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Spatial-Temporal Systems with Sensor Saturations

and Failures
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Abstract

This paper is concerned with the reliable H, filtering problem for a class of stochastic spatial-temporal systems
with sensor saturations and failures. Different from the continuous-spatial temporal systems, the dynamic behaviour
of the system under consideration evolves in a discrete rectangular region. The aim of this paper is to estimate the
system states through the measurements received from a set of sensors located in some specified points. In order to
cater for more realistic signal transmission process, the phenomena of sensor saturations and sensor failures are taken
into account. By using the vector reorganization approach, the spatial-temporal system is first transformed into an
equivalent ordinary differential dynamic system. Then, a filter is constructed and a sufficient condition is obtained
under which the filtering error dynamics is asymptotically stable in probability and the H., performance requirement
is met. Based on the analysis results, the desired reliable H, filter is designed. Finally, an illustrative example is given

to show the effectiveness of the proposed filtering scheme.

Keywords
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systems.

I. INTRODUCTION

The Hy, filtering problem can be briefly described as the design of a filter to estimate the unknown state
by using the available measurements such that the £ gain from the exogenous disturbance to the estimation
error is less than a prescribed level [1]. Different from the well-known Kalman filtering where the statistical
properties of the noise processes are required to be known exactly, in the H, filtering scheme, the disturbance
noises are only assumed to be bounded in energy. Due to such an advantage, in the past years, considerable

This work was supported in part by the the Deanship of Scientific Research (DSR) at King Abdulaziz University in Saudi
Arabia under Grant 16-135-35-HiCi, the National Natural Science Foundation of China under Grants 61329301, 61134009 and
61473076, the Shanghai Rising-Star Program of China under Grant 13QA1400100, the Shu Guang project of Shanghai Municipal
Education Commission and Shanghai Education Development Foundation under Grant 13SG34, the Fundamental Research Funds
for the Central Universities, the DHU Distinguished Young Professor Program, and the Alexander von Humboldt Foundation of

Germany.
® School of Information Science and Technology, Donghua University, Shanghai 200051, China.
® Department of Computer Science, Brunel University London, Uxbridge, Middlesex, UB8 3PH, United Kingdom.
¢ Faculty of Engineering, King Abdulaziz University, Jeddah 21589, Saudi Arabia.
* Corresponding author. Email: shenbodh@gmail.com


https://core.ac.uk/display/30340011?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

SUBMITTED 2

research efforts have been made with respect to H,, filtering problems and various H, filters have been
designed in order to cater for specific engineering issues, see e.g. [2-14]. In the design of H., filters, the
general techniques include the linear matrix inequality approach [2,3,7,9,10,13] and Riccati equation approach
[5,6,11].

It is well known that the characteristics of the available measurements play a key role in the filtering problem.
The measurements are usually received from the sensors placed according to engineering requirements. In
reality, due to physical limitations of the components, sensor saturations often occur. Compared to the
saturation-free case, the nonlinear feature induced by sensor saturation brings in significant difficulties in
designing a filter that can guarantee desired filtering performance. Therefore, in the past decade, the H
filtering problem with sensor saturations has received considerable attention and a number of results have
been reported that have offered different ways to handle the sensor saturation phenomenon, see, e.g., [15-22].
For example, both the sensor saturations and the missing measurements have been considered in [18] and the
H filter has been designed for systems with such phenomena of incomplete information. In [16], the robust
H filtering problem has been investigated for a class of discrete time-varying Markovian jump systems with
randomly occurring nonlinearities and sensor saturations.

Another sensor-related imperfection, sensor failure, is often encountered in real-world systems owing to
unavoidable component aging. When the sensor failure occurs, the dynamic behavior of the filtering error
will not evolve as expected and the overall filtering performance might be seriously degraded. As such, the
reliable filtering problem with sensor failures has emerged as an attractive topic of research. So far, a variety
of reliable H, filters have been proposed to deal with the sensor failures. For example, in [23], a new sensor
failure model with uncertainties has been proposed and a robust and reliable H., filter has been designed for
a class of nonlinear networked control systems by using the T-S fuzzy approach. In [24], an adaptive reliable
H filter has been designed against sensor failures by the aid of the linear matrix inequality approach and
adaptive method. Very recently, a reliable filter has been designed in [25] for a class of discrete-time piecewise
linear systems where both sensor failures and infinite distributed delays are taken into account.

On the other hand, spatial-temporal systems have received increasing research attention because of their
successful applications in practical situations such as wildfire, road traffic and flood. With respect to the fil-
tering problems, there have recently appeared some initial results on the stochastic spatial-temporal systems.
For example, in [26], a robust H filter has been designed for linear stochastic spatial temporal systems with
external disturbance and measurement noise, and the results have been extended in [27] to the nonlinear case
and the nonlinear robust H, filtering problem has been investigated by recurring to the fuzzy interpolation
approach. However, the existing H., filtering methods are only applied to continuous-spatial temporal sys-
tems. For the discrete-spatial temporal systems with or without sensor saturations and failures, to the best
of our knowledge, the corresponding reliable H., filtering problem has not been investigated yet. Indeed, for
stochastic discrete-spatial temporal systems with imperfect sensors, there would be some fundamental diffi-

culties to be overcome in the design of reliable H., filter. For example, how to analyze the complex dynamic
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behavior induced by spatial-temporal nature and how to design the reliable H, filter for such spatial-temporal
systems when the sensors can’t work normally. Therefore, it is the main motivation of this paper to offer
satisfactory answers to these questions by developing an H,, filtering scheme for discrete-spatial temporal
systems with both sensor saturations and failures.

In this paper, the reliable H, filtering problem is investigated for a class of stochastic spatial-temporal
systems with sensor saturations and failures. The dynamic behavior of systems under consideration evolves
in both space and time. In order to estimate the system states in the given rectangular region, some sensors
are located in the specified points. The effects from both the sensor saturations and the sensor failures
are taken into consideration in the information transmission. By using the vector reorganization approach,
the spatial-temporal system is represented by an equivalent ordinary differential dynamic system. For the
obtained ordinary differential dynamic system, a filter is constructed and the H., performance of the filtering
error dynamics is analyzed. With the help of the Lyapunov stability theory, a sufficient condition is derived
under which the filtering error dynamics is asymptotically stable in probability and the H., performance
requirement is satisfied. Based on the obtained sufficient condition, the desired reliable H filter is designed.
Finally, an illustrative example is presented to show the effectiveness of the filtering scheme proposed.

Notation The notation used here is fairly standard except where otherwise stated. R™ and R™*™ denote,
respectively, the n dimensional Euclidean space and the set of all n x m real matrices. ||A|| refers to the norm
of a matrix A defined by ||A| = \/trace(AT A). The notation X > Y (respectively, X > Y), where X and Y
are real symmetric matrices, means that X — Y is positive 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. E{z} stands for the expectation of the stochastic variable z. P{-} means
the occurrence probability of the event “”. L5(]0,00);R™) is the space of square integrable vector-valued
functions. “®” and “o” represent the Kronecker and Hadamard products, respectively. In symmetric block
matrices, “x” is used to denote a term induced by symmetry. Matrices, if they are not explicitly specified, are

assumed to have compatible dimensions.

II. PROBLEM FORMULATION

Stochastic spatial-temporal systems have been studied in [26,27] where the systems are continuous in both
time and space. In this paper, we consider a class of stochastic discrete-spatial temporal systems. Specifically,
let a discrete rectangular region be given as {0,1,2,..., M} x{0,1,2,..., N} and denote by (m, n) the location

of the mth row and nth column in the rectangular region. The system under consideration is of the following
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form:
dwm,n(t) :{H(xm—l-l,n(t) + xm—l,n(t) + xm,n—l—l(t) + wm,n—l(t) - 4xm,n(t))

A 10(0) + D1 (8) = 28m0() + B (t) + Gomn(t) et
+ G () AW (£), (1)
Ymi,n; (t) :U(Cmumxmum (t)) + Dmiynivmiyni (t)v i=1,2,---,1

Zmon(t) =HXpm 0 (1),

where z,, ,(t) € R™ is the state vector at the location (m,n), Ym,n,(t) € R™ is the measurement output

received by the sensor at the location (m;,n;), zmn(t) € R"* is the signal to be estimated at the location
(m,n), vmn(t) € R™ is the external disturbance input at the location (m, n) which belongs to £2([0, 00); R™),

and Wy, »(t) € R is a zero-mean Brownian motion with unit covariance that is used to describe the stochastic
0

noise at the location (m,n). The initial values of states at the inner points are denoted by x, »(0) = x5, ,,.
k, A, B, G, G1, Cy; n;y, Dm;n; and H are known real constant matrices with appropriate dimensions.
The saturation function o(-) is defined as
o(w) = [U(wl) o(w) ... o(wy,) T, Yw € R™ (2)
where o(w;) = sign(w;)min{w;,, |w|;} for i =1,2,--- ,n,. Here, “sign” denotes the signum function and w; is

the saturation level. It is known from [20] that, for the saturation function o(-), there exists scalar 0 < a; < 1

such that the following inequality holds:
[O'(U)Z') — aiwi] [a(wi) - wi] < 0. (3)

Assumption 1: The values of states on the boundary satisfy the Dirichlet boundary condition, i.e., zy, »(t) =
0form=0,Morn=0,N.

Remark 1: Spatial-temporal systems have wide applications in the practical engineering such as ocean or
wind circulation and heat or propagation equations [28]. Spatial-temporal systems are usually characterized
in terms of partial differential equations which are continuous in both time and space. In this paper, we are
concerned with a new model to describe spatial-temporal systems where the dynamic behavior evolving in
space is discrete, which could be more suitable to model digitally transmitted signals in a dynamical way.

Remark 2: 1t is not difficult to see from (1) that the states on the boundary do not follow the dynamic
evolution characterized by (1) and the values of states on the boundary need to be given. Actually, the
boundary condition is of vital importance for the existence of the solution to the spatial-temporal systems. In
this paper, the Dirichlet boundary condition is imposed for the spatial-temporal systems under consideration.
The spatial-temporal systems with other boundary conditions could be dealt with by following the same lines
in this paper.

Reorganize all the state variable @y, ,(t) (m =0,1,--- ,M and n =0,1,--- , N) into the following vector

w(t) = [aZo(t) ..o (1) By () o (0) o2l () () 2y ()] (4)

5
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Introduce an index j defined as j = n(M + 1) + m + 1 and set z(t) = zpn(t). Obviously, x;(t) is
the jth element in the vector given by (4). The index set of boundary points is denoted by J = {j =
nM+1)+m+1m = 0n = 0,1,--- ,Norm = M,n = 0,1,---,Norm = 0,1,--- ,M,n = 0 or
m=20,1,--- ,M,n = N}. Similarly, we can define v(t), 2(t), v;(t), W;(t) and z;(t). Moreover, the [ sensors
fitted in the rectangular region are organized as y(t) = [Yr,, 1, (£) Yoy no(t) Yy (O], Then, the

spatial-temporal system (1) can be transformed into the following ordinary differential dynamic system

dxj(t) :[RFljiL'(t) + AFij(t) + ij(t) + ij(t)]dt + Gl.%'j(t)de(t),
y(t) =o(Ca(t)) + Du(t), (5)
Zj(t) :ij(t)v

where

j—M-2 M-—1 M-1 L—j—M-1
— —~ —~ —~
LO o r, 0...0 I, —-4I, I, 0...0 I, 0"'0,]’ Jjé¢3,
Ty, = v
0, jeJ,
j—1 M-1 L—j—M-1
—~N = —~N -
0.0 21, 1, 0.0 I, 0..0], j¢3,
FQJ'— M
0, j€dJ,
C=[c ¢ ¢/, D=[pi Dy D",
with
Ji—1 Ji—1
Ci=[0...0 Cpmm 0...0, Di=[0...0 Dpn 0...0]
L L
ji:ni(M—i-l)—i-mi—Fl, L:(M+1)(N+1).
Setting
T T
Flz[rlTl rf, ... PITL} ; F2=[F§1 ry, ... rg’L] ;
_ T
A=(IL@rl+ (L@ ATy + 1L B, J:[l 1 ... 1} :

G=I1®G, G =I1,9G, H=I,%H,
W(t) = [Wi)JT W) .. WN(t)JT]T,
we further have the following augmented system
dx(t) =[Az(t) + Gu(t)]dt + Giz(t) o AW (t),
y(t) =o(Cax(t)) + Du(t), (6)
2(t) =Hux(t).
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with the initial condition

2(0) = [(20,0)" - (@h0)" - (@R0)" - (@) (@ )T - (T )T (@)

where 20 = 0 for m = 0,n = 0,1,--- ,N or m = M,n = 0,1,---,Norm = 0,1,--- ,M,n = 0 or

myn
m=0,1,--- ,M,n=N.

In this paper, we aim to estimate all the states in the given rectangular region by employing the available
measurement y(t). When the sensors receive the measurement y(t), the possible sensor failures may occur.

Now, we consider the following model to describe such sensor failures:

vl (t) = Fy(t) (7)

where y/(t) € R™! is the final measurement entering the filter and F' € R™!*™! is the sensor fault matrix

defined by

F = diag{f1, f2, ..., fu,1} (8)

and f; satisfies L < fi<fiforalli=1,2,... Nyl .

For the purpose of manipulation convenience, we rewrite the fault matrix F' as follows
F=Fy+AF, AF<F

where

+F [+ ] £+ Fay
Fy = diag f12f1,f22f2,...,“2 w4
?1—L fz—iQ f”yl_inyl

F = di .
1a‘g 2 ) 2 b b 2

Based on the measurements with sensor failures, the following filter structure is adopted

di(t) =[Az(t) + Lyy/ (t))at, )
9
2(t) =Ha(t),
where #(t) € R" is the state estimate, 2(t) € R"L is an estimate of the output 2(t) and Ly is the parameter
matrix to be determined, #(0) is the initial state.

Setting n(t) = [#7(t) 2T (¢)]T and e(t) = z(t) — 2(t), we have the following filtering error system:

dn(t) =[An(t) + A1o(CZn(t)) + Bu(t)]dt + Byn(t) o dW (t),
e(t) =Cn(t),
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. A0 - 0 - G ~ Gi1 0
= I ) Al = ) B = _| > Bl = )
0 A LiF Ly FD 0 0
()
_ Wt ~ _ _
=[] C=la -m|, z=|1 o
W(t)

Note that the augmented system (10) is a stochastic system due to the existence of stochastic process W (t).
Therefore, we need to introduce the following stochastic stability concept.

Definition 1: [29] The zero solution of the system (10) with v(¢) = 0 is said to be asymptotically stable
in probability if, (i) for any & > 0, lim,g)_oP{sup;>¢ [|n(t)|| > €} = 0 and (ii) for the initial condition 7(0),
P{lime o (1) = 0} = 1.

The reliable H, filtering problem to be investigated can be now stated as follows. For the stochastic
spatial-temporal system (1), we are interested in finding the filter gain matrix Ly such that, for all possible
sensor saturations and sensor failures, the following two requirements are simultaneously satisfied.

1) The zero solution of the system (10) with v(¢) = 0 is asymptotically stable in probability;

2) Under the zero initial condition, the filtering error e(t) satisfies

B[ lePath <22 [ o))t (12)
U ey <o |

for all nonzero v(t), where v > 0 is a given disturbance attenuation level.

Remark 3: In this paper, the vector reorganization approach is employed to transform the spatial-temporal
systems into an equivalent ordinary differential dynamic systems. Such a practice can effectively overcome the
difficulty resulting from the complex dynamic behavior of the spatial-temporal systems and the corresponding

H, filtering problem will be readily solved.

III. MAIN RESULTS

In this section, we first derive a sufficient condition under which the filtering error system (10) is asymptoti-
cally stable in probability in the case of disturbance-free and, simultaneously, the H,, performance constraint
(12) is met. Based on the obtained condition, the design method of the desired reliable H, filter is then
given.

Let us start with tackling the saturation function o. According to the inequality (3), it is easily known that

the nonlinear function o(CZn(t)) satisfies
[0(CZn(t)) = ACZn(#)]" [0(CZn(t) = CZn(t)] < 0 (13)

where A = diag{ai,az,...,an,}-

The following lemma will be used in the proof of our main theorems.

Lemma 1: [30] Let J = J¥, M and N be real matrices of appropriate dimensions with F satisfying
FFT < I. Then J+ MFN 4+ NTFTMT < 0 if and only if there exists a positive scalar ¢ such that
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J+o"MMT + oNTN < 0 or, equivalently,

J M oNT
MT —oI 0 | <o. (14)

oN 0 —ol
The following theorem provides a sufficient condition that the desired filter should satisfy.

Theorem 1: For the given disturbance attenuation level v > 0 and the filter parameter matrix L, the origin
of the system (10) with v(¢) = 0 is asymptotically stable in probability and, under the zero initial condition,
the filtering error e(t) satisfies the Ho, performance constraint (12) for all nonzero exogenous disturbances

v(t) if there exist a positive definite matrix P and a positive scalar €, satisfying
ATP+ PA+BIPB, +CTC — 61Ky PA,—eK, PB
¢ = * —e1l 0 | <0 (15)
* * —2I
where K1 = ZTCTACZ and Ky = —ZTCT(A+1)/2.
Proof:  Choose the Lyapunov function as V(n(t)) = % (¢t)Pn(t). With the help of It6 formula, the

stochastic derivative of V' (n(t)) along the trajectory of system (10) with v(¢) = 0 is obtained as

LV (5(t)) =y (¢)(ATP + PA + BT PBy)y(t) + o™ (CZn(t)) AT Pi(t)

+n" (t)PA1o(CZn(t))
=¢"()d¢(1),
where
B T
C(t) = n"(t) o"(CZn(t)|
5 _ |ATP+PALBIPB PA, (16)
* 0 .

By taking into account (13), it can be obtained that
— — — T — —
LV (n(t)) <¢T(0)B¢(1) — &1 [0(CZn(t)) = ACZn(t)]" [0(CZn(t)) — CZn(1)]
=T (1)),
where
(i) B ATP—I—PA—i-BNfPBl — 1K, PAl — 1Ky
* —61[
Noting that inequality (15) implies $ < 0, we have
LV (n(t)) <0

from which, the asymptotical stability in probability of system (10) with v(¢) = 0 is ensured in terms of the
stochastic Lyapunov stability theory [29].
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In order to show that the filtering error satisfies the H,, performance constraint under the zero initial

condition , we calculate

B [ lewiar - [ oo
—E{ /0 7 [T 0)elt) — 22T (0)00) + LV (n(6)] dt} — B (¢ Pr(ty)
<E{ /0 7 [T (B)e(t) =207 (#)u(t) + LV (1) dt}
:E{ /0 Y T () (ATP + PA+ BT PBy + CTO)W(t) + 207 (t) P Ay (C Zn(t))
+ 257 (t) PBo(t) — fyZUT(t)v(t)]dt}
~E{ /0 v " () we(r)at
where

0 =@ oTCzn) )]

ATP+ PA+B'PB, +CTC PA, PB

(19)
U= . 0 o
* * _,721
Similarly, from (13) and (15), we have
e{ [V lewia) -2 [ olra
SE{ /Otf{fT(t)\Iff(t) — &1 [0(CZn(t)) = ACZn(1)]" [o(CZn(t)) — CZn(t)] }dt} o)

—e{ [ wreyar)
<0.

for all £(t) # 0. Letting ¢y — oo, the Hy performance constraint (12) is immediately obtained. The proof of
Theorem 1 is therefore complete.
|
Remark 4: In the proof of Theorem 1, the It6 formula is used to obtain the derivative of the Lyapunov
function and sector nonlinear description is employed to characterize the sensor saturation. It should be
pointed out that, in the analysis of the H,, performance of the spatial-temporal systems, the major difficulty
results from the complex dynamic behavior induced by spatial-temporal nature. In order to overcome this
difficulty, the vector reorganization approach is exploited to transform the spatial-temporal systems into an
equivalent ordinary differential dynamic systems. This is the main difference between the methods in this
paper and the existing literature and hence the results derived in this paper are not a trivial extension of the

existing ones.
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According to the performance analysis conducted in Theorem 1, a solution to the reliable H., filtering
problem with both sensor saturations and failures is obtained in the following theorem.
Theorem 2: Let the disturbance attenuation level v > 0 be given. For the spatial-temporal system (1) and
sensors with both saturations and failures, the design problem of the reliable H., filter is solvable if there

exist a positive definite matrix P = diag{Q1, @2}, a real matrix Y and positive scalars €1 and 3 such that

== |71 ¥ <o, (21)
* Do
where
[ = ~H"H ~e1CT(A+1)/2 QiG]
_ —HTH ATQQ + QQA_ +HTH Y F, YF()D
=11 = )
* * —e1l 0
L * k % —72_[_ (22)
é :/_XTQl + le‘_l + G;?Qlél + FITFI — €1C_'TAC,
- T
_ o FIyT o o0 _ '
=12 = _ N =99 = dlag{—agf, —EQI}.
0 0 EQI EQD
Moreover, if inequality (21) is feasible, the parameter matrix of the desired filter is given as follows:
Ly=Q;'V. (23)
Proof: Noting P = diag{Q1, Q2} together with (11), we can rewrite ® given in Theorem 1 as follows:
[ = ~HTH —e1CT(A+1)/2 QiG]
o —HTH ATQy+ QA+ HTH Q2L F Q2L FD (24)
* * —81] 0
| x * * —2I |
Now, rewrite F' as the following form
F=Fy+Fy (25)
with x = F~'AF satisfying xx? < I. Then, it follows from (24) and (25) that
® =2y + Ly Ilp + I T? (26)
where
[ 2 —HTH —eCT(A+1))2 QG |
= —HTH ATQy+ QA+ HTH Q2L Fo Q2LsFoD
=11 = )
* * —e1l 0 (27)
| * * * —2T ]

T
—lo FTL,7Q," 0 0} , HQZ[O 0T D].
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By using Lemma 1, it can be obtained that ® < 0 if and only if there exists a positive scalar €2 such that
E1 + e MLILT + eIl I, < 0. (28)

In virtue of Schur Complement Lemma and noting the relation Y = QLy, it is easily seen that (28) is
equivalent to Z < 0. This means that the condition of Theorem 1 is satisfied and the rest of proof can be
obtained directly from Theorem 1. |

Until now, we have analyzed the H., performance for the filtering error system with both sensor saturations
and failures, and obtained a sufficient condition which ensures the asymptotical stability in probability as well
as the H,, performance requirements. In Theorem 2, the design method of the desired reliable H,, filter
has been given. In the next section, we shall illustrate the effectiveness of the proposed filtering scheme by

providing a simulation example.

IV. AN ILLUSTRATIVE EXAMPLE

In this section, a numerical simulation example is given to show the effectiveness of the filtering methods
proposed in this paper.
Given the rectangular region [0, 3] x [0, 3], the parameters of the stochastic spatial-temporal system (1) is

set as follows

6 1 -2 =3 —4 -1
K: b A: ) B: )
05 3 1 5 3 9
0
c=|1, @ = , H:[1 1],
1 0 1

Q

mi,ny — Cl,l - 09 08 5 Dmhnl = Dl’l = 05,

Q

ma,mn2 - 02,1 - 0.7 1:| 3 sz,nQ — D27]_ — 0.9,

Q

ms3,n3 — Cl 2=10.6 0.9}, Dmg,ng - D1,2 = 17

)

Q

mM4,Nn4 - 02,2 - 12 09 9 Dm47n4 - D272 — 03

The sensor fault matrix is assumed to be F' = diag{ f1, f2, f3, f4} satisfying

[,=0<fi<f1=08,
[,=03< fa< fy=009,
f3=03<f3< f3=07,

fi=04<fu<fi=1

Therefore, it is easily obtained that Fy = diag{0.4,0.6,0.5,0.7} and F' = diag{0.4,0.3,0.2,0.3}.
Moreover, the saturation parameters are set as A = diag{0.5,0.6,0.4,0.6}, the disturbance attenuation level

is selected as v = 0.25, the boundary condition is taken as zg(t) = zo3(t) = z30(t) = z33(t) = 0 and the
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initial conditions at the inner points are chosen as

o _,0 _ .0 _ .0 _
T11 =212 = Tg1 = Tog =

[3 « —10x[0.06—0.03m| + ,—30x0.06—0.03n|

2Xxe

12

T
—10x]0.06—0.03m| + ,—30Xx \0.06—0.0371\}

With the above parameters, we solve (21) by using LMI toolbox in Matlab and the filter gain matrix Ly can

be obtained as follows

0 0 0
0 0 0
0.0017 —0.0008 —0.0004
—0.0022 —0.0009 —0.0007
—0.0005 0.0001  —0.0006
—0.0014 —0.0027 —0.0009
0 0 0
0 0 0
0.0017 —0.0008 —0.0004
—0.0022 —0.0009 —0.0007
—0.0105 —0.0037 —0.0094
0.0013  —0.0069  0.0012
0.0230  0.0353  0.0062
—0.0291 —0.0434 —0.0129
0.0032  0.0052  0.0017

Ly =05y = 0.0016  0.0024  0.0014
—0.0006 —0.0010  0.0007
—0.0014 —0.0010 —0.0026
0.0233  0.0113  0.0265
—0.0295 —0.0175 —0.0352
0.0232  0.0392  0.0350
—0.0169 —0.0311 —0.0299
0.0029  0.0045  0.0041
0.0018  0.0025  0.0021

0 0 0

0 0 0
0.0032  0.0022  0.0043
0.0017  0.0019  0.0019
0.0029  0.0045  0.0041
0.0018  0.0025  0.0021

0 0 0
0 0 0

0
0
—0.0061
—0.0019
—0.0066
—0.0033
0
0
—0.0061
—0.0019
0.0405
—0.0781
0.0706
—0.0837
0.0081
0.0099
—0.0066
—0.0033
0.0721
—0.0853
0.1698
—0.1353
0.0153
0.0100
0
0
0.0082
0.0100
0.0153
0.0100
0
0
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e—O.2t—0.003m

In the simulation, the external disturbance is taken as vy, ,(t) = sin(0.2t) x and the sensor

fault matrix is chosen as F' = diag{0.75,0.8,0.6,0.9}. The simulation results are shown in Figs. 1-8. Figs. 1-4
plot the actual system outputs and their outputs at all inner points. Figs. 5-8 depict the their filtering errors.

The simulation results have demonstrated the effectiveness of the proposed reliable H, filter.

V. CONCLUSIONS

In this paper, we have studied the reliable H, filtering problem for a class of stochastic spatial-temporal
systems with sensor saturations and failures. The dynamic behavior of systems under consideration evolves in
both space and time. In order to handle the sensor failures, a reliable H, filtering scheme has been proposed for
the stochastic spatial-temporal system. By using the vector reorganization approach and Lyapunov stability
theory, a sufficient condition has been derived under which the filtering error dynamics is asymptotically
stable in probability and the H,, performance requirement is satisfied. Then, the design method of the
desired reliable H., filter has been given. Finally, a simulation example has been presented to show the

effectiveness of the filtering scheme proposed.
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