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Robust HHH∞ Filtering for a Class of Uncertain Lurie
Time-delay Singular Systems

LU Ren-Quan1, 2 WANG Jun-Hong1 XUE An-Ke1 SU Hong-Ye2 CHU Jian2

Abstract This paper deals with the problem of the robust H∞ filtering for a class of Lurie singular systems with state time-delays,
parameter uncertainties and unknown statistics characteristics but with limited power disturbance, aiming to design a robustly stable
filter such that the uncertain Lurie time-delay singular systems are not only regular, impulse free and stable, but also have a prescribed
level of H∞ performance for the filtering error dynamics for all admissible uncertainties. A sufficient condition for the existence of
such a filter is proposed in terms of linear matrix inequalities (LMIs). When a solution to this set of LMIs exists, the parametric
matrices of a desired filter can be easily obtained using LMI toolbox.
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1 Introduction

Lurie system is a typical nonlinear system. In this pa-
per, we study the problem of robust H∞ filtering for Lurie
singular systems with both time-delays and parameter un-
certainties. The parametric uncertainties are assumed to
be time-varying, but norm-bounded; moreover, time-delay
is also assumed to be unknown time-varying, but bounded;
the disturbance input has unknown statistical characteris-
tics but limited power. The design methodology presented
in this paper is a 2-step procedure; that is, firstly, a suffi-
cient condition based on LMIs which guarantees both the
robust stability and a prescribed level of H∞ performance
for uncertain Lurie time-delay singular systems is obtained;
secondly, the synthesis of a robust H∞ filter based on the
above-derived sufficient condition is given such that the fil-
tering error system is robustly stable and has a prescribed
H∞ performance level for all admissible uncertainties is ob-
tained.

The suitable H∞ filter can be constructed through a con-
vex optimization problem, which can be effectively handled
by Matlab/LMI Toolbox. Finally, an illustrative example
is given to show the effectiveness of the proposed approach.

2 System description and definitions
Consider the following uncertain Lurie singular systems

with time-delays:

Σ : Eẋxx(t) =(A0 + ∆A0(xxx, t))xxx(t)+

(A1 + ∆A1(xxx, t))xxx(t− h(t))+

E0fff(σσσ(t)) + (B0 + ∆B0(xxx, t))www(t)

(1)

yyy(t) =(C0 + ∆C0(xxx, t))xxx(t)+

(C1 + ∆C1(xxx, t))xxx(t− h(t))+

E1fff(σσσ(t)) + (B1 + ∆B1(x, t))www(t)

zzz(t) =Lxxx(t)

(2)

σσσ(t) = Cxxx(t),xxx(t) = φφφ(t),www(t) = 000, t ∈ [−h, 0] (3)

where xxx(t) ∈ Rn is the state vector, www(t) ∈ Rp is the distur-
bance input vector from L2[0,∞), yyy(t) ∈ Rn1 is the mea-
surement output vector, and zzz(t) ∈ Rn2 is the estimated
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state vector. The matrix E ∈ Rn×n may be singular. We
also assume that rank E = r ≤ n. A0, A1, B0, B1, C0,
C1, L, D, E0, E1, and C are known real constant matrices.
∆A0(·),∆A1(·), ∆B0(·), ∆B1(·), ∆C0(·) and ∆C1(·) are
time-variant matrices representing norm-bounded parame-
ter uncertainties, and are assumed to be of the following
form:

»
∆A0(·) ∆A1(·) ∆B0(·)
∆C0(·) ∆C1(·) ∆B1(·)

–
=

»
G1

G2

–
F (x, t)

ˆ
H1 H2 H3

˜ (4)

where G1, G2, H1, H2 and H3 are known real constant ma-
trices. The uncertain matrix F (xxx, t) with Lebesgue mea-
surable elements satisfies

FT(xxx, t)F (xxx, t) ≤ I,∀t (5)

h(t) is time-varying bounded delay satisfying 0 ≤ h(t) ≤
h, ḣ(t) ≤ d ≤ 1. φφφ(t) is smooth vector-valued continuous
initial function defined in the Banach space Ch. It is as-
sumed that φφφT(t)φφφ(t) ≤ ν, where ν > 0 can be seen as
an upper bound on the initial states. In this paper, every
nonlinear term is assumed to be of the form

fj(·) ∈ Kj [0, kj ] = {fj(σj)|fj(0) = 0,

‖ḟj(σj)‖ ≤ α, 0 < σjfj(σj) ≤ kjσ
2
j (σj 6= 0)} (6)

where α and kj (j = 1, 2, · · · , n) are positive scalars.
Throughout this paper, we will use the following con-

cepts and introduce the following useful definitions.
Definition 1[1].
1) The pair (E, A) is said to be regular if det(sE−A) is

not identically zero.
2) The pair (E, A) is said to be impulse free if

deg(det(sE −A))=rank E.

Definition 2[1].
1) The uncertain Lur′e time-delay singular system (1)

is said to be regular and impulse free if the pair (E, A)
is regular and impulse free for all admissible uncertainties
described in (4) and (5).

2) The uncertain Lurie time-delay singular system (1)
is said to be stable if for any ε > 0 there exists a scalar
δ(ε) > 0 such that for any compatible initial conditions
φφφ(t) satisfying sup−τ≤t≤0‖φφφ(t)‖ ≤ δ(ε), the solution xxx(t)
of system (1) satisfies ‖xxx(t)‖ ≤ ε, for t ≥ 0; furthermore,
lim

t→∞
‖xxx(t)‖ = 0 for all admissible uncertainties described in

(4) and (5).
Definition 3. The uncertain Lurie time-delay singular

systems (1) is said to be robustly stable if system (1) with



No. 3 LU Ren-Quan et al.: Robust H∞ Filtering for a class of Uncertain Lurie Time-delay Singular Systems 293

www(t) = 000 is regular, impulse free and stable for all admissi-
ble uncertainties.

Definition 4. (The problem of robust H∞ filtering)
The uncertain Lurie singular system Σ is said to have a ro-
bust H∞ performance if there exists a singular and robustly
stable filter of order n with the following form:

Σf : 000 = Afxxxf (t) + Bfyyy(t) (7)

zzzf (t) = Lfxxxf (t),xxxf (0) = 000 (8)

such that not only the filtering error system is robustly
stable in the sense of Definition 3 , but also the filtering
error

z̃zz(t) = zzz(t)− zzzf (t) (9)

satisfies the following condition:
Z ∞

0
z̃zzTz̃zzdt ≤ γ2(

Z ∞

0
wwwTwwwdt + τ) (10)

for given scalars γ > 0, and σ > 0, for all non-zero www(t) ∈
L2[0,∞) and for all parameter uncertainties. Note that
the scalar σ > 0 is induced by the initial condition of the
system.

3 Main results

In this section, the problems of robust stability and
robust H∞ filtering based on LMI approach for systems
(1)∼(4) are discussed. The following theorems are useful
for derivation of the main result.

Theorem 1. Consider the uncertain Lurie time-delay
singular system Σ. This system is robustly stable and

Z ∞

0
zTzdt ≤ γ2(

Z ∞

0
wTwdt + τ) (11)

for given scalars γ > 0, and σ > 0, if there exist a matrix
P , a positive definite symmetric matrix Q > 0, and scalars
ε > 0 and θ > 0 such that the following conditions hold,
i.e.,

EPT = PET ≥ 0 (12)

λ1 + hλ2 ≤ τγ2/ν (12′)

M =

"
M̂1 M̂2

M̂3 M̂4

#
< 0 (12′′)

where

M̂1 =

2
4

M11 B0PT A1PT

PBT
0 −γ2I 0

PAT 0 −(1− d)Q

3
5

M11 = A0P
T + PAT

0 + Q

M̂2 =

2
4

E0 PCTKT PLT PHT
1 G1

0 0 0 PHT
3 0

0 0 0 PHT
2 0

3
5

M̂3 =

2
66664

ET
0 0 0

KCPT 0 0
LPT 0 0
H1PT H3PT H2PT

GT
1 0 0

3
77775

M̂4 =

2
66664

−ε−1I 0 0 0 0
0 −εI 0 0 0
0 0 −I 0 0
0 0 0 −θI 0
0 0 0 0 −θ−1I

3
77775

and β > 0 is the unique root of the equation

β(λ1 + λ2heβh) = λM̃ (13)

with

λ1 = λmax(P
−1E)

λ2 = λmax(P
−1QP−T)

λM̃ = λmax(P
−1M̃1P

−T)

M̃1 =

"
M̃11 M̃12

M̃13 M̃14

#

where

M̃11 = M11 + εE0E
T
0 + θG1G

T
1 + θ−1PHT

1 H1P
T

M̃12 = A1P
T + θ−1PHT

1 H2P
T

M̃13 = PAT
1 + θ−1PHT

2 H1P
T

M̃14 = −(1− d)Q + θ−1PHT
2 H2P

T

Proof. First, we prove the robust stability of system Σ.
To this end, we consider the system Σ with www(t) = 000; that
is

Eẋxx(t) = A0∆xxx(t) + A1∆xxx(t− hi(t)) + E0fff(σσσ(t)) (14)

where A0∆ = A0 + ∆A0(), and A1∆ = A1 + ∆A1().
By Schur complement argument, the LMI (12′′) is equiv-

alent to A0P
T + PAT

0 + Q < 0, and Q > 0. Then it is easy
to see that A0P

T + PAT
0 < 0. From Dai[2], it follows that

the pair (E, A0) is regular and impulse free. Therefore, by
Definition 2, the singular delay system Σ is regular and
impulse free.

Dai[2] showed that if the pair (E, A0) is regular and im-
pulse free, then there exist two orthogonal matrices L1 and
L2 ∈ Rn×n such that

Ē := L1EL2 =

»
Ir 0
0 0

–

Ā := L1A0L2 =

»
Ar 0
0 In−r

– (15)

where Ir ∈ Rr×r, and In−r ∈ R(n−r)×(n−r) are identity
matrices, Ar ∈ Rr×r. According to (15), let

Ā1 := L1A1L2 =

»
Ā11 Ā12

Ā21 Ā22

–

B̄0 := L1B0L2, Ē0 := L1E0 =

»
Ē01

Ē02

–

C̄ := L−1
2 CL2, K̄ := KL2

Q̄1 := L1QLT
1 =

»
Q̄11 Q̄12

Q̄21 Q̄22

–

(16)

Pre-multiplying and post-multiplying the left and right-
hand sides of (12), (12′), and (12′′) by diag{L1, L1, L1, I,
I, I, I, I} and diag{LT

1 , LT
1 , LT

1 , I, I, I, I, I}, respectively,
we have

ĒP̄T = P̄ ĒT ≥ 0 (17)

and

M̄ =

"
¯̂

M1
¯̂

M2
¯̂

M3
¯̂

M4

#
< 0 (18)
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where

¯̂
M1 =

2
4

M̄11 B̄0P̄T Ā1P̄T

P̄ B̄T
0 −γ2I 0

P̄ ĀT 0 −(1− d)Q̄

3
5

M̄11 = Ā0P̄
T + P̄ Ā0

T
+ Q̄

¯̂
M2 =

2
4

Ē0 P̄ C̄TK̄T P̄ L̄T P̄ H̄T
1 Ḡ1

0 0 0 P̄ H̄T
3 0

0 0 0 P̄ H̄T
2 0

3
5

¯̂
M3 =

2
66664

ĒT
0 0 0

K̄C̄P̄T 0 0
L̄P̄T 0 0
H̄1P̄T H̄3P̄T H̄2P̄T

ḠT
1 0 0

3
77775

¯̂
M4 =

2
66664

−ε−1I 0 0 0 0
0 −εI 0 0 0
0 0 −I 0 0
0 0 0 −θI 0
0 0 0 0 −θ−1I

3
77775

Now, let

ξξξ(t) = L−1
2 xxx(t) =

»
ξξξ1(t)
ξξξ2(t)

–
(19)

where ξξξ1(t) ∈ Rr and ξξξ2(t) ∈ Rn−r. Substituting (15) and
(16) into the singular delay system (14), we get

Ēξ̇ξξ(t) = Ā0∆xxx(t) + Ā1∆xxx(t− h(t)) + Ē0fff(ηηη(t)) (20)

where ηηη(t) = C̄ξξξ(t). It is easy to see that the stability
of the uncertain Lurie time-delay singular system (20) is
equivalent to that of system (17). The singular delay sys-
tem (20) can also be decomposed into

ξ̇ξξ1(t) =Ar∆ξξξ1(t) + Ā11∆ξξξ1(t− h(t))

+ Ā12∆ξξξ2(t− h(t)) + Ē01fff(ηηη(t))
(21)

000 =ξ2(t) + Ā21∆ξξξ1(t− h(t))

+ Ā22∆ξξξ2(t− h(t)) + Ē02fff(ηηη(t))
(22)

Define

V (ξξξ(t)) = ξξξT
1 (t)P̄−1

11 ξξξ1(t) +

Z t

t−h(t)
ξξξT(s)P̄−1Q̄P̄−Tξξξ(s)ds

= ξξξT(t)P̄−1Ēξξξ(t) +

Z t

t−h(t)
ξξξT(s)P̄−1Q̄P̄−Tξξξ(s)ds

(23)

According to, for example [1,3∼5], we can immediately
deduce that the following inequality holds

V̇ (ξξξ(t)) ≤ ξ̃ξξ
T
(t)P̄−1M̄1∆P̄−Tξ̃ξξ(t) (24)

where ξ̃ξξ(t) =
ˆ

ξξξT(t) ξξξT(t− h(t))
˜

M̄1∆ =

»
M̄11∆ Ā1∆P̄T

P̄ ĀT
1∆ (1− d)Q̄

–

M̄11∆ =Ā0∆P̄T + P̄ ĀT
0∆ + Q̄+

εĒ0Ē
T
0 + ε−1P̄ C̄TK̄TK̄C̄P̄T

Consider uncertain expressions (4) and (5), the matrix
M̄1∆ can be rewritten as

M̄1∆ = M̄1 + Ω1F (xxx, t)Ω2 + (Ω1F (xxx, t)Ω2)
T (25)

where M̄1 is M̄1∆ without uncertainties ∆Ā0() and ∆Ā1(), and

ΩT
1 =

ˆ
ḠT

1 0
˜
, Ω2 =

ˆ
H̄1P̄T H̄2P̄T

˜

On the other hand, by Schur complement and (18) we
have

M̄1 + θΩ1Ω
T
1 + θ−1ΩT

2 Ω2 < 0

According to [6] and (25), it can be deduced that

M̄1∆ ≤ M̄1 + θΩ1Ω
T
1 + θ−1ΩT

2 Ω2 < 0 (26)

impling that for all ξξξ(t) 6= 000

V̇ (ξξξ(t)) ≤ −λ ˆ̄M‖ξ̃ξξ(t)‖2 ≤ −λ ˆ̄M‖ξξξ(t)‖2 (27)

where λ ˆ̄M
= −λmax[P̄

−1(M̄1 + θΩ1Ω
T
1 + θ−1ΩT

2 Ω2)P̄
−T].

Then we obtain, for a scalar β > 0,

deβtV (ξξξ(t))

dt
=eβt[βV (ξξξ(t)) + V̇ (ξξξ(t))] ≤

eβt[(λ̄1β − λ ˆ̄M )‖ξξξ(t)‖2+

λ̄2β

Z t

t−h(t)
‖ξξξ(s)‖2ds]

where λ̄1 = λmax(P̄
−1Ē), λ̄2 = λmax(P̄

−1Q̄P̄−T).
Since L1 and L2 are orthogonal matrices, it follows from

(13) that β > 0 is the unique root of the equation

β(λ̄1 + λ̄2heβh) = λ ˆ̃
M

Integrating both sides of this inequality from 0 to t and
then considering the following inequality[7]

Z t

0
eβt(

Z t

t−h(t)
‖ξξξ(s)‖2ds)dt ≤ heβh

Z t

0
eβs‖ξξξ(s)‖2ds

we have
V (ξξξ(t)) ≤ e−βtV (φ̄φφ(t))

where φ̄φφ(t) = L−1
2 φφφ(t). Therefore,

‖ξξξ1(t)‖2 ≤ (e−βt/λmin(P̄−1
11 ))V (φ̄φφ(t))

which implies that

lim
t→∞

‖ξξξ1(t)‖ = 0 (28)

Furthermore, by (23) and (24),

λmin(P̄−1
11 )‖ξξξ1(t)‖2 − V (φ̄(t)) ≤

Z t

0
V̇ (ξξξ(s))ds ≤

− λ ˆ̄M

Z t

0
‖ξξξ2(s)‖2ds

So, we can deduce that

Z t

0
‖ξξξ2(s)‖2ds ≤ (1/λ ˆ̄M )V (φ̄φφ(t)) (29)

According to (27), we have

Z t

0
‖Ē02fff(ηηη)‖dt ≤

Z t

0

p
λ3(‖ξξξ1(t)‖+ ‖ξξξ2(t)‖)dt

where λ3 = λmax[C̄
TK̄TĒT

02Ē02K̄C̄] ≥ 0.

Taking into account the famous Barbalat′s Lemma[8], it
follows from (6), (28), and (29) that

lim
t→∞

Ē02fff(ηηη) = 0 (30)
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Thus, combining (18) and (22) with (28) and (30), we
can get

lim
t→∞

‖ξξξ2(t)‖ = 0 (31)

which implies that system Σ is robustly stable.
Next, we will show the H∞ performance of system Σ.

To this end, if the dimension of w(t) p < n, substitute

ŵwwT(t) =
ˆ

wwwT(t) 0
˜

for wwwT(t) such that www(t) ∈ Rn.

At the same time, substitute the matrices
ˆ

B0 0
˜

andˆ
∆B10() 0

˜
for matrices B0 and ∆B10(), respectively,

such that matrices B0 and ∆B10() ∈ Rn×n. Consider the
following system

Ēξ̇ξξ(t) = Ā0∆ξξξ(t) + Ā1∆ξξξ(t− h(t)) + Ē0fff(ηηη(t)) + B̄0∆w̄ww(t)

zzz(t) = L̄ξξξ(t)

where w̄ww(t) = L−1
2 www(t). Similar to the derivation of (27),

according to [6,9,10], we can obtain

V̇ (ξξξ(t),www(t)) + zzzT(t)zzz(t)− γ2w̄wwT(t)w̄ww(t)

= V̇ (ξξξ(t),www(t)) + zzzT(t)zzz(t)− γ2wwwT(t)www(t)

≤ ζζζT(t)P̄−1M̄2P̄
−Tζζζ(t)

(32)

where ζζζ(t) =
ˆ

ξξξT(t) ξξξT(t− h(t)) w̄wwT(t)
˜T

, and

M̄2 =

»
M̄1 B̄0P̄T

P̄ B̄T
0 −γ2I

–
+ θθθΩ̃1Ω̃

T
1 + θθθ−1Ω̃T

2 Ω̃2

Ω̃T
1 =

ˆ
ΩT

1 0
˜
, Ω̃2 =

ˆ
Ω2 H̄3P̄T

˜

Integrating both sides of (32) from 0 to ∞ and taking
into account lim

t→∞
ξξξ(t) = 0, (12c) and (18), we have

Z ∞

0
zzzTzzzdt− γ2

Z ∞

0
wwwTwwwdt ≤ V (φ̄φφ(t)) ≤ (λ1 + hλ2)ν ≤ τγ2,

which implies that (11) is satisfied. This completes the
proof. ¤

Now, we are in the position to present the solution to the
robust H∞ filtering problem for uncertain Lurie time-delay
singular systems.

Defining ϕϕϕ =
ˆ

xxxT(t) xxxT
f (t)

˜T
, noting (4) and (5),

and after extending the dimension of w(t), we derive the
following augmented model from system Σ and the filter
Σf . where

Σe : Ẽϕ̇ϕϕ(t) =(Ã0 + ∆Ã0(·))ϕϕϕ(t)

+ (Ã1 + ∆Ã1(·))ϕϕϕ(t− h(t))

+ Ẽ0f(σσσ(t)) + (B̃0 + ∆B̃0(·))w̃ww(t)

z̃zz(t) =L̃ϕϕϕ(t),σσσ(t) = C̃ϕϕϕ(t)

ϕϕϕ(t) =
ˆ

φφφT(t) 0
˜T

, t ∈ [−h, 0]

(33)

with w̃wwT(t) =
ˆ

wwwT(t) 0
˜T

, and

Ẽ =

»
E 0
0 0

–
, Ã0 =

»
A0 0

Bf C0 Af

–

Ã1 =

»
A1 0

Bf C1 0

–
Ẽ0 =

»
E0

Bf E1

–

B̃0 =

»
B0 0

Bf B1 0

–
, L̃ =

ˆ
L −Lf

˜

C̃ =
ˆ

C 0
˜
, ∆Ã0(·) =

»
∆A0 0

Bf∆C0 0

–

∆Ã1(·) =

»
∆A1 0

Bf∆C1 0

–
, ∆B̃0(·) =

»
∆B0 0

Bf∆B1 0

–

The parameter uncertainties in system Σe can be rewrit-
ten as

h
∆Ã0(·) ∆Ã1(·) ∆B̃0(·)

i
=

G̃1F (x(t), t)
h

H̃1 H̃2 H̃3

i (34)

where

G̃1 =

»
G1

Bf G2

–
, H̃1 =

ˆ
H1 0

˜

H̃2 =
ˆ

H2 0
˜
, H̃3 =

ˆ
H3 0

˜

As in the work of Gahinet and Apkarian[11], it is assumed
that the matrix P has the following form.

P−1 = P =

»
I 0

Y −1 I

–−1 »
Y W
I 0

–
= X−1

1 X2 (35)

where Y > 0 is a symmetric matrix and W is a nonsingular
matrix. Then, (12a) is equivalent to

X1PẼXT
1 = X1Ẽ

TPTXT
1

which implies that
Y E = ETY (36)

With the techniques in Theorem 1, we can deduce

M̃ ′ =diag{X1, I, I, I, I, I, I, I}diag{P,P,P, I, I, I, I, I}M×
diag{XT

1 , I, I, I, I, I, I, I}diag{PT,PT,PT, I, I, I, I, I} <

0
(37)

Set

Υ = PPTS, Φ = PQ̃PT =

»
Φ11 0
0 Φ22

–

(Φ11 = ΦT
11 > 0 and Φ22 = ΦT

22 > 0)

Then, the following inequality holds.

M̃ =diag{diag(I, Y ), I, I, I, I, I, I, I}M ′×
diag{diag(I, Y ), I, I, I, I, I, I, I} < 0

(38)

where M̃ < 0 is denoted by inequality (39), with Φ̃22 =
Y Φ22Y , and

M̃ =

"
ˆ̃M1

ˆ̃M2
ˆ̃M3

ˆ̃M4

#
< 0 (39)

where

ˆ̃M1 =

2
4

Θ11 Θ12 Θ13

ΘT
12 −γ2Υ 0

ΘT
13 0 −(1− d)Φ

3
5

ˆ̃M2 =

2
4

Θ14 Θ15 Θ16 Θ17 Θ18

0 0 0 Θ27 0
0 0 0 Θ37 0

3
5

ˆ̃M3 =

2
66664

ΘT
14 0 0

ΘT
15 0 0

ΘT
16 0 0

ΘT
17 ΘT

27 ΘT
37

ΘT
18 0 0

3
77775

ˆ̃M4 =

2
66664

−ε−1I 0 0 0 0
0 −εI 0 0 0
0 0 −I 0 0
0 0 0 −θI 0
0 0 0 0 −θ−1I

3
77775
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Θ11 =

»
sym(Y A0 + ΓC0) + Φ11 sym(Y A0) + ΓC0 + Π

sym(Y A0) + CT
0 ΓT + ΠT sym(Y A0) + Φ11 + Φ̃22

–

Θ13 =

»
Y A1 + ΓC1 0

Y A1 0

–
, Θ37 =

»
HT

2
0

–

Θ12 =

»
Y B0 + ΓB1 0

Y B0 0

–
, Θ14 =

»
Y E0 + ΓE1

Y E0

–

Θ15 =

»
CTKT

CTKT

–
, Θ16 =

»
LT

LT + LT

–

Θ17 =

»
HT

1
HT

1

–
, Θ18 =

»
Y G1 + ΓG2

Y G1

–
, Θ27 =

»
HT

3
0

–

Synthetizing the above analysis, we derive the main re-
sults in this section.

Theorem 2. Consider the uncertain Lurie time-delay
singular system Σ together with (7) and (8). For given
scalars γ > 0, and σ > 0, So the robust H∞ filtering prob-
lem is solvable if there exist a matrix Γ, Π, a positive def-
inite symmetric Y , Φ11, Φ22. Φ̃22 = Y Φ22Y , and scalars
ε > 0, and θ > 0, such that equality (36), LMI (39) and
(12′′) hold, and β > 0 is the unique root of (40)

β(λ1 + λ2heβh) = λM̃′
11

(40)

with

λ1 = λmax(Y E)

λ2 = max(λmax(Φ11), λmax(Φ22))

λM̃′
11

= λmax(M̃
′
11)

where

M̃ ′
11 =

"
M̃ ′

111 M̃ ′
112

M̃ ′
113 M̃ ′

114

#

M̃ ′
111 = [Θ11 + εΘ14Θ

T
14 + θΘ18Θ

T
18 + θ−1Θ17Θ

T
17]

M̃ ′
112 = Θ13 + θ−1Θ17Θ

T
37

M̃ ′
113 = ΘT

13 + θ−1Θ37Θ
T
17

M̃ ′
114 = [−(1− d)

»
Φ11 0
0 Φ22

–
+ θ−1Θ37Θ

T
37]

In this case, a suitable H∞ filter in the form of (7) and
(8) is given by

Af = W−1ΠY −1, Bf = W−1Γ, Lf = LY −1,

where W is arbitrary nonsingular matrix.
Proof. From the above analysis and Theorem 1, the

desired result follows immediately. ¤
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