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This paper is devoted to the investigation of the design of robust guaranteed cost observer for a class of linear singular Markovian
jump time-delay systems with generally incomplete transition probability. In this singular model, each transition rate can be
completely unknown or only its estimate value is known. Based on stability theory of stochastic differential equations and linear
matrix inequality (LMI) technique, we design an observer to ensure that, for all uncertainties, the resulting augmented system is
regular, impulse free, and robust stochastically stable with the proposed guaranteed cost performance. Finally, a convex optimization
problem with LMI constraints is formulated to design the suboptimal guaranteed cost filters for linear singular Markovian jump
time-delay systems with generally incomplete transition probability.

1. Introduction

Descriptor systems are also referred to as singular systems,
implicit systems, generalized state-space systems, or semis-
tate systems and provide convenient and natural representa-
tions in the description of economic systems, power systems,
robotics, network theory, and circuits systems [1]. The sta-
bility for singular system is more complicated than that for
nonsingular systems because not only the asymptotic stability
but also the system regularity and impulse elimination are
needed to be addressed [2-5].

In practice, in many physical systems, such as aircraft
control, solar receiver control, power systems, manufacturing
systems, networked control systems, air intake systems, and
other practical systems, abrupt variations may happen in
their structure, due to random failures, repair of components,
sudden environmental disturbances, changing subsystem
interconnections, or abrupt variations in the operating points
of a nonlinear plant [6-19]. Therefore, more and more
attention has been paid to the problem of stochastic stability
and stochastic admissibility for singular Markovian jump

systems (SMJSs) [20-30]. Long et al. [23] derived stochastic
admissibility for a class of singular Markovian jump systems
with mode-dependent time delays. Wang and Zhang [27]
focused on the asynchronous [, - filtering for discrete-time
stochastic Markov jump systems with randomly occurring
sensor nonlinearities. However, the TRs in the above men-
tioned literatures are assumed to be completely known.

In practice, the TRs in some jumping processes are
difficult to be precisely estimated due to the cost and some
other factors. Therefore, analysis and synthesis problems
for normal MJSs with incomplete information on transition
probability have attracted more and more attentions [31-49].
Xiong and Lam [32] probed robust H, control of Markovian
jump systems with uncertain switching probabilities. Karan
et al. [33] considered the stochastic stability robustness for
continuous-time and discrete-time Markovian jump linear
systems (MJLSs) with upper bounded TRs. Zhang and
Boukas [34] discussed stability and stabilization for the
continuous-time MJSs with partly unknown TRs. Lin et al.
[38] considered delay-dependent H filtering for discrete-
time singular Markovian jump systems with time-varying
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delay and partially unknown transition probabilities. Guo
and Wang [49] proposed another description for the uncer-
tain TRs, which is called generally uncertain TRs (GUTRs).

On the other hand, state estimation plays an important
role in systems and control theory, signal processing, and
information fusion [50, 51]. Certainly, the most widely used
estimation method is the well-known Kalman filtering [52,
53]. A common feature in the Kalman filtering is that an
accurate model is available. In some applications, however,
when the system is subject to parameter uncertainties, the
accurate system model is hard to obtain. To overcome this
difficulty, the guaranteed cost filtering approach has been
proposed to ensure the upper bound of guaranteed cost func-
tion [54]. Robust H,, filtering for uncertain Markovian jump
systems with mode-dependent time delays was proposed in
[55]. In [56], guaranteed cost and H_, filtering for time-
delay systems were presented in terms of LMIs. However,
to the best of our knowledge, there are few considering
the robust guaranteed cost observer for a class of linear
singular Markovian jump time-delay systems with generally
incomplete transition probability, which is still an open
problem.

In this paper, based on LMI method, we address the
design problem of the robust guaranteed cost observer for a
class of uncertain descriptor time-delay systems with Marko-
vian jumping parameters and generally uncertain transition
rates. The design problem proposed here is to design a mem-
oryless observer such that for all uncertainties, including
generally uncertain transition rates, the resulting augmented
system is regular, impulse-free, and robust stochastically sta-
ble, and satisfies the proposed guaranteed cost performance.

2. Problem Formulation

Consider the following descriptor time-delay systems with
Markovian jumping parameters:

Ex(t)=A(rpt)x(t)+ Ay (rt)x(t —d),
y)=C(rpt)x({t)+Cy(rnt)x(t—4d), (1)
x()=g(t), Vte[-d,0],

where x(t) € R" and y(t) € R’ are the state vector and
the controlled output, respectively. d represents the state time
delay. For convenience, the input terms in system (1) have
been omitted. ¢(¢) € L,[—d, 0] is a continuous vector-valued
initial function. The random parameter p(t) represents a
continuous-time discrete-state Markov process taking values
in a finite set S = {1,2,...,s} and having the transition
probability matrix IT = [m;],i, j € N. The transition
probability from mode i to mode j is defined by

nijA+o(A), it J,

2
1+nijA+o(A), i=j, @

Pr{rt+A=j|rt=i}={

where A > 0 satisfies lim, _, ,(0o(A)/A) = 0, mj 2 0is the
transition probability from mode i to mode j and satisfies

T = - Z ‘nij <0. (3)
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In this paper, the transition rates of the jumping process
are assumed to be partly available; that is, some elements in
matrix A have been exactly known, some have been merely
known with lower and upper bounds, and others may have
no information to use. For instance, for system (1) with
four operation modes, the transition rate matrix might be

described by

R +A, 2 T2
! Ty + 855 v T+ Ay
A= . . . . )
T AatA, T 2
(4)
where 7;; and A;; € [-0j;,04] (0;; > 0) represent the

estimate value and estimate error of the uncertain TR 7,
respectively, where 77;; and o;; are known. ? represents the
complete unknown TR, which means that its estimate value

7;; and estimate error bound are unknown.

S, the set U’
The estimate

For notational clarity, for all i €
denotes U' = U, U U,, with U, = {j
value of 7r;; is known for j € S}L Uy, = {j : The'estimate
value of s is unknown for j € S}. Moreover, if U, #, it is
further described as U,i = {ki R k;, .. ,kin}, where kfn e N*
represents the mth bound-known element with the index
k,, in the ith row of matrix II. We assume that the known
estimate values of the TRs are well defined. That is
Assumption 1. If Uy = S, then My -0y 2 0(forall j €

N N N =~ _ s
S, j#D), My ==Xty jpijand oy ==Y 5405

\%

Assumption 2. If U,i#S and i € U,i, then 7; — oy
0 (forall j €S, j+i),7; +0; <0and ZjeU;'( jj.
Assumption 3. If U,inS and i ¢ U,i, then 7; — oy
0 (for all j € S).

Remark 4. The above assumption is reasonable, since it is
the direct result from the properties of the TRs (e.g., 7;; >
0 (foralli, j €S, j#i)andm; = -7, ;,,;m;). The above
description about uncertain TRs is more general than either
the MJSs model with bounded uncertain TRs or the MJSs
model with partly uncertain TRs. If U}, = @, for alli € S,
then generally uncertain TR matrix (4) reduces to bounded
uncertain TR matrix (5) as follows:

T+ Ay T+l o0 s+ Ay
Ty + Ay T+ 8y o0 T+ Ay

, (5)
nsl+Asl 7T52+A52 ﬂss+Ass

where;;—A; >0 (for all j €S, j#i),7; =

_ S
0,and A = Zj:l,j;&i

= Yirjei T <
Aj;ifo;; =0, foralli €S, forall j €
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Uj, then generally uncertain TR matrix (4) reduces to partly
uncertain TR matrix (6) as follows:

My, ! e 2
T Ty e Ty

(6)
o, e 2

Our results in this paper can be applicable to the general
Markovian jump systems with bounded uncertain or partly
uncertain TR matrix.

A(p(t),1), Ay(y(t), 1), C(y(t), ), and C,(y(t), t) are matrix
functions of the random jumping process y(t). To simplify the
notion, the notation A(t) represents A(y(t),t) when y(t) =
i. For example, A ;(y(t),t) is denoted by A 4(t) and so on.
Further, for each y(t) = i € N, it is assumed that the
matrices A;(t), A (), Ci(t), and C4(t) can be described by
the following form:

A;(t) = A;+AA; (1), Ay () = Agi + AAG (1),
7
Ci(t) = C; + AC; (1), Cai (t) = Cg; + ACy; (1) 7
where A;, A, C; are Cy; known real coeflicient matrices
with appropriate dimensions. Time-varying matrices
AA;(t), AA (), AC,(t), and AC4(t) represent norm-
bounded uncertainties and satisfy

AA; (1) AAy (t)]

M,.
AC; (t) AC (1) :[ 1’]5(” [Ny Nyl,  (8)

M2i

where M,;, M,;, M,;, and N,; are known constant real matri-
ces of appropriate dimensions, which represent the structure
of uncertainties, and F;(t) is an unknown matrix function
with Lebesgue measurable elements and satisfies Fi(t)FiT(t) <
I

Further, for convenience, we assume that the system has
the same dimension at each mode and the Markov process
is irreducible. Consider the following nominal unforced
descriptor time-delay system:

Ex(t)=Ax(t)+Agzx(t-4d),

x() =9,

9)
vVt € [-d,0].

Let x,, 1y, and x(t, @, 1) be the initial state, initial mode,
and the corresponding solution of the system (9) at time ¢,
respectively.

Definition 5. System (9) is said to be stochastically stable if,
for all p(t) € L,[-d, 0] and initial mode r, € N, there exists
a matrix M > 0 such that

E H b (g ro)lldt 1 7o x (0) = 9 (0),t € -, 01}
’ (10)

T
< xy Mx,.

The following definition can be regarded as an extension
of the definition in [2].

Definition 6. (1) System (9) is said to be regular if det(sE —
A;),i=1,2,...,sare not identically zero.

(2) System (9) is said to be impulse free if deg(det(sE —
A)))=rank E;,i=1,2,...,s.

(3) System (9) is said to be admissible if it is regular,
impulse free, and stochastically stable.

The linear memoryless observer under consideration is as
follows:

Ex (t) = K;% (t) + Ky y (1),
(11)

Xy =0, r(0) =1,

where X(t) € R" is the observer state, and the constant
matrices K,; and K,; are observer parameters to be designed.
Denote the error state e(t) = x(t) — x(¢t), and the

T
augmented state vector Xp= [xT(t) eT(t)] .Let X(t) = Le(t)
represent the output of the error states, where L is a known
constant matrix. Define

Y A, 0
7 1A - Ky, - KyC Ky )?

A 0 E O

Ay = di ] E :[ ]
s [Adi—KziCdi 0 F=1o E

M;; ] [N 0] 12
M, =M, = ! s Ni: i s

fi ST My; = KMy, f !

AA 5 = MgF; (t) N, Ny =[Ny 0],

AA g4 = MgyiF; (£) Ny Cr=[0 L]
and combine (1) and (11); then we derive the augmented
systems as follows:

+ (A + A ) xf (£ - d),
(13)
z (t) = Cfo (t) s
T
x50 = [ (1),9" )],
Similar to [5], it is also assumed in this paper that, for all ¢ €
[-d, 0], there exists a scalar i1 > 0 such that IIxf(t +9)| <

hllx (DIl
Associated with system (13) is the cost function

vVt € [-d,0].

— © T
j_E“O z (t)z(t)dt}. (14)

Definition 7. Consider the augmented system (13), if there
exist the observer parameters K,;, K,; and a positive scalar
F*, for all uncertainties, such that the augmented system
(13) is robust, stochastically stable and the value of the cost
function (14) satisfies . < _f~, then " is said to be a
robust guaranteed cost and observer (11) is said to be a robust
guaranteed cost observer for system (1) with (4).

Problem 8 (robust guaranteed cost observer problem for a
class of linear singular Markovian jump time-delay systems



with generally incomplete transition probability). Given sys-
tem (1) with GUTR Matrix (4), can we determine an observer
(11) with parameters K;; and K,; such that the observer is a
robust guaranteed cost observer for system (1) with GUTR
Matrix (4)?

Lemma 9. Given any real number € and any matrix Q, the
matrix inequality e(Q + QN < &T +Qr'Q" holds for any
matrix T > 0.

3. Main Results

Theorem 10. Consider the augmented system (13) with GUTR
Matrix (4) and the cost function (14). Then the robust guar-
anteed cost observer (11) with parameters K,; and K,; can
be designed if there exist matrices P, K,;, and K,;, i =
1,2,...,s, and symmetric positive definite matrix Q, satisfying
the following LMIs, respectively:

Case 1. Ifi ¢ Uy and Uy = {K\,...,K.}, there exist a set of
symmetric positive definite matrices T;; € R™™ (i ¢ Uy, j €
U,i) such that

E{P, = P/E; >0, (15)

0+CiC;  P(Api+DAp) N,
T
(Aggi+AA ) P -Q 0 [ <0 (6)
* * N,
P,—P;20, VjeU,, j#i. 17)

Case 2. Ifi € Uy, Uy = {ki,..., k. } and U, #0, there exist a
set of symmetric positive deﬁmte matrices V;; € R™ (i, j €

U,i, le U;k) such that

E}"p}. = PiTEf >0, (18)
0, +CiC;  P(Api+DAny) M,
T <0. (19)
(Afdi + AAfdi) b -Q 0 :
* * M2

Case 3. If i € Uj and U., = 0, there exist a set of symmetric
positive definite matrices W;; € R™" (i, j € U, ) such that

E{P, = P/E; >0, (20)
" -
A;+CiCy : P(Ap+AAgy) L
(Ajgi+ DA gy) P -Q o< 0, (21)
* * L

where

I, = (A +AAL) P+ P (Ay+0Ay)

+Q+ ) #;E; (P-P)+ Z40T,],

]EU’ jeU
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Q; = (Afi + AAfi)TPi + B (Afi + AAfi)

+Q+ Y AEy (P - R)+ Z Vil

jeu; ]EU

A= (Ap+AAL) P+P (A +AAy)

+Q+ Z

By (P=P)+ Zi"iszir

jeS,j#i eS¢
Ny = [Ef (Pay = B) Ef (Pag = Br)- o Ef (P, — B
Nz—dlag{ ’k”""_Tikin}’

M, = [Ef (Py - B).Ef (P~ B). . Ef (B, - B)].
M, = diag {~Vigaps ., =V 1} »
L= [Ej(P-P),...E{ (P, - P),
Ef (Pyy - P),....Ef (P,- P)],

:dlag{ 11""’_‘/\/1‘5}'
(22)

Proof. According to Definition 2 and Theorem 1 in [2], we
can derive from (15)-(21) that system (13) is regular and
impulse free. Let the mode at time t be i, and consider the
following Lyapunov function with respect to the augmented
system (13)

V(xp(),yt)=i)= xJTc t) Ej;Pixf 0
(23)

t
+ L_d x}: () Qxy (s) dt,

where Q is the symmetric positive definite matrix to be cho-
sen, and P, is a matrix satisfying (15)—(21). The weak infinites-
imal operator & of the stochastic process {y(t), x f(t)}, t>0,
is presented by

PV (x; ),y () =1)

AthOA [E AV (xt+8),yt+A)x(®),y () =i}

“V(x(),y®) =1)]

= x5 (1) [(Afi +8Ag) P+ (Ay+AAp)

+Zn,]EfP +Q
j=1

xg (t)

+ 257 (8) P, (A py+ DA ;) xf (- d)

—xp(t-d)Qx;(t—d).
(24)



Abstract and Applied Analysis

Case 1 (i ¢ Uj;). Note that in this case Yjeui j+iTTij
Z]e?lk]¢z i~ mpand m; > 0, ) € U, > j#i; then from
(24), we have

j=1

xf () {Z%Efp ] xg ()

=xp(0) | Y mEpPi+ Y myEpP;+myEcP ] xg (t)
L j€U; jeULj#i
T T
=x(t) Zrt,]EfP +< - z‘nij>EfPi
| jeul jeui

+7r,-iEj;Pi jl xy (1)

- wE| Tn

L jeUL

; (P - P)}xf(t)

08| £5(5-0)+ Ta,(0-1) 50

| jeul jeui

(25)

On the other hand, in view of Lemma 9, we have

> AyE; (P~ P)

jeuL
= 3 38655 (B = B) + 384 (B =)
jeut
<) —<;A >T +E; (P;- P)T;" (P; - P)Ef]
jeU, -
sz:iaijiﬁEf(p P)T;' (P - P)Ef]
jeut
(26)
Case2(zEUkandU;k¢0) Becauseoka—{k’,.. ,K! }and

ULk {”1>~-- _m)> there must be [ € U,, so that ET b >
f P, (for all j € Uuk).

X (1) [ZnijE;ijI xg (1)

Jj=1

7Tij> E;B] xg (£)

m;j (Pj_Pl)jle (®)

< xp (1) { Z”ijE§PJ_< D

jeul jeUL,j#i

P

jeul

=xp O Ep | Y 7 (P=B)+ Y Ay (P -B) | x(0).
jeu; jeu;
(27)

By using Lemma 9, we have

> AyE; (P -R)

j€v;
1
= 2 |50uE; (P-R)+ AlJEf (P - Pl)]
jeus
v .
<) (5%’) Vi + By (P = B)Vyy' (P, - ) Ej
jeui -
< Z L0+ B (P R) Vi (P - Pl)Ef]
jeup
(28)
Case 3 (i € U and U!, = 0). Consider
xf () an fp ] X ()
=xp(OE;| ). ”ij(Pj‘Pi)] xy (t)
| j=Lj#i
. (29)
S
T T ~
=xpOF; | ) 7(P-P)
_j:l,j#i
+ 3 o)
j=Lj#i
Case 1. Substituting (25) and (26) into (24), it results in
PV<ATHODOGH AR, (30)
where A" (t) = [x}(t), x{(t - d)] and
. _
I, + CfC; ; P (A +AA ) Ny
(Di = (Afdi + AAfdl) Pl _Q 0 . (31)

* * N,

Case 2. Substituting (27) and (28) into (24), it results in

PV<ATOYHAQ), (32)
where AT(t) = [xj?(t), x?(t —d)] and
. _
Q;+CiC; ; P, (A g+ AA ) M,
Yi=|(Am+AAL) P -Q 0 |- (33

* * M,



Case 3. Substituting (29) into (24), we get
PV <ATOTH AW, (34)
where AT(t) = [xj;(t), x§(t —d)] and

T
A,-+Cfo P,

L= (Afdi + AAfdi)TPi -Q

0 (35)
* * L,

Similar to 5], using Dynkin’s formula, we drive for eachi € N:

T
Tllme 4“0 x? @) xp @) dt | @y = i} < x;Ofoo. (36)

By Definition 5, it is easy to see that the augmented system
(13) is stochastically stable. Furthermore, from (16), (19), and
(21), we have

PV < —x; () CCpxf (t) < 0. (37)

On the other hand, we have

7 [E{L x}”(t)c}"cfxf(t)dt}<—jo vt "

-E {tli)ngoV (x (t),y(t))} +V (0, ¥0) -

As the augmented system (13) is stochastically stable, it
follows from (38) that | < V(x 00 t,)- From Definition 7, it
is concluded that a robust guaranteed cost for the augmented
system (13) can be given by J* = x?o(t)EiroP(rO)xfo +

[, xFQx @t.

In the following, based on the above sufficient condition,
the design of robust guaranteed cost observers can be turned
into the solvability of a system of LMIs. O

Theorem 11. Consider system (13) with GUTR Matrix (4) and
the cost function (14). If there exist matrices Y,; and Y,;, i =
1,2,...,s positive scalars €;, i = 1,2,...,s, symmetric positive
definite matrix Q, and the full rank matrices P,;, and matrices
P, = diag(Py;, Py), i = 1,2,...,s, satisfying the following

LMIs, respectively.

Case 1. If i ¢ U,i and U,ic = {k"l,...,kin}, a set of positive
definite matrices T;; € R™" (i ¢ Uj, j € U,) exist such that

E{P,=P/E; >0, (39)
-¢1i ¢2i N1 ¢3i ]
¢ -Q 0 0
<0, (40)

—T —
N, 0 N, 0

(¢, 0 0 —gl

it

P-P;20, VjeU,, j#i. (41)
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Case 2. If i € U,i (U,"c = {ki,...,kin}) and U;k #0, a set of
positive definite matrices Vj; € R™ (i, j € Uy, I € U,;) exist
such that

E{P, = P/E; >0, (42)

O P My @y ]

o -Q 0 0
. <0. (43)
M, 0 M, 0

o 0 0 e

Case 3. If i € U and U, = 0, a set of positive definite
matrices W;; € R (i, j € Uy) exist such that

T T
E P =P E; >0, (44)

Rz I1 Vi |

¥y —Q 0 0
r B <0, (45)
., 0 L, 0

where

b1 = Qi = Vi

_ [ PyA; +A;TP11'

T T Ty T
AiPZi - Yu - Ci Yz;‘]
PyA; - Y, - Y5,C

T
Yi+Yy,
T - T 1,
+Q+CiCr+ ) myEp (B -P)+ ) 105Ty,
jeU, jeU,

b= - _[ PLA, 0]
i = Pai = Yo PyA;-Y,,-Y,C, 0]’

$si = 3 = Y3 = [ il ]
' ' T PMy = Y My - YoM,

N, = [ (Pg = B). Ej (P — P Ef (B, ~ B)].
N, = diag {~Tixs, ...~ T },
M, = [Ef (Py = B). Ef (By ~ B).. Ep (B, - BY)].
M, = diag {~Visjp...,~Vigs 1} »
L = [E;(P,-P),....E{ (P, - P),
Ef (P4 - P),....E; (B, - P)],

L, = diag {-~W;;,....-W}.
(46)
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Then a suitable robust guaranteed cost observer in the  and J* is a robust guaranteed cost for system (13) with GUTR
form of (11) has parameters as follows: Matrix (4).

Ky = P;ilYl K, = P;Yzl- (47)  Proof. Define

i

ALP+PAL+Q+ Y ;(P-P)+ ) iaij,.jJchchf PAwyy N,

fiti ) .
Al = Ve et , (48)
l Agai; -Q 0
% * N2
1 _
T =~ T
ALP +PA;+Q+ Znij (P;-P)+ ZZ""ZJ’VW +CiC; PAy M,
4o . jeu; i (49)
Apail; Q 0
% * MZ

T ~ 1 2 T T
AP+ PAgG+Q+ > (P =P)+ ). 2%Vt CsCr Pidgai Ly

1

A% = jeu; jeU; <0. (50)
' ATJ;diPi Q _0
% * L2
Then (16) is equivalent to By applying Lemma 2.4 in [57], (50), (51), and (52) hold for
all uncertainties F, satisfying FlT F; < Iifand only if there exist
5y positive scalars ¢;, i = 1, 2,..., s, such that
. iV fi
Ai + 8 Fi [Nfl Nfli 0] Plel Plel T
Ai+el| 0 0
T (51) 0 0
T PMy;
+ N4y Fp; O] F 0 <0. T
[ fi fli ] i 0 + Si [Nfl Ffli 0] [Nfl Ffli 0] < 0,
T
. PMg | [ PM
Then (19) is equivalent to Ajtg 0 0
0 0 (54)
T
PMy; +&[Ng Fpy 0] [N Fpyy 0] <0,
A2 -+ 0 Fi [Nfl Nfli 0] T
l 0 s . PiMfi PiMfi
. (52) Al +¢ 0 0
o [PM 0 0
+[Ng Fpy O] F 0 < 0. -
0 + Si [Nfl Ffli 0] [Nfl Ffli 0] < 0.

Let P, = diag(P,;, P,;), and using (47), we can conclude from
Then (21) is equivalent to Schur complement results that the above matrix inequalities
are equivalent to the coupled LMIs (40), (43), and (45).
It further follows from Theorem 10 that J* is a robust

; PMy; guaranteed cost for system (13) with (4). O
A+ 0 F, [Nﬁ Nfli 0]
0 Remark 12. The solution of LMIs (39)-(45) parameterizes

. (53) the set of the proposed robust guaranteed cost observers.

. PMy; This parameterized representation can be used to design the

+[Ng Fpy 0] FiT 0 <0 guaranteed cost observer with some additional performance
0 constraints. By applying the methods in [14], the suboptimal



guaranteed cost observer can be determined by solving a
certain optimization problem. This is the following theorem.

Theorem 13. Consider system (13) with GUTR Matrix (4) and
the cost function (14), and suppose that the initial conditions r,,
and x gy are known; if the following optimization problem
min T
QPy;,Pyyg;,Yy; and Yy (55)
s.t. LMIs (39) - (45)

has a solution Q, Py;, Py, €, Yy;, and Y, i = 1,2,...,s,
then the observer (11) is a suboptimal guaranteed cost
observer for system (1), where J* = xJTcOE};OP(rO)xfO +

([, x o (0 1o ()2t Q).

Proof. It follows from Theorem 1l that the observer (11)
constructed in terms of the solution Q, Py;, P,;, ¢;, Y,;, and
Y,,i = 1,2,...,s, is a robust guaranteed cost observer. By
noting that

0 0
J ) x;) () Qx o (t) dt = L tr (xjio () Qx o (1)) dt

. (56)
=tr (Jd xjjo (t) x50 (1) dtQ) ,

it follows that the suboptimal guaranteed cost observer
problem is turned into the minimization problem (55). [J

Remark 14. Theorem 13 gives the suboptimal guaranteed cost
observer conditions of a class of linear Markovian jump-
ing time-delay systems with generally incomplete transition
probability and LMI constraints, which can be easily solved
by the LMI toolbox in MATLAB.

4. Numerical Example

In this section, a numerical example is presented to
demonstrate the effectiveness of the method mentioned in
Theorem 11. Consider a 2-dimensional system (1) with 3
Markovian switching modes. In this numerical example, the

singular system matrix is set as E = [} 0], and the 3-mode
— ? ?

transition rate matrix is A = [ 13?'52 2?1 326 ], where A, A5 €

[<0.15,0.15]; A 53, A 53 € [<0.12,0.12] and A, € [-0.1,0.1].

The other system matrices are as follows.
For mode i = 1, there are

-3.2 0.65] (0.2 0.5
Al‘[l 0.2 ]’ Adl‘_l —0.68]’
1.2 0.65] (3.6 -1.05
C,=|-65 19 |, Cy=1|21 09 |,
-0.21 -1.8 | 021 -0.86 (57)
; [ 0.25
M, = [—Ooéz . My = 0875,
] -2

N, =[-12 31], N, =[-069 —42].
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For mode i = 2, there are

-1 6 -3.1 -1.6
AZ‘[z —36]’ A [ 3 0.75]’
9 -25 0.89 -6
C,=1035 -2 |, Cp=1]-1209],
36 -1.8 -24 6 (58)
0.75
My, = [2_2] > My, =|-361,
2.5
N, =[-72 -6],  N,=[1 2]
For mode i = 3, there are
-10.6 2.9 [-5.6 —1.2
As = [—0.3 3.6]’ Aas = | -3 45 )
-3 -0.36 [-1.65 5
C,=1015 -18 |, Cp=|-12 265],
09 -5 | -0.98 5.6 (59)
[-0.52
-8.2
My; = [—0 3]’ My =] 25 |,
: | -3.6
N, = [1.05 -5], N,; = [-7.2 -1.26].

Then, we set the error state matrix L = [ 3> %], and the
positive scalars in Theorem 11 are &, = 0.2,¢, = 0.15,¢; =
0.32. According to the definitions of augmented state matrices
in (12), we can easily obtain the following parameter matrices
in Theorem 11 by MATLAB

—8452.1006

0.0127
0.0127 ’

Yi = [ 8450.9001
v _[ 002 01291 0.1435
217 [ -2.3520 —0.4080 —0.8106 |

V. = —-17.0991 26.9626
1271 26.9626 -24.6750 |’

-20.0744 -13.2941 52.9388
Yy, = >

21.6893 18.0120 -50.6693

Y. = —675.1329  22.4456
137 | 224456 -897.6976 |’

Yo = [-13.6021 -146.1726 54.0500]
27| -3.4324 -19.5125 -10.3068 |’
[6.3029 0 0 0

P 0 48620 0 0
1= 0 0 22914 0 ’
0 0 0 03169
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[0.8914 0 0 0
b 0 12505 0 0
2= 0 0 73629 0 ’
| o 0 0  3.0056 |
[3.0265 0 0 0 ]
b 0 02156 0 0
37 0 0 0.89%5 0 ’
| o 0 0  1.0002
[0.5000 0 0 0
Q- 0 05001 0 0
B 0 0 05001 0 ’
| 0 0 0  0.5001 |
3417.3214 —870.7765 0 0
T —-870.7765 416.7216 0 0
1= 0 0 2226.3598 —320.7456 |°
0 0 —-320.7456 1226.3101
Ty
37753231 —2799.9330 0 0
[ —2799.9330 2810.7685 0 0
B 0 0 10690.7366 —10743.2750 |’
0 0 -10743.2750 10855.5053
951.8504 —539.9245 0 0
T = -539.9245 896.2029 0 0
317 0 0 1477.3012 —207.7540 |’
0 0 —207.7540 1479.1256
2161.7695 —1209.4164 0 0
T = —-1209.4164 2037.1205 0 0
2= 0 0 1.4786 —0.9283 |’
0 0 -0.9283 1.4794
1493.9313 —839.8780 0 0
T —839.8780 1407.3689 0 0
3= 0 0 147.8123 -133.6452 |’
0 0 —-133.6452 245.9347
1.6650 0 0 0
v 0 16650 0 0
1= 0 0 16650 0 ’
0 0 0  1.6650
[1.5426 0 0 0
0 16650 0 0
Wi, = 0 0 16662 0 ’
| o 0 0  1.6650
[1.5428 0 0 0
0 16650 0 0
Wi, = 0 0 16622 0
| 0 0 0 16650

(60)

Therefore, we can design a linear memoryless observer as
(11) with the constant matrices

—1340.9860
0.0026

0.0020

-1
K =Py = [ 1738.1530]’

., _[00087 00563 0.0626
Ko =Py Yo = [—7.4219 ~1.2875 —2.5579]’
oy [-19.1823 302475
Ky =P, Y = [ 21,5615 —19.7321] :

(61)
oy [-27264 -18056 7.1899
Ko =Py Yr = [ 72163 59928 —16.8583]’
oy [-2231402  7.4186
Kis = P33 = [ 104.1076 —4163.7180]’
- prly. _ [-151724 ~163.0481 602900
» =05 = | 34317 _195086 -103047"

Finally, the observer (11) with the above parameter matri-
ces for this numerical example is a suboptimal guaranteed
cost observer by Theorems 11 and 13.

5. Conclusions

In this paper, the robust guaranteed cost observer problem
for a class of uncertain descriptor time-delay systems with
Markovian jumping parameters and generally uncertain
transition rates is studied by using LMI method. In this
GUTR singular model, each transition rate can be com-
pletely unknown or only its estimate value is known. The
parameter’s uncertainty is time varying and is assumed to
be norm-bounded. Memoryless guaranteed cost observers
are designed in terms of a set of linear coupled matrix
inequalities. The suboptimal guaranteed cost observer is
designed by solving a certain optimization problem. Our
results can be applicable to the general Markovian jump
systems with bounded uncertain or partly uncertain TR
matrix.
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