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Abstract This paper deals with the problem of fault detection
for discrete-time Markovian jump linear systems (MJLS). Using
an observer-based fault detection filter (FDF) as a residual gen-
erator, the design of the FDF is formulated as an optimization
problem for maximizing stochastic H_/Ho or Ho /Hoo perfor-
mance index. With the aid of an operator optimization method,
it is shown that a unified optimal solution can be derived by solv-
ing a coupled Riccati equation. Numerical examples are given
to show the effectiveness of the proposed method.
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During the past three decades, research on observer-
based robust fault detection and isolation (FDI) has re-
ceived much attention® 7). In reviewing of the develop-
ment of FDI techniques, there are two main approaches
which are widely used for linear time-invariant (LTI) sys-
tems with Lo-norm bounded unknown inputs and faults.
One is the Ho, filtering scheme which ensures a prescribed
bound on the L2-induced gain from the disturbance to the
error between the fault and the residual®® '?!. The other
one is the Ho, optimization scheme which involves solv-
ing a two-objective optimization problem. In [13], a uni-
fied Ho optimization solution is given in the framework
of maximizing H_/Hs and Heo/Hoso performance indices
by coprime factorization approach, and in [14—15] this uni-
fied approach has been extended to linear continuous time-
varying (LCTV) systems and linear discrete time-varying
(LDTV) systems, respectively. In [16], a finite horizon
H_/Hy and Ho/Hoo FDI formulation is proposed for
LDTYV systems and an optimal solution is derived by solv-
ing a Riccati equation.

On the other hand, Markovian jump systems are ap-
propriate to model different plants subject to component
failures, sudden environment disturbances, abrupt changes
in subsystems interconnections, incomplete information in
communication channel and random delays. The problems
of control and filtering for Markovian jump linear systems
(MJLS) have been deeply investigated 722, With the in-
creasing demands for system safety and reliability, it is of
significance to study the problem of FDI for MJLS. In [23],
the problem of fault detection for MJLS is formulated into a
two-object optimization problem and a numerical solution
is given via iterative linear matrix inequality (LMI) algo-
rithms. Later, the H filtering scheme together with LMI
technique is applied in [24], and the same idea has also been
extended to the fault detection problem for various systems
with Markovian jump characteristic. For example, for net-
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worked control systems, [25—27] model the systems with
packet dropouts and time-delay as MJLS and observer-
based Hoo-FDFs are designed, while in [28] fault detec-
tion for discrete-time MJLS with partially known transi-
tion probabilities is concerned. Recently, in [29—30], an
H o fault isolation algorithm is addressed based on the geo-
metric approach for both continuous-time and discrete-time
MJLS, respectively. Notice that although there exist some
results on fault detection of discrete-time systems such as
the Krein space based Ho filtering method, the coprime
factorization based optimization approach or the matrix
norm optimization based approach[m’ 15716], the problem
of optimal fault detection for MJLS could not be handled
by direct application of the existing results due to the fact
that MJLS is intrinsically stochastic and mode-dependent.
To authors’ best knowledge, the problem of optimal fault
detection for discrete-time MJLS in the Ho optimization
scheme has not been published in the open literature and
the research remains significant and challenging, which mo-
tivates our present study.

In this paper, the problem of optimal fault detection for
discrete-time MJLS will be investigated. By constructing
an observer-based FDF and defining input-output oper-
ators that map from fault and unknown input to resid-
ual, the problem of designing optimal FDF for discrete-
time MJLS is formulated in the framework of optimizing
H_/Hy or Hs/Ho performance index. A new adjoint
operator based optimization scheme is proposed for solving
the aforementioned optimization problem and an analytical
unified optimal solution is obtained by solving a coupled
Riccati equation. Numerical examples are given to show
the effectiveness of the proposed method.

Notations. R"™ means the n-dimensional Euclidean
space. I and 0 denote identity matrix and zero matrix
with appropriate dimensions, respectively. X > 0 (X < 0)
denotes X is positive (negative) definite. E{d(k)} means
the mathematical expectation of ¥(k). [le(k)|l2 stands
for the deterministic lo-norm of e(k) with |a(k)||3 =

S at (k)a(k), while |[¢(k)|2,e for the stochastic case
with [C(R)[3e = B{C20¢T (RC(R)}.  (u(k),s(k)) =
E{Z52 ouT (k)s(k)} gives the definition of the inner product
for vector p(k) and ¢(k) with appropriate dimensions.

1 Problem formulation
Consider the following discrete-time MJLS:

z(k+ 1) = A(0(k))z (k) + B(0(k))u(k) +
Ba(0(k))d(k) + By (6(k))f (k)

y(k) = C(0(K))z(k) + Da(0(k))d(k) + (1)
Dy (6(k))f (k)

z(0) =0, 6(0) = io

where z(k) € R", u(k) € R"™, y(k) € R", d(k) € R"¢
and f(k) € R™ denote the state, control input, measure-
ment output, unknown input and fault to be detected, re-
spectively; f(k) and d(k) are l2-norm bounded. {6(k)} is a
discrete-time homogeneous Markov chain taking values in
a finite set Q = {1,2,--- , N} with transition probability
matrix A = [Ai;]i,jeq, where A;; is defined as

Aoy = Pr{6(k + 1) = j{6(k) = i}

with > Aij = 1. Denote by Ai, Bi, Bai, Bpi, Ci
Dg; and Dy; the values of A(6(k)), B(6(k)), Ba(0(k)),
Bs(6(k)), C(0(k)), Da(0(k)) and Ds(6(k)), respectively, for
0(k) =i € Q. Ai, Bs, Bai, Byi, Ci, Dg; and Dy; are known
constant matrices with appropriate dimensions.

For system (1), the following definition is first intro-
duced.
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Definition 117, System (1) with u(k) = 0, d(k) = 0

and f(k) = 0 is mean square stable if
E{Ha:(lc)HQ} —0 as k— o0

for any initial condition zo and initial distribution ip € 2.

The core of fault detection is to generate a residual which
is robust to disturbance and sensitive to fault. For this
purpose, an observer-based FDF can be considered as a
residual generator. In order to guarantee the mean square
stability of the proposed FDF, the following assumptions
are used throughout this paper“gl

A1l. (AT,CT) is mean square stabilizable;

A2. (Bgr,Ar) is mean square detectable, where

A= (A1, -, An), C=(C1, - ,Cn)
Api = AT — CF (D4 DY) ' Dyi By
Bri == (I — Dg;(Da;Dg;) " Dai) B
Ar = (ARr1,-+- ,ArnN), Br = (Bri1, -+ ,BrnN)

A3. The instantaneous value of mode 6(k) is available
in real time.

Remark 1. When BdiDgi = 0, the assumption that
(Br, Ar) is mean square detectable can be simplified
into (B4, A) is mean square detectable, where By =
(Bg1, -+ ,Ban). It should be noticed that the duality of
stabilizable and detectable in the deterministic case can
not be directly extended to MJLS. We refer to [19] for the
definitions and duality of stabilizable and detectable for
MJLS.

In this paper, the following observer-based FDF is con-
sidered for MJLS (1)

z(k+1) = A(0(k))z(k) + B(O(k))u(k) +
L(0(k))(y(k) — C(0(K))2(k)) (2)

r(k) = V(0(k))(y(k) — C(0(k))z(k))
where Z(k) € R" is an estimate of z(k), r(k) € R" is the
generated residual, L(0(k)) is the observer gain matrix and
V(6(k)) is the (regular) post-filter to be determined.

By defining e(k) = z(k) — &(k), it follows from (1) and
(2) that the filtering error dynamics can be obtained as
below

(k)
)z

e(k+1) = (A(0(k)) — L(O(k))C(0(k)))e(k) +
(Ba(0(k)) — L(6(K))Da(0(k)))d(k) +
(Bg(0(k)) — L(0(k)) Dy (0(k))) f () ®3)
r(k) = V(0(k))(C(0(k))e(k)+Da(0(k))d(k) +

Recalling that system (1) is linear and the input signals
and output signals of system (1) are defined in the same

ﬁeld[31], an operator that maps f — r and an operator that
maps d — r can be defined, respectively, which means that

(k) = Grsf(K), ra(k) = Grad(k)

where ’l"f(k) = r(k)‘d(k):()y ’I‘d(k) = ’I‘(k)|f(k):0.
Define
llr 7 (k)13
1Grslloo = =
feta, Iflazo IF(R)IE
llra(k)|3,e
[Gralls = sup ==
dela, ||d||2#0 ||d(/€)||%
llr s (k)I13,
Grsll- .

F®I3

in
f6l2, [Ifll270

Similar to the deterministic cases in [14—16], the sensitivity
of residual to fault can be evaluated by ||Grfl|oo OF ||Grg|l—,
while the robustness of residual to unknown input can be
evaluated by ||Grallco. Furthermore, ||Grfllco and ||Grsll-
represents the best and the worst sensitivity criteria of fault
detection, respectively.

Based on the definitions above, the FDF design problem
can be formulated as: find a suitable observer gain matrix
L(0(k)) and a regular post-filter V(6(k)) such that system
(3) is mean square stable and satisfies the following perfor-
mance:

l|Grsll o

m
L(6(K)),V(0(K) ||Grd|lso

Grsll-

L(6(K)),V(8(K)) ||Grd|loo

(4)

Remark 2. The proposed performance index
1Grslloe/IGralioe oF [Grll-/lGralloc which is slightly
different from the LTI case can be seen as a stochastic
version of Hoo/Hs or H_/Ho performance for LTV
systems. However, there exists no explicit coprime
factorization realization for MJLS and the equivalence of
the norm between generalized transfer function matrix
and input-output operator does not hold for MJLS, which
indicates that the existing technique in [14] or [16] cannot
be applied to MJLS directly. To solve the aforementioned
problem, an adjoint operator based optimization method
will be proposed and a mode-dependent optimal FDF will
be derived.

2 Main results

Before deriving the main results of this paper, the follow-
ing definitions and lemmas which play the key role should
be given.

Definition 2%, Let G, denotes an operator or a sys-
tem mapping from lz-norm bounded space Si to l2-norm
bounded space S2. An operator G3 is said to be the adjoint
operator of G from space Sz to St if (Gsp,¢) = (u, GTS)
for all p € S; and ¢ € Sa.

Definition 3%, Let G, denotes an operator or a sys-
tem mapping from l2-norm bounded input space Si to la-
norm bounded output space S2, then G5 is co-isometric if
IG5 e(k)|ls, = |lp(k)|ls,. Here, || - ||s denotes the l>-norm
of a signal defined in space S.

Lemma 1. Consider the following residual generators:

" (k + 1) = A(0(k))2™ (k) + B(O(k))u(k) +
L™(0(k)(y(k) — C(0(k))&™ (k)
(k) = V™ (0(k)(y(k) — C(O(K)2™ (k)), m = 1,2

where L™(0(k)) is the observer gain matrix such that
A(O(k)) — L™(0(k))C(0(k)) is mean square stable and
V™(6(k)) is the post-filter. Then

(k) = Qr' (k) ()

where @ is an operator that maps r*(k) — 72(k).

Proof. The proof can be readily derived by applying
Lemma 1 in [16] to MJLS. In fact, for the following residual
generators

™ (k + 1) = A(0(k)&™ (k) + B(0(k))u(k) +
L™(0(k))(y(k) — C(0(k))z™ (k)
e™ (k) = y(k) — C(O(k)E™(k), m = 1,2

where L™ (0(k)) is the observer gain matrix that ensures
the mean square stability of A(0(k)) — L™ (6(k))C(0(k)),
an operator Q. that guarantees £2(k) = Q.e'(k) exists,
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which can be realized by the following MJLS: ie.
Nk + 1) = (A(B(k)) — L*(6(k))C(8(k))n(k) + S EqraT (K)[Ce(0(K)) kf ®(k, 1+ 1)Be(0(1)d(1)+
{ (L (0(k)) — L2 (000w k) (6) i e =
9 (k) = C(0(k)n(k) +v(k), n(0)=0 De(9(k))d(k)]} =
k—1
Since V(6(k)) is regular, i.e., there exists V(6(k)) such ZOE{ %[(@T(k,l+1)C;F(0(k))rd(k)) Be(0(1))d(1)]+
that k=0 \i=
) VEOK)V(O(k) =1 rdT(k)De(G(k))d(k)} =
where V' (6(k)) denotes the left-inverse of V(6(k)), then kZ::OE{dT(k)Bg(O(k))l:zk:H‘I)T(l,k DO EWIrald) +
we have: dT(k)D;F(g(k))rd(k)} _
r(k) = V2(0()e>(k) = V2 (0(k)) Qo (k) = Bl 4T >} - E{ > dT(k)da(k)}
VE(O(k))Qe (V' (8(k)) " (k) "o =

Thus, @ can be represented as

n(k+1) = (A(6(k)) — L*(0
L'((0(k)) — (
r?(k) = V(0 (k)

n(0) =0

(k)C
L2(0(k))) (V' (0
)CO(k)(k) + (V

Lemma 2. For system (3), consider the operator Grq
that maps d(k) — r4(k) which is realized by the following
discrete-time MJLS:

e(k+1)=Ae(9(k))e( ) + Be(0(k))d ( )
ra(k) = Ce(0(k))e(k) + De(6(k))d(k) (8)
e(0) = 0, 6(0) = i

where Ac(0(k)) = A(0(k)) — L(0(k))C(0(k)), Be(0(k)) =
B(0(k)) — L(0(k))Da(6(k)), Ce(0(k)) = V(0(k))C(0(k)),
D.(0(k)) =V (0(k))Da(0(k)). Let Gry be the adjoint oper-
ator of Grq. If there exists a semi-positive definite matrix

P; > 0 satisfying the following equations:

BE»;DETZ- +4 AeiRvC;E- =0 (9)

BeiBeT;; + AeipeiA;'r =P,
DeiD} 4+ Cei PCYL =1

where
Pi=Y " X\iP
j=1

then Grq is co-isometric.
Proof. From (8), we know that

Ce(0(k)) E::O O (k, 1+ 1)B:(0(1))d(l) +
ra(k) = D.(0(k))d(k), 0 < k < oo (10)
D.(6(0))d(0), k=0

where ®(k,!) is the transition matrix defined by

AEGk—l Aeakj—Q Aeel,Olk
<I>(k7l):{j’(§€:l)) (6(k—2)--Ac(6(1)), 0 <l <

Let Gryd(k) = da(k). Applying the same idea in [33]
based on Definition 2, we have:

(Grad(1),7a4)) = (), Grarali) = B{ & d" ().

then, d, (k) can be chosen as

da(k) = BZ(0(k)) lzil T (L, k+1)CS(0())ra(l) +

D¢ (0(k))ra(k)

In the following, let

[e’s}

T (1, k+1)CT(0())ra(l)

then the state-space representation of G, can be obtained
as

a(k — 1) = A (0(k))za (k) +CC (0(k))ra(k)
da((k))I BOZ(Q( ))aa(k)+De (0(k))ra(k)
Ty (O0O) =

(11)

For system (11), when (k) = p and 6(k — 1) = g, define

V(za(k),0(k)) = 24 (k) Ppa(k), Pp >0

‘We have:
{ZdT } B{ $ afd.0) +
V(@a(k — 1), 00k = 1)) = V(@a(k), 00k)) } +
xa( ) sza( )_za(_l) P9( l)xa(_l):

e (12)
E{ S &f (k)(Bep B, + Aeyp P, AT,

Pp)za(k) +
(k) +

2zaT(k)(B DI, + APy CeTp)rd
a7 (Dep DY, + CEPPPC;FP)rd(k)}

where Py(_1) =0 and P, = 25:1 Apq Py.
From (12) and Definition 3, if ||da|3.5 = ||Grgrals.e =
Irall3 g, i-e., the following equations hold:

BepBY, + Ay P, AL, = P,
BepDep + Acp Py C;f,, =0 (13)
DepDl, + CepP,CL =1

then Grq is co-isometric. Relabel p =14 and ¢ = j, and then
(13) turns to (9). O
Remark 3. The representation of G, is not unique. In
arriving d (k) above, we have utilized the fact that for
V p and ¢ with appropriate dimensions, a sufficient condi-
tion that E{u} = E{c} holds, if g = ¢, which is different
from the result by the Dirac function approach in [19].
Based on Lemmas 1 and 2, we are now in position to
give the main result of this paper.
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Theorem 1. Under Assumptions Al and A2 are ful-
filled, the following matrix pair:

Lo,i = (BdlD;FZ + AZPOVZCZT)(DdZDdTZ + CZ'PO,Z‘C;F)71 (14)

Vo,i = (DdiD:{i + Cipo,ic;r)_% (15)

with B
Rq,; = Da;Dg; + Cz'Po,iCzT >0

gives an optimal solution to the FDF design problem, where

N
P, = Z Aij Po,j
j=1

is the solution of the following coupled Riccati equation:

P, ;=AiP, ;A + Ba; By, — (Ba; Dg;+ A; Py i CF) x

(DdiD}i+C¢Poyic,;r)71(BdiD3i+Aipo,iC?)T (16)

Proof. Let r,(k) be the optimal generated residual for
the FDF design problem. Since system (3) is linear, by
applying Lemma 1, we know that there exists an operator
Q- such that

r(k) =rs(k) +ra(k) = Gryf(k) + Grad(k) =
Qr"'o(k) = Qr(ro,f( ) +7, d(k))

where 7o (k) = ro(k)|agk)=0 and roa(k) = ro(k)|fk)=0
which shows that

ra(k) = Qrroa(k)

On the other hand, consider the operator G, that maps

d — r in system (3) , we have:
70,d(k) = Gra,0d(k)
where Gra,o = GrdlL;=L,,;,v;=Vv, ;, which concludes that
Grd = QrGrd,o
Similarly, we have:
Grf = QrGrio
where Grf.o = GrflL, =Ly, Vi=V, ;-
Hence,
1Grslloe _ 1QeGrrollc
[Gralloe  [|@rGrd,olloo

According to Lemma 2, we know that if the following
equations hold
Po,i = (Bai — LoiDai)(Bai — LoiDai)" + (17)
(Ai—Lo,iCi)Poi(Ai — LoiCi)T

(Bai — Lo,iDai) D4 V.5 + (Ai — LoiCi) Py i CF VL5 = 0 (18)
Vo,i(DdiD:{i + Cipo,ic;r)vo‘?i =1 (19)

then, G,q4 is co-isometric.
Thus, according to Theorem 4.5-2 in [31] and Definition
2, we have that

(da(k),da(k))

1Gralloc = l|Grallce = sup TraEe

"3 .
<(Qrgrd,o)N"'d(/f)a(Qrg'rd,o) rd(k» _
lra(k)I13,5

<’rd(k)7 QTg‘I'd,Og':i,oQ:rd(k»
lra(k)II3 &

sup

= [@rlle

and the following inequality immediately establishes

[Grslloo _ 1QrGrsolloe o 1Qrlloo - 19rs .0l
[Gralloc HQrgrdoHoo 1@rlloo

which gives the optimal value of maximizing the perfor-

mance index ||Gr¢||oo/||Grd |-
Furthermore, by solving (19), V, ; can be derived as

= 1Grs.0lloo

_ _1
Voi = (DdiDg:L + OiPo,iCzT) 2

Substitute V,; into (18), Lo can be obtained as

Lo = (BdiD:iFi + Aipo,iC;r)(DdiD:{i + Cipo,iC;r)_l

Finally, with the aid of L, ; and V, ;, (17) converts to the
coupled Riccati equation (16). From [34], we know that if
the assumptions Al and A2 are satisfied, (16) has a positive
semi-definite stabilizing solution P, = (Po,1,- -, Pon).
Moreover, due to Theorem 3.1 in [35], one can conclude
that when the stabilizing solution exists, system (3) is mean
square stable.

Following the same idea, we can prove that

1Grsll= _ 1QrGrsoll- _ 1@rllocllGrsoll-
||grdHoo HQ’I‘grdo”oo HQrH

i.e., the matrix pair of (Lo, Vo,:) is also an optimal solu-
tion to maximizing the performance index ||Gr¢||— /||Grall oo,
which completes the proof.

Remark 4. It is worth mentioning that the optimal
solution to problem (4) is not unique. For any real constant
3, we have:

18Grslloe _ [|Grslloo [18Grsll= _ Grsll-
HﬁgrdHOO ||grdH00 Hﬁgrd”OO ||grdH°°

which implies that the matrix pair (Lo, 3Vo,:) is also an
optimal solution to (4). For solving the coupled Riccati

equation (16), there exist many computational algorithms,
[36—37]

= 1Grs.0

see for example and references therein.

Remark 5. Note that if the set {2 contains only one
mode, the results in this paper will coincide with the one
given in [15—16, 38] for the infinite horizon case, while if
Ai, Bi, Bai, Byi, Ci, Dg; and Dy; are time-varying deter-
ministic matrices, our results will be identical with the one
in [15—16] by choosing V(k) = =T (k) P(k)z. (k).

Remark 6. With different problem formulations,
the existing results in [23,25] can solve a two-objective
Ho/Hoo FD problem which should generally be realized
by solving two Hs.-type Riccati inequalities while the pro-
posed theorem gives a unified solution to both H_/Hs, and
Ho/Ho FD problems and only needs to solve one Ha-type
Riccati equation. Meanwhile, our solution is analytical and
independent from the fault distribution matrices By (0(k))
and Dy (0(k)), which is computationally simple.

3 Numerical examples

Example 1. To illustrate the effectiveness of the pro-
posed method, a classical economic system proposed in [39]
will be considered in the following difference equation form
(For more details, please refer to [28,40—41] and the refer-
ence therein)

CF =cY1

Jt = w(thl — Yt72) (20)
=CP+J:+G”

where CF is the consumption expenditure, Y is national
income, J is induced private investment, G¥ is government
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expenditure, ¢ is marginal propensity to consume, w is the
accelerator coefficient, and ¢ is the subscript for time with
t = kT = k(T = 1). From (20), by defining z(k + 1) =
[1(k+1) 22(k+1)]T and letting 21 (k+ 1) = 22(k) z2(k +
1) = Y4, we have:

z(k+ 1) = Az(k) + BG" (k)

where

0 1 0
A= —w 1—s+w}’B_{1]

s is marginal propensity to save which is related to ¢ by
¢ = (1 —s). There exist three different economic scenar-
ios, i.e., “Norm”, “Boom” and “Slump”, which changes
from one mode to another in a Markovian jump sense. The
abrupt economic events or emergent political factors can be
modelled as the fault occurence in the system. We consider
the above system with the following stable system matrices
calculated in [28] with

0 1 0 1
A= { 0.5 —0.2 } ) Az = { —0.7 0.4 }

0 1
As = [ 0.3 —0.2 }

0
By =Br2=Bya = [ —0.5 ]

Ba1 = Ba2 = Baz = 091

Ci=Co=C5=[0 1]

D‘f1 = D‘fg = ng = 09, Dd1 = Ddg = Dd3 = 04
P11 = 0.67, P12 = 0.177 P13 = 0.16

P21 = 0.307 P22 = 0.477 P23 = 0.23

P31 = 0.267 P32 = 0.10, P33 = 0.64

‘We choose

as the residual evaluation function, where k1 denotes the
length of the evaluation time window. The corresponding
threshold is Ji, = sup()_o E{J(k)}. The unknown input
d(k) is shown as in Fig.1 and 0(k) changes as shown in
Fig. 2. The fault signal is simulated as

1, ke [20,40]
flky=<¢ -1, k€][60,80]
0, else
Applying Theorem 1, we have:
Li=[ 00059 02493 |", Vi =2.4911
Lo=[ 00122 02511 |7, 15 = 24888
Ly =] 00063 02451 |7, V5 =2.4915
Fault f(k) and the corresponding residual r(k) are dis-
played in Fig. 3. Fig. 4 shows the residual evaluation func-
tion for both fault-free and faulty cases. It can be seen

from the simulation results that the generated residual can
deliver fault alarms soon after the fault occurs.

The unknown input d(k)

Change of mode 6(k)

Fault £ (k) and residual r (k)

Residual evaluation function J(k)

0.4

03}

02f

0.1f

ot

-0.1}

-02

-0.3

0 20 40 60 80 100
k

Fig.1 Unknown input d(k)

0 20 40 60 80 100
k
Fig.2 The operation mode 0(k)

—— Fault

2 — — Residual

0 20 40 60 80 100
k

Fig.3 Fault f(k) and residual r(k)

—— Faulty case
— — Fault-free case

Fig.4 Residual evaluation function J(k)
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Example 2. For the purpose of illustrating the advan-
tage of the proposed method in this paper, we compare it
with the two-objective method addressed in [23]. Consider
the two-mode MJLS given in the following form taken from
23]

rol 0 1 0
0 01 0 05
A = 0 0 02 0
L 0 0 0 01
r 03 0 -1 0
1 -01 02 0 —05
2= 0 0 -02 0
L 0 0 0 —05
By = Bp=[112 —2]°
Byt = Bap=[08 —24 16 08]"
01 0 1
Gro= &= { 1010 }
Dy = Dyo= [ 2 —1 ]T
Dy = Daz=102 04]"
P11 = 0.2, pi12 =0.8, p21 = 0.6, p22 =04

The unknown input d(k) is still shown as in Fig.1 and the
fault signal is simulated as

0.3, k € [20,40]
—0.3, k € [60,80]
0, else

f(k) =

Applying Theorem 1, we have:

r1.1169  1.3664 7
L —5.1180 —3.3317
= 3.2727  2.2831
1.6652  1.1293
T 2.0747  0.8907
I, - —4.7665 —3.5017
2 = 3.3262  2.2515
1.7529  1.0716
Vi = 3.2052  —0.2294
Y| 02204 1.8917
v, — 3.3260 —0.4484
27 | —0.4484 19852

Figs. 5 and 6 display the generated residuals using different

methods. It can be seen from the simulation results that

our proposed algorithm can generate much more sensitive

residual signals than the two-objective method in [23] when

an incipient fault occurs.
20

| — Proposed approach
— - Two-objective approach

Residual r, (k)

20 40 60 80 100
k

Fig.5 Generated residual r1 (k)

15
— Proposed approach
1oh == Two-objective approach
5
g
N
= 0
|
8
© -5

-10

-15
0 20 40 60 80 100

k
Fig.6 Generated residual r, (k)

4 Conclusion

In this paper, the problem of optimal fault detection for
discrete-time MJLS has been investigated. An observer-
based FDF has been considered as a residual generator and
the design of the FDF has been formulated in the frame-
work of maximizing stochastic H_/Ho or Ho/Hoo per-
formance index. A unified solution has been obtained by
solving a coupled Riccati equation in terms of a generalized
operator-aided optimization method. The achieved result
has been illustrated by numerical examples.
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