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KYBERNETIKA — VOLUME 50 (2014), NUMBER 4, PAGES 580-595

NON-FRAGILE SAMPLED DATA H, FILTERING OF
GENERAL CONTINUOUS MARKOV JUMP LINEAR
SYSTEMS

MOUQUAN SHEN, GUANGMING ZHANG, YUHAO YUAN AND LEI MEI

This paper is concerned with the non-fragile sampled data H filtering problem for contin-
uous Markov jump linear system with partly known transition probabilities (TPs). The filter
gain is assumed to have additive variations and TPs are assumed to be known, uncertain with
known bounds and completely unknown. The aim is to design a non-fragile Ho filter to ensure
both the robust stochastic stability and a prescribed level of H., performance for the filtering
error dynamics. Sufficient conditions for the existence of such a filter are established in terms
of linear matrix inequalities (LMIs). An example is provided to demonstrate the effectiveness
of the proposed approach.
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1. INTRODUCTION

Markov jump linear systems (MJLSs), whose state space consists of a continuous part,
the kinematics, and a discrete part, the mode which determines the dynamics in place,
are suitable to model dynamical systems with variable structures caused by random
failures or repairs, modification of the operating components, changes in the intercon-
nections of subsystems, sudden environment changes, etc. During the past decades,
many issues on MJLSs such as stability and stabilization, H, control and filtering,
optimal tracking, have been well investigated [6] [8, O] [T4], [T6] and the references therein.

On the other hand, in most of the digital implemented filtering and control schemes,
the measurements are obtained at discrete sample points rather than continuously.
Therefore, much attention has been given to study how a continuous-time system can
be controlled using measurements obtained only at discrete sample points [3, 4, [12]. For
stochastic systems with Markov switching under sampled measurements, very few results
are available in the literature [0l [15]. Specially, sufficient conditions for stochastic sta-
bility or exponential mean square stability of sampled-data systems with Markov jump
parameters are established in [5]. Based on the LMI technique, the H filtering prob-
lem of MJLSs under sampled measurements are discussed in [I5]. Note that the above
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mentioned works on the control or filtering problem of MJLSs are based on an implicit
assumption that the controller or filter should be implemented exactly. However, in
practice, controllers or filters do have a certain degree of errors due to finite word length
in any digital systems, the imprecision inherent in analog systems and additional tuning
of parameters in the final controller implementation. Therefore, a significant issue is
how to design a filter or controller for a given plant such that the filter or controller
is insensitive to some amount of errors with respect to its gain, i.e., the designed filter
or controller is resilient or non-fragile [2, [7, 11} [I7]. On the other hand, for controller
or filter design for MJLSs, an important assumption is made that TPs are completely
known. In fact, not all the probabilities of the jumps are easy to be measured, and even
part of the elements in the desired transition rate matrix is not available. Therefore,
it is necessary to study more general MJLSs with partly known TPs [I0], namely, TPs
are allowed to be known, unknown with known lower and upper bounds and completely
unknown. So far, the non-fragile H., filtering problem for continuous MJLSs with partly
known TPs under sampled measurements has not yet been fully investigated, which is
the motivation of this study.

The non-fragile sampled data H, filtering problem for continuous MJLSs with partly
known TPs is investigated in this paper. The filter gain has additive variations and
partly known TPs cover the cases that some elements are known, some are uncertain
with known lower and upper bounds and some are completely unknown. Attention is
focused on designing a non-fragile filter to ensure both the robust stochastic stability and
a prescribed level of H., performance for the filtering error dynamics. Combing the TP
matrix property with the parameter dependent Lyapunov function approach, sufficient
conditions for designing the non-fragile H,, filter are established in terms of linear
matrix inequalities (LMIs). An example is provided to demonstrate the effectiveness of
the proposed approach.

Notation: Throughout this paper, MT represents the transpose of matrix M. The
notation X <Y (X <Y) where X and Y are symmetric matrices, means that X —Y
is negative semi-definite (negative definite), respectively. I and 0 represent identity
matrix and zero matrix, respectively. Lo denotes the space of square integrable vect?r
functions of a given dimension over [0,00), with norm ||z|]z = {[;° z(t)Ta(t)dt}?.
[| 1|z, stands for £3[0 oo) norm over [0 oo) and || ||, represents the norm in the space
L2((Q2, F, P),[0 00)), * denotes the entries of matrices implied by symmetry. Matrices,
if not explicitly stated, are assumed to have appropriate dimensions. Finally, the symbol
He(X) is used to represent (X + X7) and E{A} denotes the expectation operator with
respect to some probability measure P;.

2. SYSTEM DESCRIPTION

Consider the following continuous-time MJLSs with sample data measurement

t)+ Bi(r()w(t), (t#kh)
kh™) + Bo(r(t)n(kh), (k=0,1,2,...) (1)
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where x(t) is the state vector, w(t) is the disturbance input which belongs to La[0 o0)
and the z(t) is the controlled output. The stochastic process {r(t)},¢ > 0 is a continuous
time, discrete-state homogenous Markov process, which takes values in a finite set 7 £
{1,..., N} and has the following mode TPs.

Pri{r(t+dt) = j|r(t) =i}

| mydt + o (dt) iy @)

where dt > 0, limg;_q o(ddtt) =

satisfies the following relations:

0. m;; is the jump rate from mode ¢ to mode j that

7Tij20 Vi£jel

N
Y, mij=-—Ty 1= (1,...,N). (3)
J=Tij

Additionally, the TPs of the jumping process {r(k),k > 0} in this paper are assumed
to be partly unknown, namely, some uncertain elements have known lower and upper
bounds, or some have no information available. For instance, for system with four
operation modes, the TP matrix may be as:

11 ? 13 ?

T w7 mo (4)
« ? 733 ?

? ? I6] ?

where “?” represents the unknown elements with no bounds information available and
a,  represent the unknown elements with known lower and upper bounds (o < a < @&
and 8 < 3 < ). For the above example, the information of the elements in the TP
matrix is composed of the following three sets.

. £ {j : m;; is known},
L = {j : the bounds of 7;; is known}, (5)
Rikz 2 {7 : there is no information for m;;}.

Therefore, Vi € Z, we have 7 = R} UR!, UR!,,. The partly known TPs are further
given as

k= Ry, URa, (6)
Ifm = Rfucz- (7)

Now suppose we have
y(kh) = C(r(t))z(kh) + D(r(t))n(kh) (8)

where y(kh) is the sampled measurements, n(kh) is the discrete measurement noise
which belongs to £2[0 o0), C(r(t)) and D(r(t)) are known constant matrices.
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In this paper, the following mode-dependent full-order non-fragile filter is employed
to estimate z(t)

ap(t)  =(Ap(r(t) + LA (r(1)))z(t)
wp(kh)  =(By(r(t)) + ABs(r(t))zs(kh™) + (Cr(r(t)) + ACs(r(t))y(kh)  (9)
zp(t) =Ly (r(t) + ALs(r(8))s(t)

t

where z;(t) and z¢(t) are the state and output of the filter, respectively. Af(r(t)),
By(r(t)), Cy(r(t)) € R"*?and Ly(r(t)) are filter parameters to be determined. AAy(r(t)),

ABg(r(t)), ACy(r(t)) and ALf(r(t)) are uncertainties defined as:
AAp(r(t) = Hay oy LaseenEa o)
ABy(r(t)) = HB,«(r(t BB (r(e) BB (re) (10)
AC(r(t) = He, (v Doy ren Eoy )

)
ALg(r(t) = Hoy(rep DLy re) By rt)

where Hg (1)), Egr(t)) (8= A, B,C, L) constant matrices with appropriate dimensions
and Ag((y)) are uncertain matrices bounded such as A t))Aﬁ ) < 1.

For simplicity, we denote the matrices associated w1th r(t) =i by A1(r(t)) = Axs,
Bi(r(t)) = Bui, Aa(r(t)) = Az, Ba(r(t)) = Bai, C(r(t)) = Ci, D(r(t)) = Dy, Af(r(t)) =
Agi By(r(t)) = Byi, Cy(r(t)) = Cpi, L(r(t)) = Ly, AAf(r(t)) = Hap Day Eay,,
ABy(r(t)) = Hp;, Mgy Epy,, ACy(r(t)) = Hoy Acy, Ecy,, ALg(r(t)) = Hy, Ap By,

Defining the augmented state vector ((t) = [T (¢) m?(t)]T and e(t) = z(t) — zf(t),
the following filtering error system is obtained.

C(t) = ApC(t) + Biw(t)
((kh) = Ay C(kh™) + Bagm(kh) (11)
e(t) = Li((t)

where
Ali = Ali + HAli AAliEAh" 12121' = AQ;‘ + HA21’AA2'£EA2'£?
Bgi - B% + HBQiABQiEBQi’ j;'i = Ez + HLi ALi ELi
and
1 A; 0 0
Al’L = |:O Afz:| ? Ah = |:H f‘:| 7AA1 AAfl7EA1 [0 EAfI:I 7AB2 Acfz
- Ag; 0 - 0 0 o Acfl 0
AQl [Cﬁc’ Bf1:| 7HA21 |:HCf,; HvaL:| ’AAm B |: 0 ABfi, ’EB% ECfLD

T
 [Be, i 0] 5 [Bu] ., _[O071. [LT
O A L R P R AR

_ By,
Hp, = _HLfi’AEfi = ALfi’EZ’fi = [0 Esz‘] s Bai = { ’ }

Before formulating the considered problem, the following notations are needed.
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Definition 1. (Jiand Chizeck [6]) The nominal system (1)) with w(t) = 0 and n(kh) =0
is said to be stochastically stable (SS) if there exists a finite positive constant T'(zg, 7o),
such that the following holds for any initial conditions (zg,7):

B{ [ o)1 atlosro | < Tan,ro) (12)

The main purpose of the paper is to design H,, filter @D such that the filter error
system is stochastically stable and has a prescribed H., noise attenuation level ~,
namely, e(t) satisfies

le(®)ll < (lw®I[2, + lln(ER)2,)? (13)

under zero-initial conditions for non-zero (w(t),n(kh)), where v > 0 is a given scalar.
In order to get the main result of this paper, some useful lemmas are introduced
firstly.

Lemma 2.1. (Chang and Yang [2]) From ([14), one has

T + He(MA) *
PT—MT +GA He(-G)

T + He(PA) < 0. (15)

<0 (14)

Lemma 2.2. (Cao and Frank [I]) Let V, H, E, Q and A be real matrices with appro-
priate dimensions and ATA < I. Then, for any scalar € > 0,

(V+HAEY'Q(V+HAE) <VI(Q™ ' — e 'HHT)™'V 4+ ¢EE". (16)

Lemma 2.3. (Shi et al. [19]) Let X, Y and F be real matrices with appropriate
dimensions and FTF < I. Then, for any scalar o > 0

XFY +YTFTXT < o' XXT + oYY (17)

3. MAIN RESULTS

In this section, a solution to the filter design problem formulated in the previous
section is established by using a LMI approach.
For later discussion, we denote

T = — Tijy (Sk:—’ﬂ'ii— Tijgs Pk_ 7'('7;ij

JETL j#i JETL,j#i JETLL j#i
i i _ Dl = . P.
T = — § T O = —Ty — § i Pr = § i P
JET g JET} i JETE j#i

The following theorem presents a solution to the non-fragile H, filtering problem for
the MJLSs with partly known TPs.
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Theorem 3.1. For a positive scalar v, the filtering error system (L1)) is stochastic stable
G Giz2 Gis

Gia Gi2 Gis|, N; =
Gir 0  Gis

[Ni Nm}, P, = { *11 Pz;ﬂ’ Hii, Hig, Hiz, Miy, Mis, Mia, Mig, Miz, Mis, ayi, byi,
Cti, Lys, scalars o; > 0, €; > 0 (i € Z) such that the following inequalities are satisfied

with the H, performance index -, if there exist matrices G; =

For i € I]i
[ me * * * * * % |
Yio1 Y22 * * * *
Y31 0 —oil * * * %
0% 0 0 —oil - x| <0(leTly). (18)
Yis1 0 0 0 —I * *
€;2i61 0 0 0 0 —e; 1 *
i 0 0 0 0 Y76 0 —e; 1
For i € I;k
[ 20 * * * * * % |
Ei21 Ei22 * * * *
22‘31 0 —O'Z'I * * * *
02541 0 0 —o;1 * * * <0 ;
i1 0 0 0 —I * * (1€ Zur) (19)
€2ie1 0 0 0 0 —l *
L 0 0 0 0 Ei76 0 —EZ‘I_
P <P
[ —P, * * * * * ]
0 e B * * %
(I)i (Di (I)i * * *
! 2 <0 (20)
0 0 o, &I * *
0 0 @% 0 &1 *
1&iPic 0 0 0 0 =& |
Pi *
= >0 (21)
P¢12 Piay
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where
o ~
Y * * N1 Ao Aas Ai1n * *
Eo_ sk sk _ _ = <
Y= |85 Xiho o ok |, X2 = [Mor Mgz Aoz s Xize = |Ajor Mg %
Skosk sk T T <
Yl Xise  iss Aiz1 Agzo Ayss Aiz1 Aizo Ayss

Sk { He (M A;) + Py + i Piny +é2311(i €T})
He (M1 A;) + 77111 + ﬂ'kpill(i €ZLr)

Sk = { Mg A; + a?i + (7?11612)T + ﬁzzPEQ + &CPEQ(Z €1;)
My A;i + af; + (Pla)" + . Ply(i € Ihy)

Sk~ He(ag;) + 7?11622 + ﬁfipizz +§2322(i €7})
He(agi) + Pl + ), Pioa (i € Tyy)

Sk = Mz Ai + My Byi, S5y = (M B1)" , Sky = He (Mi7By;) — 421,

N1 = Py — le + Gi14i, N2 = Piig — Mi4 +ayp, MNiz= —Mi:; + Gi1 By

N1 = sz - Gm + GisAi, ANioa = Piao — ng +aygi, Niog = G By,

Nig1 = HYY) — M + Gir Ay, Aigo = Hyy — Mg, MNisz = Hjy — Mg + Gi7By;

N1 = He(—Gir), Nia1 = —Gig — Gy, Njor = He(—Gi2), Aiz1 = —Gir — Gy,

Nizo = =G5, Nig3 = He(—Gig), Sig1 = |:(Pi12HAfi)T (Pig2Ha,,)" 0} .

Yian = [0 Ea,, 0} s 251 = |:Li —Ly; 0} » Xie1 = € [0 EL,, O] ,Yirs = —HJ,,

NiAgi+c¢piCi by N;1Bo; +CfiDi] B — lNﬂHCﬁ]
y X5 —

®; = 1 , oo =

| NisAz; +c7iCi by NizBa; + ¢ D; NioHc,,
B, — NioHey, NioHpy, Bon — He(—N;1) + Pin *
4= 3=
| NieHey, NioHpy, —N;3 — N5+ PY, He(—Nj2) + P

Ez 0 0
Dig = | = :
| 0 Ep,. 0

Moreover, the desired H., filter is given in the form of @ with parameters as follows:

Agi = Gplag, Byi = Nig'byi, Cri = Nig'cqiy Ly = s (22)

Consider the following Lyapunov function:

V(C(t),1) = ¢(6)T P(D). (23)
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Then,
. . N
E (V(¢(®),1) = COTPC@) + (0T PL() ZmJPc M. (@

Moreover

E (V(C(1),1) + e (0e(t) = v (u(®))
—(AuC(t) + Brwo(0) PiC(t) + (O Pi(AC(t) + Baw()
N
COT D migPC(t) + (L€ ()T (EiC(8) = v (tw(d). (25)

Jj=1

Taking &(t) = [¢(¢)T w(t)T]T7 then is rewritten as

Ay B
0 0

Pi Hil

E (V1) 1)+ " (e(t) - 1™ (Hu(t))

N

> mPp 0 LT
0 Hjp ] " [

. i)’
@){H6< ) |5 il }5@

=& {He (P (Hi+ Ho, g, By, ) +Ei+ (Gt Heg, g, Eg,) (‘é+H<giA<giE<&)} £(1)
(26)

0 —72I

where

Ng, = [AL 0},Eﬁ: [EC 0}.

Therefore, the condition for £ (V(C(t)7 i) + el (t)e(t) — 'VQwT(t)w(t)) < 0 can be tested
by the following inequality

T, = He (Pi ( + Hop, Mo Bary)) + Bi + (6 + He, g, B, ) (61 + Heg, g, Begy) < 0
(27)
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By Lemma 2.3 and Lemma 2.2]

I, <He(Pid#) + Z; + 0; "PiH o, (PiHo)" + 0iEL B,
+% (I — ;" Hg, HL, ) ™' 6; + €, B4, B . (28)

The condition for E (V((j(t), i)+ el (t)e(t) — ’waT(t)w(t)> < 0 is further converted to

He(Pit;) + Ei + 0, "Pilly,(PiHa,)" + 0,EL, B,
+%, (I — ¢, '"Hg, H, ) 7' 6, + €,E4, E, < 0. (29)

Because the TPs are partly known, Z; is further rewritten as

S == +miE+ Y mE (30)
leT?,
where
> miby o« , ,
2F = |jezi.i#i ,oE = [Pz 0} , Bk = [Pl O} : (31)

Recalling the fact that m;; < 0, two cases given below are considered.
Casel, i € I,i, that is, m;; is known.

Siezi ; Tl
LET] ;o 1#1

From 7 +ZJ’EIE7J'# Tij +Zlez;k,l¢z‘ 7y = 0, one has 0 = =1. By

taking 1 = 6 into , it is equivalent to

T T 2jexy ki T

He(Pidti) + Z; + 0; "PiH o, (PiH )" + 0iEo, EL, + €1 (I — ¢ 'Hy,Hy, ) ™', + €;E4,E,
=0(He(Pidt;) + EF + miiZi+ > maZt* + 07 "PiH oy (PiHoy)" + 0iEe, EL,
€T},
+61 (I — ;' He,H,) "' + €i B, Eq,)
Z T3l

leT!, b4 _ . _ _
S— 5 W__(He(Piﬂfi)Jr:ermi:H(—ﬂi— > m)EF 4o, Pl (PiHy,)"
e ST, 4

+0:E EL + €7 (I — ¢, 'Hy, HL ) 7' %; + €;E4,EL). (32)
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By Lemma holds if the following inequality is establised

Ti *

P~ ML + Gi He(—gi)] <! (33)

where

Yi =He(M; o) + Ef + mSit(—mi — Y mi)E0% + 07 "PiHoy, (PHoy, )"
JET}
+0;EL Eg, + ¢, (I — ¢ "Hg, HY, ) '€ + B¢, EL, .

By Schur complement, one has

P * * * * * *
P - MT +G,of; He(—G;) * * * * *
(PiH. )T 0 —o;1 * * * *
0. By, 0 0 —oll « * * | <0 (34)
4 0 0 0 —I * *
GiE%% 0 0 0 0 —el *
i 0 0 0 0 0 H%i —€1 |

where

) = He(Mi) + Ef + muZit (—mi — Y mij)EpF,
JET}

Case I1, i € I, | that is, m;; is completely unknown.

Considering mi; = — > czi Tij — Zjeljw Tij, then |) is rewritten as

k

He(Pid)+Ei+0; "PiHoy,(PHuy) " + 0B EL, + 6, (I—€; "He, HL, )™ '6;+€¢; B, B,
=He(Pis#) +Ef — Y mi;Ei+ 0, "PiHey, (PiHey,)" + 0iEw, EL,
JET j#i
+6 (I — ;' He, HY) 6 + e B, E, + Y mu(S0F — 20). (35)
leTi,

Taking the similar lines as case I, holds if the following inequalities are satisfied
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[He(Mo) +ZF — S 7=l * * * * * %]
JETL j#i
P; — M + G, He(—G;) * * * * *
(’PlHAz{,)T 0 —o;l * * * *
0BT, 0 0 -0 % & & | <0
4 0 0 0 —I * *
eZE% 0 0 0 0 —€l *
I 0 0 0 0 0 HL —eI
Py P Py P,
p = i Fuz| p - |fm 12
* Pos * Pioy
(36)
By taking P;, P;, M; and G; as the following structure,
r Piin Pz Hin
Piw Pia
P = >0,Pi=| x Py Hjo
* P
- 0 0 Hig
_Mi Gio M; Gin G G
M; = M; G M; ,Gi = G G G| - (37)
Miz 0 Mis Gir 0 Gis

From , we obtain and with ay; = GipAy,, byy = GiBy,, c5i = CYy,,
dy; = Dy,. Then we get

E{V(C0).0) + T (B)e(t) = 72w (u(t) } < 0. (38)
Integrating both sides of from kh to t (t € [ih (i + 1)h)), it follows

E {/k (eT(s)e(s) — Y*w(s)w(s)) ds} <E{V(¢(kh),4)}. (39)

h

On the other hand, applying the Schur complement to and considering the second
equation in , we get,

—*n" (kh)n(kh) < E{V(C(kh™), 1)} —E{V(¢(kh),i)}. (40)

Noting the zero initial conditions and combing ([39) and (0], for all kh € [0, ], the
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following formulation is obtained.

E{/o el'(s)e(s)ds 772/0 w(s)w(s) ds} — 2 Z 0T (kh)n(kh) <0 (41)

khe(0,t)

. 1
which implies ||e(t)|[z, < ([[w(®)llz, + [[n(kh)l|z,)>-

Remark 3.2. According to Theorem [3.1] if the filter variations satisfy the assumption,
the designed filter can guarantee the stochastical stability of the filtering error system
and the prescribed H., performance level. In this case, the solution is easy to work
out. The reason is that the conditions proposed in Theorem 1 are expressed in terms
of linear matrix inequalities (LMIs), which can be effectively solved by Matlab LMI
toolbox, although there are several scalars and matrices to be determined.

Remark 3.3. It is noted that the conditions in Theorem [3.1] are in the framework of
LMIs in (P;, Hiiv, Hiva, Hioy, Myy, M3, Mis, Mg, M7, Mg, Gy, Ny, ayi, byi, cyi, dyi,
scalars o; > 0, ¢; > 0 and +?), hence, a minimum +? using convex optimization algo-
rithms to obtain the minimum noise-attention level bound can be obtained. Then, the
problem of optimal non-fragile H, filter design is converted to the following optimization
problem:

min 0 (42)
Pi,Hi1,Hi12,Hi2,M;1,Mi3,M;a,M;e,M;7,M;8,Gi,Ni,azi,byi,cri,dsi,0i,€;

S Y o

where ~* is replaced with 6. The minimum noise-attention level bound is given by
v = v/ 0*, where §* is the optimal value of §. Meanwhile, the optimal filter parameters

are given by .

2

4. NUMERICAL EXAMPLE

In this section, a numerical example is given to show the effectiveness of the proposed
method given in Theorem

Consider the MJLS with four operating modes described by

—0.5 0.25 04 —0.2 04 02 0 02
An = [0.2 0.5} A1z = [0.7 0.8} A1 = [0.2 0.5} A= [0.2 0.5} ’

015 0 012 0 01 0 0.11 0
Az = [ 0 0.15} Aoz = [ 0 0.12} Ao = {o 0.1] Ao = [ 0 0.11]’

Bu=1[0 05", B=1[0 03]",Biz=[-02 —05]",Bu=[0.6 —03]",
By =[0.2 0.2]",Byy=1[03 03], Bys=[04 04]" By =[0.25 0.25]",
Ly =01 02],Ly=[0.1 05],Ls=[02 0],Ly=[-08 —0.2],

}T
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Cy=[01 —01],Co=[01 —04],C5=[0.1 0],Cy=1[0.1 0.3],
T

Ha,  =Ha,,=Ha,, =Ha,, = Hp,, = Hp,, = Hp,, = Hp,, = [-0.2 03],

T
EAfl:EAfzzEAfngAf4:EBf1:EBfQZEBfg,:HBf4:[_0~2 03] ,

T
He,, = He,, = Heyy = Heyy = [0.3 —0.3] sEc,, = Ec,;, = Ec;; = Ec,, = 0.1,
Hy,, =Hy,,=Hp,,=Hy, =01,FE, =FEr,,=Fr,, =FEL,, =05.
Dy =Dy =D3=D4=0.1.
Our purpose here is to design a mode-dependent full-order non-fragile H., filter in the

form of @ such that the resulting filtering error system is stochastic stable and has
a guaranteed H., performance. The partly known transition matrix is given as follows.

—14 0.2 ? ?
? ? 0.3 0.3
0.2 7 —-038 ?
? ? ? -0.8

(43)

By solving the optimal problem , the minimum H,, performance index v = 1.6287
is obtained, that is, when the filter has gain variations, the H,, performance v = 1.6287
is always guaranteed for any uncertainties satisfying Ag(r(t))A a(r(t)) < I. Moreover, the
filter parameters are given as follows

A _ [-05591 049641, _ [0.0266 0.0167 O, [~0-6369]
17103005 —1.7639)] 7 10.0291 0.0161 17 10.6297 |
A _ [F04722 079671 o [0.0333 0.0211 g O [70-1834]
/27 1-0.6076  —1.9095 727000145 0.0067 727101851 |
A, [704997 062027 o [-00159 —0.0218]  , _ [~1.7840]
757101246 —2.0370] 7371 0.0018  —0.0195 737 ~0.5655)
Ay = [—1.0193  0.6845 ] Bl — [ 0.0086  0.0162 Crr = [0.0295 ]
AT 10055 —1.2341) TS [-0.0106  —0.0058 74704615

Ly =[-0.1083 —0.1892] Ly = [0.1707 0.1043]
Lys=1[-0.1059 —0.1871]  Lyq = [-0.1060 —0.1887].

Based on the obtained filter parameters, with one possible system mode (Figure 1),
the simulation curves of the filter error (||e(t)||2) and disturbances
1

(dt) = (lw®)|Z, + |In(kh)||%,)?) are given in Figure 2, under the initial condition
T
2(0) =zp(0) =0 0]".

According to Figure 2, it is shown that the H, norm is indeed lower than +.
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Fig. 1. One possible system mode.

0.35

031

0251
—— llecoll,

0.2
— Y lld®)ll,

0.15
0.1r

0.05f

Fig. 2. Curves of ||le(¢)||2 and ~||d(t)]|2-

5. CONCLUSION

The non-fragile sampled data H., filtering problem for continuous MJLSs with partly
known TPs is discussed in this paper. The filter gain to be designed is assumed to have
additive gain variations and the TPs are assumed to be known, uncertain with known
bounds and completely unknown. By using the parameter dependent Lyapunov function
approach, sufficient conditions for the desired filter design are established in terms of
solutions to a set of LMIs, which guarantees the filtering error system to be stochastic
stable and has a prescribed H,, disturbance attenuation performance. A numerical
example has been given to show the effectiveness of the proposed method.
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