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1. Introduction

The problem of filter design for descriptor systems system has been intensively studied by
a number of researchers for the past three decades; see Ref.[1]-[6]. This is due not only to
theoretical interest but also to the relevance of this topic in control engineering applications.
Descriptor systems or so called singularly perturbed systems are dynamical systems with
multiple time-scales. Descriptor systems often occur naturally due to the presence of small
“parasitic” parameter, typically small time constants, masses, etc.

The main purpose of the singular perturbation approach to analysis and design is the
alleviation of high dimensionality and ill-conditioning resulting from the interaction of slow
and fast dynamics modes. The separation of states into slow and fast ones is a nontrivial
modelling task demanding insight and ingenuity on the part of the analyst. In state
space, such systems are commonly modelled using the mathematical framework of singular
perturbations, with a small parameter, say ¢, determining the degree of separation between
the “slow” and “fast” modes of the system.

In the last few years, many researchers have studied the H filter design for a general class of
linear descriptor systems. In Ref.[3], the authors have investigated the decomposition solution
of H filter gain for singularly perturbed systems. The reduced-order H«, optimal filtering for
system with slow and fast modes has been considered in Ref.[4]. Although many researchers
have studied linear descriptor systems for many years, the H filtering design for nonlinear
descriptor systems remains as an open research area. This is because, in general, nonlinear
singularly perturbed systems can not be easily separated into slow and fast subsystems.

Fuzzy system theory enables us to utilize qualitative, linguistic information about a highly

complex nonlinear system to construct a mathematical model for it. Recent studies show
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that a fuzzy linear model can be used to approximate global behaviors of a highly complex
nonlinear system; see for example, Ref.[7]-[19]. In this fuzzy linear model, local dynamics in
different state space regions are represented by local linear systems. The overall model of the
system is obtained by “blending" these linear models through nonlinear fuzzy membership
functions. Unlike conventional modelling where a single model is used to describe the global
behaviour of a system, the fuzzy modelling is essentially a multi-model approach in which
simple sub-models (linear models) are combined to describe the global behaviour of the
system.

What we intend to do in this paper is to design a robust H filter for a class of nonlinear
descriptor systems with nonlinear on both fast and slow variables. First, we approximate
this class of nonlinear descriptor systems by a Takagi-Sugeno fuzzy model. Then based on
an LMI approach, we develop an H filter such that the £;-gain from an exogenous input
to an estimate error is less or equal to a prescribed value. To alleviate the ill-conditioning
resulting from the interaction of slow and fast dynamic modes, solutions to the problem are
given in terms of linear matrix inequalities which are independent of the singular perturbation
¢, when ¢ is sufficiently small. The proposed approach does not involve the separation of states
into slow and fast ones and it can be applied not only to standard, but also to nonstandard
nonlinear descriptor systems.

This paper is organized as follows. In Section 2, system descriptions and definitions are
presented. In Section 3, based on an LMI approach, we develop a technique for designing
a robust He filter for the system described in section 2. The validity of this approach is
demonstrated by an example from a literature in Section 4. Finally in Section 5, conclusions
are given.

2. System descriptions

In this section, we generalize the TS fuzzy system to represent a TS fuzzy descriptor system
with parametric uncertainties. As in Ref.[19], we examine a TS fuzzy descriptor system with
parametric uncertainties as follows:

Eck(t) = Tioy #i(v(1)) |[Ai + DAx() + [By, + ABy Jw(t) + [Ba, + ABy Ju(t)]
2(t) = Xl wi(v() |[Cr, + ACyx(¢) + [Dra, + Dy Ju(t)| M

(1) +
y(t) =X ui(v(t)) [[Czi + ACy,|x(t) + [Day, + ADZli]w(t)}
10
0el
is the premise variable vector that may depend on states in many cases, u;(v(f)) denotes
the normalized time-varying fuzzy weighting functions for each rule (i.e., p;(v(t)) > 0 and
Y1 ui(v(t)) = 1), ¢ is the number of fuzzy sets, x(t) € R" is the state vector, u(t) € R™ is the
input, w(t) € RP is the disturbance which belongs to £5[0, ), y(t) € R is the measurement
and z(t) € R° is the controlled output, the matrices A;, By, By, C1,,Cy,, D1, and Dy, are
of appropriate dimensions, and the matrices AA;, ABy,, ABy,, ACy,, ACy,, AD1p, and ADjy;,
represent the uncertainties in the system and satisfy the following assumption.

where E; = [ }, e > 0 is the singular perturbation parameter, v(t) = [v1(t) --- vy(t)]
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Assumption 1.
AAI' = F(X(t), t)Hll., ABL. = F(X(t), t)Hzi, ABzi = F(x(t), t)Hgi,

ACL. = F(x(t),t)H4i, ACZ,- = F(x(t), t)H5i, ADlZ,- = F(x(t), t)H6,-
and ADyy, = F(x(t),t)Hy,

where Hj, j = 1,2,---,7 are known matrix functions which characterize the structure of the
uncertainties. Furthermore, the following inequality holds:
[E(x(®), )] < p )

for any known positive constant p.

Next, let us recall the following definition.

Definition 1. Suppose vy is a given positive number. A system (1) is said to have an Lo-gain less than
or equal to vy if

/OTf (z(6) - 2(1)) ! (2(t) — 2(0) )t < 72 [ /0 v wT(t)w(t)dt} )

with x(0) = 0, where (z(t) — 2(t)) is the estimated error output, for all Ty > 0 and w(t) € L[0, Ty].

3. Robust H, fuzzy filter design

Without loss of generality, in this section, we assume that u(t) = 0. Let us recall the system
(1) with u(t) = 0 as follows:

Ee(t) = Xy | [Ai+ AAx(t) + By, + BBy Jo() |

2(t) = Xy | [Cr, + ACy Jx(1)| (4)
y()) = Ty | [Co, + AC]x(E) + [Dan, + ADay Ju (1) .

We are now aiming to design a full order dynamic Ho fuzzy filter of the form

Ect(t) = Tioy Kjy fuly | Aij(e)2() + Biy(1)|
2(t) = Thy mCik(t)

2

where £(f) € R" is the filter’s state vector, Z € R° is the estimate of z(t), Aij(s), B; and
Ci are parameters of the filter which are to be determined, and /i; denotes the normalized
time-varying fuzzy weighting functions for each rule (i.e., f; > 0and }_;_; fi; = 1), such that
the inequality (3) holds. Clearly, in real control problems, all of the premise variables are not
necessarily measurable. In this section, we then consider the designing of the robust Hoo fuzzy
filter into two cases as follows.

()
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3.1. Case I-v(t) is available for feedback

The premise variable of the fuzzy model v(t) is available for feedback which implies that y; is
available for feedback. Thus, we can select our filter that depends on y; as follows:

Eck(f) = Ty Koo pani | Agf(€)2(6) + Biy 1) ©
2 = T mCiA(),

Before presenting our next results, the following lemma is recalled.

Lemma 1. Consider the system (4). Given a prescribed Hoo performance -y > 0 and a positive constant
0, if there exist matrices X¢ = XTI, Ye =YT, Bi(e) and Ci(e),i = 1,2,--- 7, satisfying the following
e-dependent linear matrix inequalities:

[?S H >0 @)
Xe >0 t)
Y, >0 )
Y1, (e) < i=1,2,---,r (10)
¥, (e) < i=1,2,---,r (11)
Y11, (e) + ¥11;,(e) < i<j<r (12)
Yoo, (e) + ¥az;,(e) < i<j=sr (13)
where
¥y, (e) = ( (E A+ YeATES + B By B E ) (14)
' YeCT + EC'C] (e)DG]"
oy (6) = (AfE;1X5+XSE;1AijrB( e)Cy, +C2T;3T +CI Gy, (9T > -
’ [XeE; !By, + Bi(e) Doy | 721
with

By, = [6IT0By,0],
T
~ | X T 7 T T T
Gy, = | ¥HL BHL V2rpHT vaaCT |,

D1 =1[000—v2A1]"

Do, = [00 61 Dyy, 1]

i=1j=1

1
2

r r
thQ+ﬁ22[@mj+#mj),

then the prescribed Hoo performance v > 0 is guaranteed. Furthermore, a suitable filter is of the form

(6) with
Az] = E; [Yg Xs] 1Mij(€)Ys_1
Bi = Eg [Yg Xg] 181'(8) (16)
CAi = Ci(e)E; 1Ye !
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where
'/\/ll-].(g) — —AITEgl — XeEglAiYg — [Y;l — Xg] E;lgl’CZng — C}: [Cleg + D1ijYe}

g2 {XSE;H;’L, + [V - X E;léiDZL} BIE:.

Proof: 1t can be shown by employing the same technique used in Ref.[18]-[19]. n

Remark 1. The LMIs given in Lemma 1 may become ill-conditioned when € is sufficiently small, which
is always the case for the descriptor systems. In general, these ill-conditioned LMlIs are very difficult
to solve. Thus, to alleviate these ill-conditioned LMIs, we have the following e-independent well-posed
LMI-based sufficient conditions for the uncertain fuzzy descriptor systems to obtain the prescribed Heo
performance. ]

Theorem 1. Consider the system (4). Given a prescribed Heo performance v > 0 and a positive
constant ¢, if there exist matrices Xo, Yo, By, and Cp, i = 1,2,---,r, satisfying the following
e-independent linear matrix inequalities:

XoE + DX, I

; YoE + DY, | > 0 (17)

EX] = XoE, XD = DXy, XoE+DXg >0 (18)
EY] = YoE, Y{D = DYy, YoE+DYy >0 (19)
Y1, <0, i=12-,r (20)

¥, <0, i=1,2-,r (21)

Y, +¥n, <0, i<j<r (22)

Yoo, + ¥, <0, i<j<r (23)

I0 00
where E = <00>,D— (0[)'

AiYoT—I—YoAiT—F’)’_zBLB{ ()"
T, = <1, otpryT (24)
[YoCy, + Co,Dis] -1
¥ Aj Xg +XoAi + Bo,Cy + Cp By, + GGy, (01 (25)
22; = B 1"
j [XoB1, + Bo, D | B

with
B),=[6I10By, 0],

~ T
Gy, = | ¥HT ¥HI V2rpH] v2ACT |,
Di;=[000 —\/EAI]T,

Dy, = [00 61 Dy, 1]

1
2

r r
and A= (1402} Y ||H3Hy |l + |HHy || |
i=1j=1
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then there exists a sufficiently small € > 0 such that for e € (0,|, the prescribed Hoo performance
v > 01is guaranteed. Furthermore, a suitable filter is of the form (6) with

N _ -1 _
Aij(g) = [Ys 1 XE] MOij (E)Ys !
éi = [Yo_l — Xo] _1801. (26)
i = CO.Yal

1

™

where

Mo, (e) = —A] = XeAYe — [Y; 1 = Xe] BiCy Ye — Cf [Cy Ye + D1pCiYe]
-2 B ~1 A.T5 5T
—7 2 {XeBy, + [V — X] BiDy, | B
X, = {XO +8X}ES and Y, ' = {Y(;l +eNg}Eg 27)
with X = D(XJ — Xo) and Ne = D((v5 )T = 5 !).
Proof: Suppose the inequalities (17)-(19) hold, then the matrices X and Y are of the following
forms:
X1 Xp Y1 Y,
Xo = and Yy =
0 X3 0Ys
with X; = X] >0, X3 =XI >0,Y; =Y >0and Y3 = Y] > 0. Substituting X and Y; into
(27), respectively, we have

. &~ o X1 €X2
X, = {Xo +8X}Eg - <8X2T €X3> (28)
Yyl = {Y‘l + &N, }E = Y —€Y Yy (29)
e 0 e (Le = —S(YﬁlYZY?)_l)T EY?)_l :

Clearly, X = X[, and Y, ! = (Y, 1)T. Knowing the fact that the inverse of a symmetric matrix
is a symmetric matrix, we learn that Y, is a symmetric matrix. Using the matrix inversion
lemma, we can see that

Y, = E;l{yo + sY} (30)

where Y = YN (I + €YyN:) "1 Yy. Employing the Schur complement, one can show that there
exists a sufficiently small € such that for ¢ € (0, ¢], (8)-(9) holds.

el 0 31
<1Y€>>' 1)

By the Schur complement, it is equivalent to showing that

Now, we need to show that

X.— Y. 1> 0. (32)
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Substituting (28) and (29) into the left hand side of (32), we get

Xp -yt e(Xo+ Y YY)
. (33)
X+ Y LY, DT (XYt
The Schur complement of (17) is
X -yt o0
> 0. (34)
0 Xz-Y3!

According to (34), we learn that

Xp—Y'>0 and X3-Y;'>0. (35)

Using (35) and the Schur complement, it can be shown that there exists a sufficiently small
& > 0 such that for e € (0,£], (7) holds.

Next, employing (28), (29) and (30), the controller’s matrices given in (16) can be re-expressed
as follows:

A

Bi(s) = [Y(;l - XQ] Bi +& [Ng - X] 31‘ BO,- + SBgi

(36)

A

Ci(e) = CAiYg + €éiYT Co, + €Ce,.

Substituting (28), (29), (30) and (36) into (14) and (15), and pre-post multiplying by (% ?),

we, respectively, obtain
Tlli]- + ¢11i]. and ‘Pzzi/ + IPZQU (37)

where the e-independent linear matrices Yy, and ¥y, are defined in (24) and (25),
respectively and the e-dependent linear matrices are

AYT+YAT ()T
P11, = — 4T (38)
] el +cInh, | o

AR+ XTA; + B, Gy, + C BL (#)T
¢22ij =& . _ T (39)
[XBy, + B.,Dn)| 0

Note that the e-dependent linear matrices tend to zero when e approaches zero.

Employing (20)-(22) and knowing the fact that for any given negative definite matrix W, there
exists an ¢ > 0 such that W + eI < 0, one can show that there exists a sufficiently small £ > 0
such that for ¢ € (0,£], (10)-(13) hold. Since (7)-(13) hold, using Lemma 1, the inequality (3)
holds. [ ]
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3.2. Case II-v(t) is unavailable for feedback

The fuzzy filter is assumed to be the same as the premise variables of the fuzzy system
model. This actually means that the premise variables of fuzzy system model are assumed
to be measurable. However, in general, it is extremely difficult to derive an accurate fuzzy
system model by imposing that all premise variables are measurable. In this subsection, we
do not impose that condition, we choose the premise variables of the filter to be different from
the premise variables of fuzzy system model of the plant. In here, the premise variables of
the filter are selected to be the estimated premise variables of the plant. In the other words,
the premise variable of the fuzzy model v(f) is unavailable for feedback which implies y;
is unavailable for feedback. Hence, we cannot select our filter which depends on y;. Thus,
we select our filter as (5) where fi; depends on the premise variable of the filter which is
different from p;. Let us re-express the system (1) in terms of fi;, thus the plant’s premise
variable becomes the same as the filter’s premise variable. By doing so, the result given in the
previous case can then be applied here. Note that it can be done by using the same technique
as in subsection. After some manipulation, we get

Eci(t) = Yy fi [[Ai + AA{]x(t) + [By, + ABy Jw(t)
2(t) = iy |Gy, + AC Jx(1)] (40)
y(t) = Ti_y 1 |[Co, + ACy]x(t) + [Dr, + Ay (1)

with

F(x(8), £(8), 1) = [F(x(f),t) (my =) - (pr = fir) F(x(8),8) (1 — ) - F(x(8),8) (pr —
ﬁr)} Note that ||F(x(t), £(t),t)|| < p where p = {30% + 2}%. p is derived by utilizing the
concept of vector norm in the basic system control theory and the fact that y; > 0, fi; > 0,
Yi—iii=land Y fi; = 1.

Note that the above technique is basically employed in order to obtain the plant’s premise
variable to be the same as the filter’s premise variable; e.g. [17]. Now, the premise variable of
the system is the same as the premise variable of the filter, thus we can apply the result given
in Case I. By applying the same technique used in Case I, we have the following theorem.
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Theorem 2. Consider the system (4). Given a prescribed Heo performance v > 0 and a positive
constant 6, if there exist matrices Xo, Yo, By, and Cp, i = 1,2,---,r, satisfying the following
e-independent linear matrix inequalities:

XoE j; DX, VE i DYO% 1)

EX} = XoE, X{D = DXy, XoE+ DX (42)
EY! = YoE, YD = DY,, YoE +DYp (43)
Y, <0, i=1,2---,r (44)

¥, <0, i=12-,r (45)

‘I’n,-j +‘1’11ﬁ <0, i<j<r (46)

Yoo, + Va2, <0, i<j<r (47)

I0 00
where E = (00),D— <OI)’

AYS +YoAT + 97281, B] (+)7
g = Yo€T +cIDL,)" I
[ 0Cq, +Co, 12] -
- <AiTXoT + XpA; + By, Ca, + CIBL + CI &, (+)T )
221” = = ~ T
] [XoB1, + Bo, D2y | —1
with )
B, = [6IT0By, 0],
= 0 1= 0 - - _ T
G, = [ ¥A] PAL V2NA] V2ic] |,
Dip=[000 —\/ﬁi\l}T,
Dy, = [00 61 Dy, 1]

2

r r
and A= (1472 Y || B |l + |BFH ] |
i=1j=1

then there exists a sufficiently small € > 0 such that for e € (0,€|, the prescribed Hoo performance
v > 0 is guaranteed. Furthermore, a suitable filter is of the form (??) with

15, (48)

where

—’)/_2 Xgé]_i + Ye_l — Xg] Bif)Zli} E{
Xe = {Xo+eX [Ee and Y71 = {¥5 ! +eN. [ Ee

with X = D(XJ = Xo) and Ne = D((5 )T = ¥5).



474 Fuzzy Controllers — Recent Advances in Theory and Applications

Proof: It can be shown by employing the same technique used in the proof for Theorem 1. H

4. Example

Consider the tunnel diode circuit shown in Figure 1 where the tunnel diode is characterized

by
ip(t) = 0.01vp (t) 4 0.050% (t).

Assuming that the inductance, L, is the parasitic parameter and letting x1 () = vc(t) and

L ip

ST T

Figure 1. Tunnel diode circuit.

xp(t) =i (t) as the state variables, we have

Ciy(t) = —0.01x1 (t) — 0.05x3 (£) + x2(t)
Lsz(t) = —xl(t) — RXz(t) + O.lZUQ(t)
y(t) = ]x(tg + 0.1w1 ()

t

(t

0 = 50]

(49)

where w(t) is the disturbance noise input, y(f) is the measurement output, z(t) is the state to
be estimated and ] is the sensor matrix. Note that the variables x1 (f) and x,(t) are treated as
the deviation variables (variables deviate from the desired trajectories). The parameters of the
circuit are C = 100 mF, R = 10 £10% Q and L = ¢ H. With these parameters (49) can be

rewritten as 21(t) = —0.1x1(¢) +0.5x3 () + 10x(t)
exp(t) = —x1(t) — (10 + AR)xo(t) + 0.1wy(¢)
y(t) = Jx(t) + 01w (¢)
)

)
- [a0].

(50)

For the sake of simplicity, we will use as few rules as possible. Assuming that |x;(¢)| < 3, the

nonlinear network system (50) can be approximated by the following TS fuzzy model:
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Plant Rule 1: IF xq(¢) is My (xq(¢)) THEN

(
Eex(t) = [A1 + AAq]x(t) + By,w(t), x(0) =0,
z(t) = Cyyx(t),

y(t) = Czlx(t) + DzllZU(t).
Plant Rule 2: IF x1 () is My (x1(t)) THEN
Eex(t) = [Ax + AAs]x(t) + By,w(t), x(0) =0,
z(t) = Cy,x(t),
y(t) = Cp,x(t) + Doy, w(t)

G = {01], Co,=Cp, =], Dyy =[010],

0e¢

Now, by assuming that ||F(x(t),f)|| < p = 1 and since the values of R are uncertain but
bounded within 10% of their nominal values given in (49), we have

00
H, = . = [0

AAy = E(x(t),))Hy,, AAy = E(x(t),1)H,, and E; = {1 0] .

01

Note that the plot of the membership function Rules 1 and 2 is the same as in Figure 2. By
employing the results given in Lemma 1 and the Matlab LMI solver, it is easy to realize that
e < 0.006 for the fuzzy filter designin Case I and & < 0.008 for the fuzzy filter designin CaseII,
the LMIs become ill-conditioned and the Matlab LMI solver yields the error message, “Rank
Deficient". Case I-v(t) are available for feedback

In this case, x1(t) = v(t) is assumed to be available for feedback; for instance, | = [1 0]. This
implies that y; is available for feedback. Using the LMI optimization algorithm and Theorem
1 with e = 100 pH, v = 0.6 and 6 = 1, we obtain the following results:

Ay (e) = —0.0674 —0.3532 Apye) = —0.0674 —0.3532
HAS) =1 30,7181 —4.3834 |” 12\ =1 _30.7181 —4.3834 |’
Ay (e) = —0.0928 —0.3138 Any(e) = —0.0928 —0.3138
210 = 1 34,7355 —3.8964 |’ 22\%) = | _34.7355 —3.8964 |’
5 _ [15835 5, _ [12567
1= 132008 |’ 27 13.8766 |’

C1=[—1.7640 —0.8190 ], Cp = [4.5977 —0.8190].

475
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A

Figure 2. Membership functions for the two fuzzy set.

Hence, the resulting fuzzy filter is

2 2

i=1j=1

where

2

Eet(t) = Y ) winjAi(e)2(t) + Y uiBiy(t)

i=1

A

p1 = Mi(x1(t)) and pp = Mp(x1(t)).

Case II: v(t) are unavailable for feedback

In this case, x1(t) = v(t) is assumed to be unavailable for feedback; for instance, ] = [0 1].
This implies that y; is unavailable for feedback. Using the LMI optimization algorithm and

Theorem 2 with e = 100 uH, v = 0.6 and 6 = 1, we obtain the following results:

1 [ —2.3050 —0.4186 ] N [ —2.3050 —0.4186 ]
Aqq(e) = , App(e) = /
| 323990 —4.4443 | | 323990 —4.4443 |
R [ —2.3549 —0.3748 ] R [ —2.3549 —(0.3748 ]
Api(e) = , Ap(e) = ,
i —32.4539 —3.9044_ i —32.4539 —3.9044_
. —0.3053 . —0.3734
Bl = ’ BZ = 7
3.9938 5.1443

Cy = [4.3913 —0.1406 ],

Cp = [1.9832 —0.1406 |.
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The resulting fuzzy filter is

where

0.3

- Case |
— Caselll

0.25

0.2

0.15

0.1

0.05

Ratio of the filter error energy to the disturbance energy

0 50 100 150 200
Time (sec)

Figure 3. The ratio of the filter error energy to the disturbance noise energy:

Tf 51\ T 5
Joo (z(t)—2(t)) " (z(t) —2(t))dt .
fOTf wT (Hw(t)dt

Remark 2. The ratios of the filter error energy to the disturbance input noise energy are depicted in
Figure 3 when ¢ = 100 uH. The disturbance input signal, w(t), which was used during the simulation
is the rectangular signal (magnitude 0.9 and frequency 0.5 Hz). Figures 4(a) - 4(b), respectively, show
the responses of x1(t) and x,(t) in Cases I and II. Table I shows the performance index -y with different
values of e in Cases I and II. After 50 seconds, the ratio of the filter error energy to the disturbance input
noise energy tends to a constant value which is about 0.02 in Case I and 0.08 in Case 1I. Thus, in Case I
where v = 1/0.02 = 0.141 and in Case II where v = +/0.08 = 0.283, both are less than the prescribed
value 0.6. From Table 9.1, the maximum value of € that guarantees the Ly-gain of the mapping from
the exogenous input noise to the filter error energy being less than 0.6 is 0.30 H, i.e., € € (0,0.30] H in
Case I, and 0.25 H, i.e., ¢ € (0,0.25] H in Case IL. O
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0.3} — %0 1
' - Case I: fuzzy estimated x,(t)
_ _ Case llI: fuzzy estimated X, (t)
0.2 _
<
3 0.1
8
S
>
[0
T O
(2]
o
L
l_
-0.1
-0.2
0 5 10 15
Time (sec)
(a) The histories of x ()
0.06 . .
0.04
0.02
= 0
X
% -0.02F,
@
S —0.04
Q
©
S _0.06F 1
2
~ —-0.08F .
-0.1F — X,(1) :
. Case I: fuzzy estimated x2(t)
-0.12f — - Case II: fuzzy estimated x,(t) |
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Figure 4. The histories of the state variables, x; (t) and x5 (t).
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The performance index y
¢ |Fuzzy Filter in Case I|Fuzzy Filter in Case II
0.0001 0.141 0.283
0.1 0.316 0.509
0.25 0.479 0.596
0.26 0.500 > 0.6
0.30 0.591 > 0.6
0.31 > 0.6 > 0.6

Table 1. The performance index <y of the system with different values of e.

5. Conclusion

The problem of designing a robust H fuzzy e-independent filter for a TS fuzzy descriptor
system with parametric uncertainties has been considered. Sufficient conditions for the
existence of the robust Ho fuzzy filter have been derived in terms of a family of e-independent
LMIs. A numerical simulation example has been also presented to illustrate the theory
development.
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