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Abstract

In this paper, the Ho filtering problem is investigated for a class of nonlinear systems with randomly occurring incomplete
information. The considered incomplete information includes both the sensor saturations and the missing measurements. A
new phenomenon of sensor saturation, namely, randomly occurring sensor saturation (ROSS), is put forward in order to better
reflect the reality in a networked environment such as sensor networks. A novel sensor model is then established to account for
both the ROSS and missing measurement in a unified representation by using two sets of Bernoulli distributed white sequences
with known conditional probabilities. Based on this sensor model, a regional H. filter with a certain ellipsoid constraint is
designed such that the filtering error dynamics is locally mean-square asymptotically stable and the Ho.-norm requirement is
satisfied. Note that the regional l2 gain filtering feature is specifically developed for the random saturation nonlinearity. The
characterization of the desired filter gains is derived in terms of the solution to a convex optimization problem that can be
easily solved by using the semi-definite programme method. Finally, a simulation example is employed to show the effectiveness
of the filtering scheme proposed in this paper.
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1 Introduction

The past few decades have witnessed an ever increasing
research interest in the filtering or state estimation prob-
lems that are fundamental to control and signal process-
ing areas. For example, the renowned Kalman filtering
theory serves as an essential part of the development of
space and military technology [4]. A variety of perfor-
mance requirements have been proposed in the literature
for the filter design, such as the H., specification, the
minimum variance requirement, the distributed collab-
orative behavior and the so-called admissible variance
constraint. For example, the extended Kalman filters
have been designed in [11] for nonlinear deterministic
systems and in [17] for nonlinear stochastic systems. The
robust filtering problems have been extensively studied
in [19,22] for systems with norm-bounded uncertain-
ties and in [9, 15] for uncertain systems with integral
quadratic constraint. The filters with error variance con-
straints have been exploited in [19,22] for systems which
are subject to the noises with known statistics. The hy-
brid filtering problems have been investigated in [24] by
using Markov chain approaches. The optimal filters have
been designed in [1,2] for polynomial systems. Moreover,
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the H., filtering problems have recently received much
research attention by using the linear matrix inequality
(LMI) approach, see e.g. [6,13,16,20].

Most filter design approaches available rely on the ideal
assumption that there is a continuous flow of mea-
surement signals with unlimited amplitudes. However,
perfect communication is not always possible in many
engineering systems especially in a networked environ-
ment. For example, due to sensor temporal failure or
network transmission delay/loss [6,18,19], at certain
time points, the system measurement may contain noise
only, which means the real signal is missing. Filtering
problem with missing measurements has gained consid-
erable research attention and many results have been
reported in the literature, see [12,19]. A common way
for handling the missing measurement is to utilize the
Bernoulli distributed (binary switching) white sequence
specified by a conditional probability distribution in
the output equation. Such kind of “binary” description
has been employed in many papers such as [7,12,19,25]
for filtering problems of linear/nonlinear systems with
probabilistic measurement losses. It is worth mentioning
that, comparing to large amount of results for missing
measurements, the corresponding filter design problem
for signals with limited amplitudes or saturation has
received much less focus of research despite the fact
that sensor saturations occur very often in practical
engineering.

In reality, the obstacles in delivering the high perfor-
mance promises of traditional filter theories are often
due to the physical limitations of system components, of
which the most commonly encountered one stems from
the saturation that occurs in any actuators, sensors, or
certain system components. Saturation brings in nonlin-
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ear characteristics that can severely restrict the amount
of deployable filter scheme. Such a characteristic not
only limits the filtering performance that can otherwise
be achieved without saturation, it may also lead to un-
desirable oscillatory behavior or, even worse, instability.
Therefore, the control problem for systems under actu-
ator /sensor saturations have attracted considerable re-
search interest (see e.g. [3,8,26]) and the related filter-
ing problem has also gained some scattered research at-
tention [21,23]. It should be pointed out that, in almost
all relevant literature, the saturation is implicitly as-
sumed to occur already. However, in networked environ-
ments such as wireless sensor networks, the sensor satu-
ration itself may be subject to random abrupt changes,
for example, random sensor failures leading to inter-
mittent saturation, sensor aging resulting in changeable
saturation level, repairs of partial components, changes
in the interconnections of subsystems, sudden environ-
ment changes, modification of the operating point of a
linearized model of a nonlinear systems, etc. In other
words, the sensor saturations may occur in a probabilis-
tic way and are randomly changeable in terms of their
types and/or intensity. Such a phenomenon of sensor
saturation, namely, randomly occurring sensor satura-
tion (ROSS), has been largely overlooked in the area.
It is, therefore, the main purpose of this paper to bring
the issue of ROSS to the readers’ attention in order to
better reflect the random nature of sensor saturations
in large-scale networked systems such as wireless sensor
networks.

In this paper, we aim to deal with the H, filtering prob-
lem for a class of nonlinear systems with randomly oc-
curring incomplete information. The considered incom-
plete information includes both the sensor saturations
and the missing measurements. A regional H filter with
a certain ellipsoid constraint is designed such that the
filtering error dynamics is locally mean-square asymp-
totically stable and the H..-norm requirement is satis-
fied. Here, the regional l> gain filtering feature is specif-
ically developed for addressing the random saturation
nonlinearity. The characterization of the desired filter
gains is derived in terms of the solution to a convex opti-
mization problem that can be easily solved by using the
semi-definite programme method. A simulation exam-
ple is employed to show the effectiveness of the filtering
scheme proposed. The main novelty lies in three aspects:
1) the phenomenon of ROSS that typically exists in net-
worked environments is put forward for investigation;
2) a novel sensor model is established to take both the
ROSS and missing measurement into account; and 3) a
new notion of domain of attraction in the mean square
sense is introduced and a certain ellipsoid constraint is
imposed on the desired H, filter in the presence of ran-
dom saturation nonlinearity.

Notation The notation used here is fairly standard
except where otherwise stated. R™ denotes the n di-
mensional Euclidean space. ||A|| refers to the norm of

a matrix A defined by ||A|| = y/trace(AT A). The no-
tation X > Y (respectively, X > Y), where X and YV
are real symmetric matrices, means that X — Y is pos-
itive semi-definite (respectively, positive definite). M7T
represents the transpose of the matrix M. I denotes
the identity matrix of compatible dimension. diag{---}
stands for a block-diagonal matrix and the notation

diag, {e} is employed to stand for dlag{o ot E{x}
stands for the expectation of the stochastlc variable .
Prob{-} means the occurrence probability of the event
“”. L([0,00),R™) is the space of square summable
n-dimensional vector-valued functions. In symmetric
block matrices, “x” is used as an ellipsis for terms in-
duced by symmetry. Matrices, if they are not explicitly
specified, are assumed to have compatible dimensions.

2 Problem Formulation and Preliminaries

Consider a nonlinear discrete-time system

Tre1 = f(ar) + Bwy (1)
R = MIk

and m sensors with both saturation and missing mea-
surements

yi = ako(Ciay) + (1 — ab)BiCizy + Divk,  (2)

i = 1,2,...,m, where z;; € R" is the state vector,
zr, € R" is the output vector to be estimated, yi € R
is the measurement received by sensor 4, wy € RP and
U,i € R represent, respectively, the process noise belong-
ing to L2 ([0, 00), RP) and the measurement noise for sen-
sor ¢ belonging to Ls([0,00),R). f : R" — R™ is a con-
tinuously vector-valued function. B, M, C;, and D; are
known matrices with appropriate dimensions.

The saturation function o: R — R is defined as [3,21,23]:
o(v) = sign(v) min{1, |v|} (3)

where the notation of “sign” denotes the signum func-
tion. Note that, without loss of generality, the saturation
level is taken as unity here.

For every i (1 < i < m), ot € R and 8, € R are
Bernoulli distributed white sequences taking values on
0 and 1 with

{Prob{a? =1} = and { Prob{ﬂ}:C =1}=y
Prob{a}, =0} =1—p; Prob{B, =0} =1—-v;’

respectively, where yi;,1; € [0, 1] are known constants.
Throughout the paper, the stochastic variables «;j, and
ﬁ,i are independent mutually in all ¢ (1 < i < m).

Remark 1 The sensor saturation is one of the most im-
portant issues in control community that has received an
increasing amount of research attention, see e.g. [3, 8,
21, 23, 26]. In practical engineering especially networked
control systems, the sensor saturation often occurs in a
probabilistic way due to the random abrupt changes. For
example, it has been shown in [5] that the battery recovery
effect exhibited in wireless sensor networks is subject to
the saturation threshold dependent on the random sens-
ing activities, and a Markov chain model has been estab-
lished to capture the random sensor saturations and fur-
ther study the effectiveness of duty cycling and buffering.
In [10], the problem of distributed average consensus has
been investigated for sensor networks with quantized data



and random link failures leading to random sensor satu-
rations, and the quantizer parameters have then been de-
signed based partially on the desired probability of satura-
tion occurrence. In [14], the transmission of a noisy sig-
nal by sensor devices has been analyzed where the sensor
devices are linear for small inputs and saturate at large
inputs. It has been shown in [14] that large information-
carrying signals can be randomly saturated (distorted) in
their transmission because of the addition of noise.

Remark 2 Another mnetwork-induced phenomenon,
probabilistic missing measurements, is also inevitable in
a networked environment due to the limited bandwidth
of the channels for signal transmission. The newly pro-
posed sensor model (2) is capable of accounting for both
the phenomena in a unified representation. Specifically,
if aj, = 1, it can be seen that the sensor i is subject to
saturation only; if o), = 0 and B;, = 1, it means that the
sensort works normally; if o), = 0 and 8}, = 0, the sensor
i receives the noise only, implying that the information
transmitted from system (1) to sensor i is missing.

Assumption 1 The nonlinear function f satisfies the
following sector-bounded conditions:

[f(z) — Urz]T[f(z) — Usz] <0, VzeR" (4)

where Uy, Uy € R™™ are real matrices of appropriate
dimensions and U = Uy — Us is a symmetric positive
definite matriz.

For notational brevity, we set

T
Uk = [y,i yr ... y;”} Ao, = diag{a,lc,a%,...,a}gn},
T
op| Mg, = diag{BL 8., B},
A, = diag{ui, pa, . . . s Vm }s
- T .
C=cf cf ... ch] D =diag{Dy, Ds,.... D}

U = [v,ﬁ vi

7Mm}7A,@ = dia'g{yl7y27 e

Then, the sensor model (2) can be expressed in the fol-
lowing compact form:

Uk ZAakU(éCL‘k) + (I — Aak)Aﬂkéxk + .Df)k

T
[U(Cla:k) o(Cazy) ... U(mek)}
Here, the notation ¢ has been slightly abused to denote
both the scalar-valued and the vector-valued saturation
functions.

In this paper, a full-order filter is adopted that is of the
following structure:

where o(Cxzy) :=

{fkﬂ = Afir + By 5)

2 = My,
where Z; € R"™ is the state estimate, 25 € R" is an esti-

mate of the output z;, and Ay and By are filter param-
eters to be determined.

T
By introducing a new vector 1, = [azg i:ﬂ and letting

filtering error be Z = 2z — 2, an augmented system is

obtained as follows:
N1 =f () + Ac(CHny,) + Dy,

+ Y (af — pi)Bio(CHny,)
121 (6)
+ 27 (1= a})B — (1~ pi)wi) B:C Hg

3

Zp =My
where
z J (g
Fne) = ) ,
Bf(I — AQ)ABC;EIC + Ary,
_ 0 _ 0 _ B 0
A= < ) Bl = ) = ~ |
B¢\, BtE; 0 B¢D (7)
= ||, H= {Io}, Mz[M —M],
Uk

E; = diag{0,...,0,1,0...,0}.
—— =

i—1 m—1

Denote by 7,,,@ the state trajectory of the augmented
system (6) starting from the initial value 79. The notion
of “domain of attraction in the mean square sense” is
introduced in the following definition.

Definition 1 The set

7= {10 €' : lim B0l =0}
—00

is said to be the mean-square domain of attraction of the
origin of the augmented system (6).

Define an ellipsoid (P, p) as follows:
Q(P,p) ={neR*™ :n" Pn < p}

where P € R2"%2" is a positive definite matrix and p € R
is a positive scalar.

The purpose of this paper is to design an H,, filter of
form (5) for the nonlinear system (1) and the sensors (2)
with incomplete information (ROSSs and missing mea-
surements). More specifically, we are interested in look-
ing for the filter parameters Ay and By and determining
the ellipsoid parameters P and p such that the following
requirements are met simultaneously:

a) The zero-solution of the augmented system (6) with
wg = 0 is locally mean-square asymptotically stable,
and the ellipsoid Q(P,p) is contained in its mean-
square domain of attraction .

b) Under the zero-initial condition, if ny, € Q(P, p) for all
k € [0,00), the filtering error Zj, satisfies

OB <47 llwnl? (8)
k=0 k=0



for all nonzero wy, where v > 0 is a given disturbance
attenuation level.

3 Main Results

Let us start with tackling the saturation function o. Ac-
cording to the definition of the saturation function (3),
it is easily known that the nonlinear function o satisfies
[o(vi) — av;][o(v;) —v;] < 0and |v;]| < a; ' where a; is
a positive scalar satisfying 0 < a; < 1.

Set A = diag{a1, a9, ...,an,} and define

ZL(ACH) ={neR™ :|aq;C;Hn| <1,i=1,2,...,m}.

Then, it can be verified that the diagonal matrix A sat-
isfies

0<A<I 9)
and the nonlinear function o(C Hn) satisfies

[0(CHn) — ACHn|"[o(CHn) — CHn] <0,  (10)

for each n € Z(ACH).

For the convenience of manipulation, in what follows,
the ellipsoid matrix is taken as P = diag{Q1, Q2}. Then,
a sufficient condition is provided in the following theo-
rem which guarantees that the augmented system (6) is
locally mean-square asymptotically stable and the ellip-
soid (P, p) is contained in its mean-square domain of
attraction.

Theorem 1 Let the filter parameters Ay and By
be given. If there exist a positive definite matriz
P = diag{Q1,Q2}, a diagonal matriz A satisfying (9),
and positive scalars p, €1, and €2 such that

Q(P,p) ¢ L(ACH) (11)
and
T —eilUs FTQoBsA, —e2Va
(I) = * Ql — 61[ 0 < 0 (12)
* * ng
where

T = FTQoF — P —1U; — &2V

+> (6 +s)H"CTE;B{ Q2B/E,CH,
=1
Y3 = /_\aB?Q2Bf/_\a

+> (0i +)E:Bf Q2B/E;, (13)
=1
U, =HY(UTU, + UTU)H)2, Vi = HTCTACH,
Uy, =—-H'WUF +Ul)/2, Vo = —HTCT(A+1)/2,
F= [Bf(l —Ao)AC Ap|,  0i= il — ),
6 = (1= pi)vi — (1= pa)*v, G = (1= pi)pavi,

then the zero-solution of the augmented system (6) with
wy, = 0 is locally mean-square asymptotically stable and
the ellipsoid Q (P, p) is contained in the mean-square do-
main of attraction 9.

Proof: Let the Lyapunov function candidate be

V (k) = i P

and the difference of the Lyapunov function be defined
by

AV (ng) = E{V (k1) |k} — V()

By noting P = diag{Q1, @2} together with (7), the dif-
ference of V(ny) along the system (6) with w, = 0 can
be calculated as follows:

E{AV (i)}
=E{V(nry1) — V() }

—E{ {7001 o) + 5l T QaF s
T(C'an)]\ BTQzBf]\aU(C'HWk)

+Z@Z

- Z st HT CT BB} Q2B E;CHuy,

OH’I]k E Bf QQBfEZU(Oan)

+ 2ngFTQ2BanU(Oan) —nf Py,

- 229 (CHm)E;BY Qs By B, Can}

Then, it follows from the inequality
— 20" (CHny)E; Bf Q2B E;C H,
<o"(CHny)E;Bf Q:BfE;o(CHuy,) (14)
+nf H'CTE;B] Q2B E;C Huy,

that E{AV ()} < E{¢T ¢} where

~ T
G=|n{ f(xr) oT(CHm)|

T O FTQ2Ban

o= x @ 0 )
* * ng
Ty =FT'QyF — P (15)

+ (6 + <) H"CTE; B Q2B E,CH,

=1

Ts3 = AaB?QzBan + Z(Qz + Q)EiBngBfEi.
i=1

For each ny, € Q(P, p), it can be obtained from (11) that
e € Z(ACH). Moreover, it follows from (4) and (10)



that

E{AV (nk)}
<E{C} ¢ — er[f(zk) — Urai]" [f (a1) — Uay]

- az[a(éan) - AC’an]T[J(C'an) - C’an]}
=E{C{ B}

From (12), we have E{AV (nx)} < 0 for n # 0, which
means that 7, € Z (see [8] for details). It follows imme-
diately that Q(P, p) C 2, which completes the proof.

Next, we are ready to deal with the regional H., index. In
the following theorem, a sufficient condition is given that
guarantees the local mean-square asymptotical stability
as well as the regional H, performance constraint for
the filtering error dynamics.

Theorem 2 For the given filter parameters A¢ and By,
if there exist a positive definite matriz P = diag{Q1, Q2},
a diagonal matriz A satisfying (9), and positive scalars
p, €1, and €2 such that

Q(P,p) ¢ L(ACH) (16)
and
T, —e1Us FTQoBfA, — Ve FTQoBy
o | * Q1 —e1l 0 Q1B
* * Ts3 AuBfQ2B,
* * * Y as
<0 (17)
where

Y11 =FTQyF + ) (6i +<)H"C"E;Bf Q:B; E,CH
i=1

_P+MTM_€101_52V1, Blz {B 0},

Yu=-—*I+D"PD, B,= [o Bf[)} , (18)

and Uy, Us, V1, Vo, F, and Y33 are defined in (13), then
the zero-solution of the augmented system (6) with wy, =
0 is locally mean-square asymptotically stable with the
ellipsoid Q(P, p) contained in the mean-square domain of
attraction 9, and the filtering error satisfies the regional
Hoo performance requirement (8).

Proof: First, it is easily shown from Theorem 1 that the
zero-solution of the system (6) with @, = 0 is locally
asymptotically stable in the mean square, and the ellip-
soid Q(P, p) is contained in the mean-square domain of
attraction since the inequality (12) is implied by (17).
It remains to show that, under zero-initial condition,
the filtering error Zj satisfies the H., performance con-
straints (8) if ny € Q(P, p) for all k € [0,00). Choosing
the Lyapunov function similar to one in the proof of The-
orem 1 and using the inequality (14), we can calculate

that
E{AV (1)} + B{]|Zx]*} — +*|lwx|?
<E{ 7 (e)Qu (ox) + i FTQaFop + af DT PDug
+ UT(C'an)AaB}ngBf]\aa(C'an) — 0l Py,

+> (i +si)o” (CHni) B Bf Qo By E;o(C Hu,)
i=1

+ zm:(éi + )i H'CTE; Bf Q2B E;C Huy,
1=1
+ 2fT(:c;€)Q1B1wk + 2ngFTQngAa0(éH77k)
+ 20" (CHni) Ao BT Q2 Bowy, + 21 FT Q2 Bywy,
+ g M7 My, — 72||w,€|\2}
=E{¢} V& }
where
&= [nf (@) o (CHu) af]
—Tu 0 FTQ:BsA, FTQyB,

ST 1 0 Q1B
* * T33 AQB?QQBQ ’
x % * Y44

Ty =FIQuF —P+ MM

+ Z(&' + <i)HTC~'TEiB}FQ2BfEiC~'H7
i—1

and Y33 and Y44 are defined in (15) and (18), respec-
tively.

For each n;, € Q(P,p), it can be easily obtained that

e € L (ACH) by noting the inclusion (11). Along the
similar line in the proof of Theorem 1, we have

E{AV (1)} + E{||Zx )1} — vl ow|*
<E{&l 0, — ea[f(wx) — Urap]" [ (1) — s

— sg[o(éan) — AC'an]T[U(C'an) — C’an]}
=E{&) W&}

which, from (17), implies that
E{AV (i)} + E{]|2/1*} — 7*|l@x]* <0

for all nonzero wy. By considering the zero-initial value,
it follows from the above inequality that (8) holds for
each n, € Q(P,p) and k € [0,00). The proof of this
theorem is now complete.

According to the regional H, performance analysis con-
ducted in Theorem 2, a solution to the regional H, fil-
tering problem with both ROSSs and missing measure-
ments is obtained in the following theorem.



Theorem 3 For the nonlinear system (1) and sensors
(2) with both ROSSs and missing measurements, the ad-
dressed regional Ho, filtering problem is solvable if there
exist a positive definite matriz P = diag{Q1,Q2}, a di-
agonal matriz Z = diag{z1, z2, . .., zm }, matrices X and
Y, and positive scalars w, €1, and e such that

0<Z<esl, (19)
—-P ZlHTClT .
<0, 1=1,2,...,m, (20)
* -7

I, Iy 1II3 1Il4
* —Q2 0 0
* * —Qg 0

* * * —QQ

<0, (21)

Y —e Uy HTCT(Z +e50)/2

x* Q1 —e1l 0
I, = | % * —eol
* * *
* * *
0 0
B 0
0 0 ,
2 I+BTQ:B 0
* —2I

— _ 17T ~
H2 = |:F 0 YAa 0 YD:| ) Q2 = dzagm{Q2}7
. T . T
ng{slcﬂoooo} , H4:{00S200} ,
S=—-P+M"'M-eU, —H'C"ZCH,
= T
g, = [\/51 TOEYT . e F ngmYT} :

N T
So = [\/gl + §1E1YT coo A Om T+ CmEmYT} ,
F=|[Y(I - Ra)AsC X|,

and Uy and Uy are defined in (13). Furthermore, if the

LMIs (19)-(21) are feasible, the desired filter and ellip-
soid parameters are given as

Ap=Qy'X, By =Qy'Y,

P = diag{@Q1,Q2}, p= agﬂ'_l. (22)

Proof: Setting Z = €2/, one immediately obtains that
0 < A < I from (19). By using the well-known Schur
Complement Lemma and noting the relation of prr = &3,
the condition (11) is also easily guaranteed by (20). We

now consider the inequality (17). Set

~ T
$1= VB TSEBY .. B T EnBY|
~ T
So = {,/Ql—i-glElB? \/Qm—l—ngmB?} .

Then, based on Theorem 2, we only need to show that
(17) (i.e. ¥ < 0) holds. ¥ can be rewritten as follows:

U =10 + oQoT1L + T3QoITE + MM,Q,IT7

where
—P+MTM—€1[71 —62‘71 —6102
* Q1 —e1l
ﬁl = * *
* *
* *
—e3Va 0 0
0 OB 0
—82] 0 0 5
x —4I+BTQB 0
* * —2T

_ - _ 17T _ - T
fo=[F0BA. 0B,D| , Tu=[00500
ﬁgz[éléﬂoooor.

By using the Schur Complement Lemma again, ¥ < 0
is equivalent to

I MeQ: M3Q2 M4Q-
* —QQ 0 0
* x —Qy 0

* * «  —Qo

<0. (23)

By considering (21) and the relations Z = e, X =
Q2A; and Y = Q2By, (23) is true and then the rest of
the proof follows from Theorem 2 easily.

Remark 3 According to Theorem 3, a regional Hs fil-
ter with an ellipsoid QU(P, p) can be designed for a class
of nonlinear systems subject to both ROSSs and missing
measurements in terms of the solution to a set of LMIs.
As mentioned in [3], in the presence of saturation, it is
difficult to design a controller (or filter) such that the cor-
responding controlled system (or the filtering error sys-
tem) is stable and satisfies a desired Ho performance
requirement in the global sense. A natural yet interesting
issue is, therefore, to enlarge the ellipsoid region Q(P, p)
under the premise that the specified Ho, performance re-
quirement is guaranteed. Such a problem has been well
investigated by using the method of introducing a refer-
ence set, see [3, 8] for more details.



4  An Illustrative Example

Consider a nonlinear discrete-time system described by
(1) with the matrix parameters

T 02 0 0.15
B:{0.50.10.1} , M_lo o1 02]

and the nonlinear function

—0.73317]@ + 0.053327]@ + 0-055173,k
—0.0521  + 0.85x2 1
—0.0521,; — 0.47523 ; + L3,k SBFLk

iV m%,k+m§,k+20

It is not difficult to verify that the above nonlinear func-
tion f satisfies (4) with

flay) =

-0501 0 -09 0 01
Uy=| 0 09 0 |, Ux=|-0108 0
-0.1 0 -0.2 0 0 —=0.75

The concerned sensors with both ROSSs and missing
measurements are modeled by (2) with the following pa-
rameters:

01:{101}, 02:[110}, Di=1, Dy—1.

In this example, the probabilities are taken as p; = 0.7,
pe = 0.6, 1 = 0.7, and vo = 0.75. The disturbance at-
tenuation level is given as v = 1.5. By using the Mat-
lab (with YALMIP 3.0 and SeDuMi 1.1), we solve LMIs
(19)-(21) and then, according to (22), the desired filter
parameters can be designed as

[ 0.2165 0.0014 0.0081
Ay = |—-0.0004 0.1459 —0.0010] ,
| 0.0548 0.0060 0.1954

[ 0.1035 —0.0096
By = | 0.0000 0.0000 |,
| —0.0102 0.0204

and the ellipsoid parameters are given as

P =
[1.0895 —0.0362 —0.3883 0 0 0 |
~0.0362 1.1292 0.0189 0 0 0
~0.3883 0.0189 27617 0 0 0
0 0 0 91896 0.0019 —0.4682
0 0 0 0.0019 4.5653 0.0041
0 0 0 —0.4682 0.0041 5.1266

p = 0.2228.
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In the simulation, the exogenous disturbance inputs are

selected as wy = %ﬁi%), vy = %, and v} =
%. The initial values of the state of the system

T
and its estimate are chosen as xg = [0.3 0.3 0.1} and

T
o = {O 0 O} from the ellipsoid (P, p). Simulation re-

sults are shown in Figs. 1-2, where the filtering errors are
presented. The simulation results have confirmed that
the designed regional H, filter performs very well.
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