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ABSTRACT This paper investigates the fault detection problem for two dimensional (2-D) continuous
discrete state-delay Roesser systems in finite frequency domains. Two performance indexes Hs, and H_
are used to measure the fault sensitivity and the disturbance robustness in finite frequency. Based on this,
the fault detection problem is converted into a filtering problem by designing a filter to generate a residual
signal. By the generalized KYP lemma, convex design conditions are obtained, which are expressed in terms
of linear matrix inequalities (LMIs). An example is provided to demonstrate the feasibility and effectiveness

of the proposed method.

INDEX TERMS Finite frequency, fault detection, 2-D continuous discrete systems.

I. INTRODUCTION

During the past decades, fault detection has attracted more
attention and a lot of detection approaches have been pre-
sented. Wherein, one of the main method for fault detec-
tion technology researches is the model-based fault detection
method [1], [2]. The main goal of fault detection is to dis-
tinguish faults from disturbances. It is common to construct
a residual signal by designing fault detection observer or
filter to minimize the influence of disturbances and maxi-
mize the influence of faults simultaneously [3], [4]. Then,
compare the residual signal with a predefined threshold, if
the residual exceeds the threshold, an alarm is generated.
Moreover, in practice, fault usually emerge in the low fre-
quency domain [5], e.g., actuator failures in flight control sys-
tems [6]. The generalized Kalman-Yakubivich-Popov (KYP)
lemma [7], which establishes an equivalence between the
finite frequency condition and LMIs, allows researchers to
better tailor specific frequency and solve the fault detec-
tion problems. For instance, the fault detection problem in
finite frequency for one-dimension (1-D) systems was studied
in [2], [8].
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On the other hand, in recent years, a large attention
has been paid to two-dimension (2-D) systems, which can
be continuous-continuous, discrete-discrete or continuous-
discrete settings. The Roesser state-space model [9] is one of
the most representative one. Based on this model, a number
of methodologies and techniques have been developed for
analysis and synthesis of 2-D system [10]-[13]. Recently,
based on the generalized KYP lemma for 2-D Roesser system
model, the fault detection problem for 2-D systems has been
reported in the literature [14]-[20]. By the generalized KYP
lemma for 2-D discrete Roesser systems in [21], the fault
detection observer and filter design is formulated as a multi-
objective optimization problem in [14]-[16], respectively.
In [17], the problem of fault detection observer design for 2-D
continuous Roesser systems was studied. Similar problem
for 2-D continuous-discrete Roesser systems was discussed
in [20]. More recently, the fault detection observer design
method have been extend to 2-D continuous nonlinear sys-
tems and 2-D T-S fuzzy systems [18], [19].

As we all know, time-delay phenomenon, which usu-
ally cause system instability, is widespread in the practical
engineering. Therefore, the study of time-delay systems
fault detection problem has important theoretical signif-
icance. However, the time-delay phenomenon was not
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considered in [20]. Recentlly, a generalized KYP lemma
for 2-D continuous-discrete state-delay Roesser systems was
given in [22]. Based on this work, in the paper, we focus on
the fault detection filtering for 2-D continuous-discrete state-
delay Roesser systems. This fact motivates the present work.

This paper discuss the fault detection problem for a class
of 2-D continuous-discrete state-delay systems described
by the Roesser model. Different from existing results [20],
the state-delay is considered. Moreover, a fault detection filter
is designed to satisfy a finite-frequency H_ index and a
finite-frequency H, index simultaneously. The remainder of
the paper is organized as follows. The problem statement and
preliminaries are presented in Section 2. Section 3 presents
the main results of the paper, where a finite-frequency fault
detection method is proposed for 2-D continuous-discrete
state-delay Roessor systems. Section 4 gives an exam-
ple to illustrate the effectiveness of the proposed method.
Section 5 concluded this paper.

Notation: Throughout this paper, we use R"™*" C"*"
H™" R, RT and Z* to represent the m x n real matrix
set, complex matrix set, Hermite matrix set, real numbers set,
positive real numbers set and positive integers set, respec-
tively. The superscript T, * denote the real matrix transpose
and the complex matrix transpose, respectively. l_[leo denotes
the Cartesian product of sets A;. (X;) denotes the diagonal
matrix with diagonal entries X1, ..., X,,, where X; could be
numbers or matrices. The symbols 07,4, (+) and 0,,,(-) denote
the spectral norm of a matrix. In addition, He(A) indicates
A + AT, U+ denotes the orthogonal complement of /. I is
the identity matrix with appropriate dimension. o(G, IT) is a
function defined as o(G, I1) := [G* I|II[G* IT*.

Il. PRELIMINARIES AND PROBLEM FORMULATION
In this paper, we consider the 2-D continuous-discrete
state-delay systems with state-space equations

J
710 9 I N B (9] xXp(t — 4, k)
& [xfét, k+ 1)] =4 [xv(t, k)i| +4d |:xv(t, k — ‘L'V):|

Byf (1, k) + Bad (1. k),
_ xp(t, k) xp(t — k)
Y k) =C |:xv(t, k):| +G |:xv(t, k — rv)}
+Dyf (1, k) + Dad(t, k).

where x;(t, k) € R™ and x,(t,k) € R™ are the horizon-
tal state and vertical state, respectively. y(¢, k), f(¢, k) and
d(t, k) are the external output, fault input and disturbance
input vectors. The exogenous disturbance d(t, k) is assumed
energy-bounded in the paper. 7; (! = h, v) are the constant
state delays of the system which satisfying 0 < 77 < 7
and 7, € RT, 1,, T, € Z*. 7; are the upper bound of state-
delays. In the following discussion, unless specifically noted
otherwise, the subscript “I" represents either the subscript &
or v. Matrices A, A; € R™" (n = nj, + n,), By € R,
By e R C, C; e R Dr € R and Dy € R™ >
are system matrices.
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In the paper, we assume the frequency variables wy, of
the fault input f(z, k) and the frequency variables wgy of
disturbance input d(z, k) satisfy w; € Uy and wg, € Uy,
respectively. The frequency ranges U; and Uy, have the
following low frequency range:

Up i={wy : ol <o}, Ugi={owg, @ log | <@g}, (1)
where @y, @y, € RT, @y, wy, € [0, 7.

In this paper, we are interested in designing a fault detec-
tion filter in the following form:

A Az ~ [z A
@) [iatxh(f, 0 } _a [xh(r, k)] T By,

vt k+1) xu(t, k)
k)
y(t7 k) - C [.%V(t, k)] k)

where x;(¢, k) and X,(¢, k) are the system state estimations.
y(t, K) is the output estimation. Matrices A, B and C are the
filter matrices to be determined.
Let r(t, k) = y(t, k) — y(¢, k) represents the residual signal
and
Xt k) = x(t, k) — %(t, k),
Xn(t — T, k) = x5t — Th, k) — Xp(t — 0, k),
Xt k—1) =x(tk—-1) —X(t, k — 1),

Then, we obtain the filtering error dynamic system:
a ~ ~ ~
SN . Exh(tv k) — 1 Xh(t, k) 1 Xh(t — Th, k)
(5) ’ I:'séV(t’ k + 1) A )EV(ta k) + At iv(ta k — Tv)
+Byf (1, k) + Bad (1, k),

= | xRt k) ~ | Xp(t — T, k)
rnh=¢ [iv(r, k)} e [xv(r, k- m}

+Dyf(t, k) + Dyd(t, k),

where
~ A O ~ A; O
_qr| AV _ 7T | A
A=T [BC A1|T”’ A =T [BCr Oi|T,
- B ~ B ~
_ gT| P°f _qT| Pd _
By =T [BDf]’ Bi=T [BDJ’ Dy = Dy,
C=[c -C]T.C=[C: 0]T, Dy =Dy,
Iy, 0 0 0
{0 o011, 0
T = 075 00 &
0 0 0 I,

Let x(t,k) = [x;(t,k) X;(t,k)]" and X, F, D are the
Laplace — Z transform of x(¢, k), f(¢, k) and d (¢, k), respec-
tively. Then, suppose d(t,k) = 0, by the Laplace — Z
transform [12], the transfer function from the fault f (Z’ k)
to residual output r(¢, k) of the error dynamic system (&) is
given by

~ ~ ~ ~ 1= ~
Gy = (C+CeAf) (2 —A—A:Af) Br+Dp,  (3)
where, for wj;, € R, wy, € [0, 7],
Ay = (e_T’jwf712n[>, Qr = diagljwys, oy, ejwf"lznv}.
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Similarly, let f(¢, k) = 0, the transfer function from the
disturbance d(t,k) to residual output r(¢, k) of the error
dynamic system (£) can be written as

~ ~ ~ ~ —1= ~
Gra = (C+ CiAg)(Qu —A—AcAg)” Ba+Da, (4)
where, for g, € R, wg, € [0, 7],
Ag = (e, ), Qq = diagljog,lan,, €° ).

To formulate the fault detection problem, the following two
definitions are needed, which are similar to the definition of
H index in [22] and H_ index in [14].

Definition 1: The Hs, index of the transfer function G,y is
defined as

1Grall3 := sup  omax (Gra), ()

@4 eUdl
where Uy := Uy, x Uy,. Uy, is defined in (1).
Definition 2: The H_ index of the transfer function G,s is
defined as

Ur .
IGIZ" == inf omin(Gyr), (©6)
fy eUfl

where Uy := Uy, x Uy,. Uy, is defined in (1).

Then, the fault detection filter design problem to be
addressed in this paper can be expressed as follows.

Given a system (£) and yy; > 0, yr > 0, the fault
detection observer described by ((‘f ) is defined such that the
error dynamic system (€) satisfies the following conditions:

@) the system &) is asymptotically stable;

() NGyl > vy, ¥ (@p ) € Uy

(i) NGl < va, ¥ (@4, @a,) € Ua.

The following lemmas will be used in the paper.

Lemma 1: (Finsler Lemma) Let x € R", Q € R™" f €
R™™ For all 4+ such that {+{ = 0, the following state-
ments are equivalent.

1) xTOx < 0,VU+x =0,x #0;

2) utout’ <o;

3) weR:Q— uldTU < 0;

4) YV eR™": Q+UY +YTUT <0.

lll. MAIN RESULTS

Before presenting the main results of this paper, we first
present the following conclusions in this section. According
to Theorem 1 and Theorem 2 in [22], for system (&), let
f(t, k) =0, we have the following Corollaries:

Corollary 1: Consider the system (&) with f(¢,s) = 0.
Given finite frequency ranges Uy, and scalars 7, € RT,
7, € Z™, for any delays 7; satisfying 0 < 7; < 7, if there
exist matrixes S = (S;), Z = (Z;), P = (P;), Q = (Q;) € H"
and Z > 0, Q > 0, such that

FITL Fy + diag{TT,, 0} + FTOF, <0, (7

where © is a given symmetric matrix with appropriate
dimension. 1] := T(@l QP +V Q0+ Py ®ZZ>TT,
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M :=®,QS+ 7T (P; ®2Z)T" with T in (2) and

_[AA; By _[c ¢ Dy
=110 0]’F2'_[0 0 1}’
[0 1 10 -1 jo,

®) = ®, = Uy, = h

N B 0]’ v [0 —1}’ " [—jw,j —wh]’

0 P wh, + oy

\IJ = . y w‘+ = ;’

! e 1™ —2cos wv_:| h 2
oy = w]’llw—hzv w‘j = m’ w'v7 = @’

0 < w,, —w,, <2n, &y =diag{ty, 0}, O5:= P,,

Tz -1 =gt gt
. = o= | Pyi= S L
—Ty Ty 7 -7

Then the following finite frequency condition holds:

o
bnl
Il

0(Gyq, ®) <0, Yoy €U, ¥

where G,y is the transfer function from d(¢, k) to y(¢, k).

Corollary 2: The system (€) is asymptotically stable,
if there exist matrices X = (X;), S¢ = (Sy), Z; = (Zy) € H"
with X > 0, S; > 0 and Z; > 0, such that

T
A A, A A,
[1 0] Xl[l 0]+X2<0, ©)

where X} := T(®; @ X + Oy, @ Z;)T T, Xy := O, ®@ S, +
T(D, ®Z)TT with T, @, @, 5, d,, are defined in (2)
and (7).

A. DISTURBANCE ATTENUATION CONDITION
For system (&), let (¢, k) = 0, we have

g, [ ZE(, k) ] _i [iha, k)} A [xha — o, k)]

At k+1) (1, k) otk — 1))
+Byd(t, k),
= xp(t, k) ~ | xp(t — 1, k)
r k) = ¢ |:5cv(t, k):| + G [)?v(t, k— rv)}
+Dyd(t, k),

where A, ;\f, Bd, C, C’, and Dd were given by (2).

Based on Corollary 1, filter design conditions satisfy-
ing disturbance attenuation performance (iii) are derived as
follows.

Theorem 1: Consider the error dynamic system )
Given finite frequency ranges Uy, scalars o; > 0 (i =
l,...,6), 74 > 0and 7, € RY, 7, € Z™, for any delays
7; satisfying 0 < 1, < 7, the error dynamic system (ffd)
satisfies specification (ii), if there exist matrices A, V, Yy, €
Rnxn’ Wdl e Rnxn,7 Wdz c Rnxn_/, Be Rn_vxn’ Ce Rn,xn’
Zdlz’ Sdzz’ szz’ Qd,2 € R™" and symmetric matrices Zdll,
Zd,3 , Sdll , Sa’l3 , Pdll , Pdl3 , le] , le3 € R™" satisfying

Q4 =0, Zg > 0, (10)
diag{E,, ©q} + He(2?) < 0, (11)
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where ©4 = diag{l,,, —y}1,,} and

¢ = diag{Iy, 0} + diag{0, Y4},

d = Z (@ ® (S ) + @, ® (Zp )
I=h,v

My = Z (@ ® (Prd)) + ¥ ® (Or ) + Py ® (Zgd)))
I=h,v
Jp = diag{ly,, 0,,, 1,, 0,

o

Jy = diag{O,,h, Inv» Onh’ In) ,
= [(Pg, ) (Py )} = [(Sd, ) (Sq, )}
P, = 1 20 — 1 20
S P * (Sa,)
= _<Qd11> (Qd12)1| > |:<Zd1 ) (Zd1 )i|
= , Zg = 1 201,
Q=13 a7« ay
__Ydl — Y5 - Wy - Wa,
104 —agV 0 0
¢, x4 ATWy —cT ATW,,
sd _ agq, A agg A -cT 0
Eﬁdl Eglé Adel _CrT AZWdz '
0 . 0 0 0
0 - 0 — I, 0
d d
L= - B§  BiWa — D} B"Wy,

24 = ATV, +0,CTB, ¢ = ATy, + o, CT'B,
>4 = BlYy +DlB, i=1,...,6.

Proof: For the matrix variables Py = (Py,), 0 < Qg =
(Qq;)» Sa = (Sg;) and 0 < Z; = (Zy) with appropriate
dimensions, it is easy to verify

Py =T'PyT, Qi =T"QuT.
Sa =T'SaT, Zs =T ZyT.
Let By := diag{I1y,, 0} 4 diag{0, T14,}, where
Mgy = T(®1 ® Py + W1 ® Qu, + Dy @ Z5) T,
My, = &, Sq + TP, ® Zy )T

_ Denote T := diag{T, T, T}, itis easy to prove that E; =
TTE4T. According to inequation (7), we have

FiT"&TFa +Fp,04F4, <0, (12)
where
A A, By S s =
C C. D
Fo=|1 0 0 ,Fd2=[0 o Id]
07 0

Then, inequality (12) can be written as

T
[Md } Tidiag{E, © )T, [ Ma } <0, (13)

I 4n+ng L 4n+ng

where T; = Tydiag{T", In, 40, ) and

o Ly, 0 0 O

_|A Ar By 10 0 4, 0
Ma = |:6 ér ba’i| > Ta= 0 It 0 0
0 0 0 I,
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Using Lemma 1, condition (13) is equivalent to the exis-
tence of a matrix ) such that

_ - 1
Tidiag{E, ©4)T, + He <[ /\2/1;] y) <0. (14
d
Let Y e RGm)x@ntn+na) pe the following specific
block form:
Yoo Yo, Wi Yy Yoo W2

atV aaV 0 a3V - agV 0 | Tz, (15
o 0 I, 0 -~ 0 0

r

y=T'

where T, = diag{T, 1,,}, T3 = diag{T ,I,,, T, T, 1I,,} and
ageRt i=1,...,6.

Note that, ’7_'1T7_'1 = Iop+n,+ny, pre-and post-
multiplying (14) by 7,7 and 77 and substituting (2) and (15)
into (14) given (11). According to Corollary 1, specifica-
tion (ii) holds if inequations (10) and (11) holds. The proof is
completed.

B. FAULT SENSITIVITY CONDITION
For system (€), let d(t, k) = 0, we have

g - [ D 5at, k) } _i |:5ch(t,k):| LA |:5ch(t — rh,k)}

Xt k+1) X, (t, k) X, (t, k—1)
+Bsf(t. k).
- Xn(t, k) ~ | Xp(t — T3, k)
rit,k) =C [ch(t, k)} + C; [ch(t, k— Tv)i|
+Dsf (2, k),

where A, ;\T, Bf, C, CT and Df were given by (2).

Based on Corollary 1, filter design conditions satisfying
fault sensitivity performance (ii) are derived as follows.

Theorem 2: Consider the error dynamic system (£) with
d(t, k) = 0. Given finite frequency ranges Uy, scalars o;; > 0
i=1,...,6),y >0, B > 0, the vector n with |||, = B
and 7, € R, 7, € Z*, for any delays 7; satisfying 0 < 7; <
77, the error dynamic system (5 ) satisfies specification (ii), if
there exist matrices A, V, Yy, Yp,, Yp, Yy, Vg, Yy € R,
Wy € R, B e RY.C e R"™™". Z; . Sy, . Pp,.. Oy,
€ R™" and symmetric matrices Zfll, Zf,}, Sfll’ szgv Pfll,
Pf,3, Qf,] , Qf,3 € R (I = h, v) satisfying

Qr =0, Zs » 0, (16)
B2 —Cn <0, (17)
diag(Ey, 0} + diag{0, £} + He(2') <0,  (18)

where J; were given by (11) and

o

= diag{l:lf, 0} + diag{0, ?f},

o= Z (@5 ® (SpJ) + D ® (Z4 )
I=hv

= > (91 ® Brdp) + Wy ® Opd)) + 0 ® (Z1)))

I=hv
= [Py Pp)] o [(Sh) (k)
Py = |: *ll (sz>:| , 8= [ ll (Sf:)i| )

VOLUME 8, 2020



W. Qin et al.: Fault Detection for 2-D Continuous-Discrete State-Delayed Systems in Finite Frequency Domains

IEEE Access

- K25 (Qf[2>j| - [( 5 (g >}
= L Z = 1 2 ,
=1 g P @
-c’c c’c -c'c;, 0 -cC'pf
c'c —-p41 c'c, o0 C'Dy
¥ = |-clc clc —CTCr 0 -clpr |,
0 0 0 0 0
T T T T 2
:—ch D{C —Df{C: 0 —D{Df+ I
=Yy o =Y — Wi
—a1V —ag) 0
i S T
El;l e My ATW
s = | oA - agA 0 ,
f f
X5 o Xsg AZWf
o - 0 0
f S T
o - T BfWr

s = ATYf +aiCTB, =f, = ATV, + aiCTB,
EJ;,- = B{Y;+aD[B, i=1,....6.

Proof: For the matrix variables Py = (Pj;), 0 < O =
(O5), S = (Sp) and 0 < Zr = (Zg) with appropriate
dimensions, it is easy to verify

Py = TTPfT, Or = TTQf'T,
Sy = TTSfT, Zs = TTZfT.
Let Ef := diag{Ily,, 0} + diag{0, I1f, }, where
Iy, = T(CDI QPs+V¥ R0 + Py ® Zﬁ)TT,
My, == &, ® Sy + T(P, ®Z;)T".

It is easy to prove that Ef = T7
inequation (7), we have

éf T. According to

Ff (dlag{TT T.0) + F] ofFfz)Ff, <0, (19

where Oy = diag{—1I,,, v} Inf} and
i B
1o o0| . [occ by
Ffl—OI 0 . Fp = |:000 []'
0 0 7/

Define My := [;\ A, Bf] LUt = [M} 1] and

Q= dlag{TT T 0} + Ff2 OrFy,
= 77 (diag(Ey, 0} + diag{0, £})T
where T = diag{T, I, } and
-cTc c'c -c’'c, 0 —CTDy
i cTc -C'¢ C'c¢, o CTpy
¥=|-clc cI'¢ -c’c, 0 — CI'py
0 0 0 0 0
T T & T T, 2
—-D/C DfC —D[C. O —D[Ds+y,

Using Lemma 1, condition (19) is equivalent to the existence
of a matrix ) such that

O + He ([XZT} y> <0. (20)
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Let Y e RGDx6n+m) be the following specific block
form:

_ar | Ya o Y Wrls
y=T |:051V 2 T @D

Let A := ATV, B := BTV, by substituting (2) and (21)
into (20), we have

Q+ TTHe(¥)T < 0. (22)

Note that 777 = Ion+n; . Pre-and post-multiplying (29)
by T gives

diag{Ey, 0} + diag(0, £y} + He(%') < 0. (23)

Let C := CT, for given B > 0 and vector n with
Inll. = B, by inequation (17), we have CTC < B2I. Thus,
inequation (23) holds if inequation (18) holds. According to
Corollary 1, specification (ii) holds. The proof is completed.

C. STABILITY CONDITION
Based on Corollary 2, we have the following asymptotically
stable conditions.

Theorem 3: Consider the error dynamic system (). Given
scalars ; > 0 (i = 1,...,6), 7, € R, 7, € Z7T, for
any delays 7; satisfying 0 < 1, < 7, the error dynamic
system (&) is asymptotically stable, if there exist matrices
AV, Y, € R Zy,, Sq,, Xi, € R™" B € R™*" and
symmetric matrices Z,ll, Z%, S,,l, S%, Xy, X, € RP"
satisfying

X>0, 8>0,27 >0, (24)
8; +He(Z7) <0, (25)

where J; were given by (11) and

E; = diag{I,, 0} + diag{0, Y.},
Tei= ) (0@ Gedd) + @y ® (Zed)).
I=h,v
0, := Z (®1 ® XJ) + Py @ (Z:)))
I=h,v
5 (X)) Xn)] < Sz, ) (S7,)
X = 1 2 s S = 1 2 ,
| * (Xl3>:| ‘ [ * (Sy,)
[ —Y o — Yo 7 . (Zg,) (Zy,)
—arV — gV t *  (Zy) ]’
$To— o Ik 2L =ATY, + oiCTB,
aA eaed T T T
5 .. omr | T4 =ATYs +aclB,
Lo -0 i=1,....6.

Proof: For the matrix variables 0 < X = (X;), S; =
(S¢;) and 0 < Z; = (Z) with appropriate dimensions, it is
easy to verify

X=T'XT, S =T"'87T, Z. =T"Z.T.
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Let B; := diag{I1;,, 0} 4 diag{0, I1,,}, where

My = T(® @ X + O, ® Z )T,
My, == &, ®S; + T(d, ®Z,)T".
It is easy to prove that &, = 7! &,7. According to

inequation (9), we have

A, A
o| 7T, 7|1 0| ~<o. (26)
I 0 7

S~ >

Define M, = [AA.], U+ [MII] and Q :=
TTE,T. Using Lemma 1, condition (26) is equivalent to the
existence of a matrix ) such that

—hy
Q+He<|: }y) < 0. 27)
Mz
Let Y € R@Dx(61 be the following specific block form:
| Yao Y |4
y=T |:a1V gV T. (28)

Let A := ATV, B := BTV, by substituting (2) and (28)
into (27), we have

Q+TTHe(27)T < 0. (29)

Note that 77! = Ig,. Pre-and post-multiplying (29) by
T gives (25). Thus, inequation (26) holds if inequations (24)
and (25) holds. According to Corollary 2, the error dynamic
system &) is asymptotically stable. The proof is completed.

D. DESIGN OF FAULT DETECTION FILTERS

Theorems 1-3 present a group of LMI conditions for the
fault detection filter design. By combining Theorems 1-3, an
algorithm is proposed to obtain the parameters of a desired
filter.

Algorithm 1: Given adjustable parameters «; (I =
1,...,6), weighting factors p, ¢ € R™, which satisfying
p + q = 1, the upper bound of state delay 7; € Z™*, finite
frequency ranges Uy and Uy, B and vector n, solve the
following convex optimization problem

min y = pyg + qyr
s.t. (10, (11), (16), (17), (18), (24), (25).  (30)

Then, the filter parameter matrixes satisfying
A=y B=@BYH C=c.

Remark 1: In Algorithm 1, a much better fault detection
filter can be designed by choosing different adjustable param-
eters; (i=1, ..., 6) for inequations in 1-3. However, up to
now, there is no feasible method for optimizing these param-
eters [23]. Thus, we just choose same adjustable parameters
to simply show the efficacy of «; in the paper.
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E. RESIDUAL EVALUATION FUNCTION AND THRESHOLD
Motivated by [15] and [17], we choose the following residual
evaluation function J,.(¢, k) and the threshold Jy, :

]2 ~
11 ! -
nieky = |z 30 [ d. 6D
tki=Jo

sup J(t, k), (32)
d#0,f=0

Ji =

where J,(z, k) is the residual evaluation function, 7, k are the
horizontal range and the vertical range of evaluation window,
respectively. Jy, is the threshold.The occurrence of faults can
be detected using the following logic rules:

Ji < Jr(t, k) = with faults — alarm,
Jm = J(t, k) = no faults — no alarm. (33)

IV. SIMULAIONS
Considering the 2-D continuous-discrete state-delay Roesser
system in the form of £ with

05 02 ~01 —0.1 0.1
A:[o.s —0.1]A7:[ 0 o0l ]Bd:[o.l]’
0.1
B = [_OJ, c=[13 07]. ¢; =[0.1 0.1].

Dy = 0.7, Df =0.3.

Let p = 0.6, g = 0.4, finite frequency ranges U, = Uy =
[_%9 %]7a1 =25a2=27a3=a4=a5=a6=15ﬁ=29
n=1[1 1]7, state delays 7, = 1 and 7, = 3. By solving the
optimization problem in Algorithm 1 with the Matlab LMI
Toolbox, we can obtain y = 0.0483 and the following fault
detection filter gain

A~ |—1.5148 —0.6655 B —0.1307
~ [-0.0180 —0.1011|" ] 0.0429 |

C =[1.3454  0.6566].

As an example, let the fault input and the disturbance input
be

3.8 (r=10),
t, k)=
AU {0 otherwise,

d(t, k) = 0.2cos(0.3¢) + 0.2sin(0.3k).

40 30

FIGURE 1. The residual evaluation function J,(, k) and the threshold Jz,
in three-dimensional space.
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By (32), we can obtain the threshold J; = 0.1538. The
simulation results are shown in Figs. 1-2. Fig. 1 depicts the
residual evaluation function J,(¢, k) and the threshold Jy, in
three-dimensional space. Figs. 2 depicts the residual evalua-
tion function J, (¢, k) and the threshold Jy;, in two-dimensional
space. It can be seen from Fig. 2 that the fault can be detected
at 10.8.

0 5 10.8 15 20 25 30 35

FIGURE 2. The residual evaluation function J, (t, k) and the threshold J;,
in two-dimensional space.

V. CONCLUSION

In the paper, by the generalized KYP lemma, the finite fre-
quency H_ and H,, indexes have been used to design the
fault detection filters for 2-D continuous-discrete state-delay
Roesser systems. Finite-frequency performance analysis con-
ditions are firstly obtained. Convex filter design conditions
are derived by constructing a hyperplane tangent combined
with matrix inequality techniques. Then, an algorithm is pro-
posed to construct a desired fault detection filter. The effec-
tiveness of the proposed fault detection method is illustrated
by an example. Furthermore, system parametric uncertainties
are frequently encountered in many practical systems and
often a primary source of instability and performance degra-
dation of a control system. Thus, it is a worthiness subject to
study system parametric uncertainties in the future.
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