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Abstract— In this paper, the delay-dependent robust resilient
guaranteed cost control for singular time-delay systems with
norm-bounded parametric uncertainty is investigated. First,
based on the delay-dependent stability criterion for the nom-
inal singular time-delay system, a sufficient condition of the
existence of the robust resilient guaranteed cost controller is
established. Then the problem of robust resilient guaranteed
cost control is solved via a resilient controller with respect to
additive and multiplicative controller gain variations, which
guarantees that the closed-loop system is regular, impulse free
and asymptotically stable for all admissible uncertainties, and
satisfies a cost bound. The explicit expression for the desired
robust resilient guaranteed cost controller is designed by using
the LMIs and the cone complementarity linearization iterative
algorithm.

Index Terms — uncertain singular time-delay systems, guar-
anteed cost control, resilient controller, delay-dependent crite-
ria, linear matrix inequality(LMI).

I. INTRODUCTION

The guaranteed cost control for uncertain systems was
first put forward in [1]. The main idea is to design a
controller to robustly stabilize the uncertain system and
guarantee an adequate level of performance. Recently, the
study of guaranteed cost control for uncertain time-delay
systems has attracted considerable attention, see [2]-[5].
In particular, the guaranteed cost control for a class of
singular time-delay systems with norm-bounded parametric
uncertainty is studied in [4]. However, the design method
is delay-independent. Since the delay-dependent results
are less conservative than the delay-independent ones,
especially when the delay time is small, it is necessary to
discuss the delay-dependent robust guaranteed cost control
for uncertain singular time-delay systems.

On the other hand, it is worth noting that an implicit
assumption inherent in these above design techniques is
that the controller is precise, and exactly implemented.
However, in practice, controllers do have a certain degree
of errors due to finite word length in any digital systems,
the imprecision inherent in analog systems and need for
additional tuning of parameters in the final controller
implementation. By means of several examples, see [6],
it is demonstrated that the controllers designed by using
weighted H∞, µ and l1 synthesis techniques may be
very sensitive with respect to errors in the controller
coefficients. Such controllers are often termed “fragile”.
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Hence, it is considered beneficial that the designed
(nominal) controllers should be capable of tolerating
some level of controller gain variations. Recently, some
researchers have developed some efforts to tackle the non-
fragile controller design problem [7]-[11]. In particular, The
problem of designing resilient guaranteed cost controller
for a class of generalized system is addressed in [10]. To
the best of our knowledge, there are no previous results
on delay-dependent robust resilient guaranteed cost control
for singular time-delay systems in the literature, which has
motivated our research.

In this paper, the problem of delay-dependent robust
resilient guaranteed cost control for singular time-delay
systems with norm-bounded parametric uncertainty is
investigated. The considered time-delay is constant but
unknown. Based on the delay-dependent stability criterion
for the nominal singular time-delay system [12], a sufficient
condition of the existence of the robust resilient guaranteed
cost controller is established. Then by using the idea
of generalized quadratic stabilization, the problem of
delay-dependent robust resilient guaranteed cost control is
solved via a resilient controller with respect to additive
and multiplicative controller gain variations. And a
cone complementarity linearization iterative algorithm is
proposed to design the resilient guaranteed cost controller
such that the resultant closed-loop system is regular,
impulse free and asymptotically stable for all admissible
uncertainties, and the close-loop value of the cost function
satisfies a bound.

The paper is organized as follows: Section II briefly
presents the problem statement and some preliminary
lemmas. The problem of delay-dependent robust resilient
guaranteed cost control is solved in Section III and final
conclusions end the paper.

Notations: R denotes the set of real numbers, R+

denotes 0 and axis of positive real numbers, Rn denotes
the n-dimensional Euclidean space over the reals and
Rn×m denotes the set of all n × m real matrices,
diag{· · ·} is a block-diagonal matrix. For real symmetric
matrix X , the notation X ≥ 0 (X > 0) means the
matrix X is positive-semidefinite (positive-definite),
λmin(X)(λmax(X)) denotes the minimum (maximum)
eigenvalue of matrix X . The superscript T represents
the transpose. Cn,τ := C([−τ, 0], Rn) denotes the Banach
space of continuous vector functions mapping the interval
[−τ, 0] into Rn, xt := x(t + θ), θ ∈ [−τ, 0], obviously,
xt ∈ Cn,τ . The following norms will be used, ‖ · ‖ refers
to the Euclidean vector norm or spectral matrix norm,

2005 American Control Conference
June 8-10, 2005. Portland, OR, USA

0-7803-9098-9/05/$25.00 ©2005 AACC

ThB18.4

2833



‖ φ ‖c:= sup
−τ≤t≤0

‖ φ(t) ‖ stands for the norm of a function

φ ∈ Cn,τ .

II. PROBLEM STATEMENT AND PRELIMINARIES

Consider a class of uncertain singular time-delay system
represented by⎧⎨
⎩

Eẋ(t) = (A + �A)x(t) + (Aτ + �Aτ )x(t − τ)
+ Bu(t),

x(t) = φ(t), t ∈ [−τ, 0]
(1)

where x(t) ∈ Rn, u(t) ∈ Rq are the state and control
input, respectively. E, A, Aτ and B are known real constant
matrices with appropriate dimensions and 0 <rank E =
p< n. τ is an unknown constant delay and satisfies 0 <
τ ≤ τm, φ(t) ∈ Cn,τ is a compatible vector valued initial
function and it is assumed that φ(t) is differentiable. �A
and �Aτ are time-invariant matrices representing norm-
bounded parametric uncertainties which are of the following
forms:

�A = D1F1E1, �Aτ = D2F2E2 (2a)

FT
i Fi ≤ I, i = 1, 2. (2b)

Where, Di, Ei, i = 1, 2, are known real constant matrices
with appropriate dimensions, Fi, i = 1, 2 are uncertain real
constant matrices with appropriate dimensions.

For this system, we will consider resilient controller of
the form :

u(t) = (K + �K)x(t). (3)

About the controller gain variations, two forms will be
considered:

a) Additive controller gain variations:

�K = D3F3E3, FT
3 F3 ≤ I; (4a)

b) Multiplicative controller gain variations:

�K = D4F4E4K, FT
4 F4 ≤ I. (4b)

Where Di, Ei, i = 3, 4, are known real constant matrices,
Fi, i = 3, 4 are uncertain real constant matrices.
�A,�Aτ and �K are said to be admissible if (2) and

(4) are satisfied.
Applying this controller to system (1) results in the

closed-loop system:{
Eẋ(t) = (Ak + �Ak)x(t) + (Aτ + �Aτ )x(t − τ),

x(t) = φ(t), t ∈ [−τ, 0]
(5)

with Ak = A + BK,�Ak = �A + B�K. The cost
function associated with system (1) is

J =
∫ ∞

0

[xT (t)Sx(t) + uT (t)Ru(t)]dt (6)

where S, R are given positive-definite symmetric matrices.
Associated with the cost, the robust resilient guaranteed cost
controller is defined as follows:

Definition 1: Consider the uncertain singular time-delay

system (1). If there exist a resilient controller (3) and a
positive scalar J∗ such that for all admissible uncertainties
(2) and (4), the closed-loop system (5) is regular, impulse
free and asymptotically stable, and the closed-loop value of
the cost function (6) satisfies J ≤ J∗, then J∗ is said to
be a guaranteed cost and the controller (3) is said to be a
robust resilient guaranteed cost controller.

The objective of this paper is to design the robust resilient
guaranteed cost controller (3) for system (1) and give an
upper bound for the cost function (6).

To get the main result of this paper, two lemmas are
introduced:

Lemma 1 [13]: For any matrices D,E, F with appro-
priate dimensions and a scalar ε > 0, where F satisfies:
FT F ≤ I , the following inequality holds:

DFE + ET FT DT ≤ ε−1DDT + εET E. (7)

Lemma 2 [12]: The singular time-delay system
{

Eẋ(t) = Ax(t) + Aτx(t − τ),
x(t) = φ(t), t ∈ [−τ, 0] (8)

is regular, impulse free and asymptotically stable for any
constant delay τ satisfying 0 < τ ≤ τm, if there exist
matrices Q > 0, X ≥ 0, Z > 0 and P, Y satisfying

PE = ET PT ≥ 0, (9a)

[
Γ PAτ − Y + τmAT ZAτ

∗ −Q + τmAT
τ ZAτ

]
< 0, (9b)

[
X Y
∗ ET ZE

]
≥ 0, (9c)

where Γ = AT PT +PA+Q+τmX+Y +Y T +τmAT ZA.

III. ROBUST RESILIENT GUARANTEED COST
CONTROL

In this section, first of all, we present a sufficient con-
dition of the existence of robust resilient guaranteed cost
controller (3) for the uncertain singular time-delay system
(1), which will play a key role in solving the aforementioned
problem.

Theorem 1: Consider the uncertain singular time-delay
system (1) and the cost function (6). If there exist matrices
Q > 0, X ≥ 0, Z > 0 and P, Y such that

PE = ET PT ≥ 0, (10a)

[
Γ11 Γ12

∗ Γ22

]
< 0, (10b)

[
X Y
∗ ET ZE

]
≥ 0, (10c)
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hold for all admissible uncertainties (2) and (4), where

Γ11 = (Ak + �Ak)T PT + P (Ak + �Ak) + Q + τmX
+ Y + Y T + τm(Ak + �Ak)T Z(Ak + �Ak)
+ S + (K + �K)T R(K + �K)

Γ12 = P (Aτ + �Aτ ) − Y
+ τm(Ak + �Ak)T Z(Aτ + �Aτ )

Γ22 = −Q + τm(Aτ + �Aτ )T Z(Aτ + �Aτ )

then controller (3) is a robust resilient guaranteed cost
controller for uncertain singular time-delay system (1).

Proof: From Lemma 2, we know that if (10) is satisfied,
then the closed-loop system (5) constructed by (1) and (3)
is regular, impulse free and asymptotically stable. Next, we
will prove that there exists a positive scalar J∗ such that the
closed-loop value of the cost function (6) satisfies J ≤ J∗.
Noticing that the system (5) is regular and impulse free,
and the initial function φ(t) is differentiable, so the solution
x(t) to system (5) is piecewise differentiable. Thus we have
x(t) − x(t − τ) =

∫ t

t−τ
ẋ(α)dα and the system (5) can be

rewritten as⎧⎨
⎩

Eẋ(t) = (Ak + �Ak + Aτ + �Aτ )x(t)
−(Aτ + �Aτ )

∫ t

t−τ
ẋ(α)dα,

x(t) = φ(t), t ∈ [−τ, 0]
(11)

Define Lyapunov-Krasovskii functional

V (xt) = xT (t)PEx(t) +
∫ t

t−τ

xT (s)Qx(s)ds

+
∫ 0

−τ

∫ t

t+β

ẋT (α)ET ZEẋ(α)dαdβ. (12)

Calculating the the time-derivative of V (xt) along with the
solution of (11) one gets

V̇ (xt) |(11)= 2xT (t)P (Ak + �Ak + Aτ + �Aτ )x(t)

− 2xT (t)P (Aτ + �Aτ )
∫ t

t−τ
ẋ(α)dα

+ xT (t)Qx(t) − xT (t − τ)Qx(t − τ)

+ τ ẋT (t)ET ZEẋ(t) − ∫ t

t−τ
ẋT (α)ET ZEẋ(α)dα.

(13)
Combined with (10c) it is obtained that

− 2xT (t)P (Aτ + �Aτ )
∫ t

t−τ

ẋ(α)dα

=
∫ t

t−τ

[
x(t)
ẋ(α)

]T [
0 Θ1

ΘT
1 0

] [
x(t)
ẋ(α)

]
dα

≤
∫ t

t−τ

[
x(t)
ẋ(α)

]T [
X Θ2

ΘT
2 ET ZE

] [
x(t)
ẋ(α)

]
dα

≤ τmxT (t)Xx(t) + 2xT (t)Θ2(x(t) − x(t − τ))

+
∫ t

t−τ

ẋT (α)ET ZEẋ(α)dα (14)

where

Θ1 = −P (Aτ + �Aτ ), Θ2 = Y − P (Aτ + �Aτ ).

Then we have

V̇ (xt) |(11)≤
[

x(t)
x(t − τ)

]T [
Γ11 Γ12

ΓT
12 Γ22

] [
x(t)

x(t − τ)

]

− xT (t)[S + (K + �K)T R(K + �K)]x(t).
(15)

From (10b) we get

V̇ (xt) |(11)≤ −xT (t)[S + (K + �K)T R(K + �K)]x(t).
(16)

Integrating both sides of (16) from 0 to T results in

−
∫ T

0

xT (t)[S + (K + �K)T R(K + �K)]x(t)dt

≥ V (xT ) − V (x0). (17)

Since the zero solution of the closed-loop system is asymp-
totically stable, let T → ∞, we get

∫ ∞

0

[xT (t)Sx(t) + uT (t)Ru(t)]dt

≤ V (x0) = φT (0)PEφ(0) +
∫ 0

−τ

φT (s)Qφ(s)ds

+
∫ 0

−τ

∫ 0

β

φ̇T (α)ET ZEφ̇(α)dαdβ. (18)

This implies that

J∗ = φT (0)PEφ(0) +
∫ 0

−τ

φT (s)Qφ(s)ds

+
∫ 0

−τ

∫ 0

β

φ̇T (α)ET ZEφ̇(α)dαdβ (19)

is a guaranteed cost of system (1). Hence, controller (3) is
a robust resilient guaranteed cost controller for system (1).
It completes the proof. �

Based on Theorem 1, we are now in the position to give
the design method for the robust resilient guaranteed cost
controller (3) in the light of two forms of controller gain
variations.

For the additive controller gain variations, the uncertain
matrix �Ak in the closed-loop system (5) can be written
as

�Ak = DkFkEk

=
[

D1 BD3

] [
F1 0
0 F3

] [
E1

E3

]
. (20)

By using Theorem 1, we can get:
Theorem 2: Consider uncertain singular time-delay sys-

tem (1) and the cost function (6). If there exist matrices
Q > 0, X ≥ 0, Z > 0, P, Y, W and a scalar ε > 0 with P
nonsingular satisfying the following inequalities:

EPT = PET ≥ 0, (21a)
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⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Λ11 AτPT − Y Λ13

∗ −Q τmPAT
τ

∗ ∗ −τmZ + ετ2
mDkDT

k + ετ2
mD2D

T
2

∗ ∗ ∗
∗ ∗ ∗
∗ ∗ ∗
∗ ∗ ∗
∗ ∗ ∗

P WT PET
k 0 PET

3

0 0 0 PET
2 0

0 0 0 0 0
−S−1 0 0 0 0

∗ −R−1 + εD3D
T
3 0 0 0

∗ ∗ −εI 0 0
∗ ∗ ∗ −εI 0
∗ ∗ ∗ ∗ −εI

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

< 0,

(21b)[
X Y
∗ EPT Z−1PET

]
≥ 0 (21c)

with

Λ11 = APT + PAT + BW + WT BT + Q + τmX
+ Y + Y T + εDkDT

k + εD2D
T
2

Λ13 = τmPAT + τmWT BT + ετmDkDT
k + ετmD2D

T
2 ,

then the controller (3) with respect to the additive controller
gain variations:

u(t) = (WP−T + D3F3E3)x(t) (22)

is a robust resilient guaranteed cost controller for system
(1), and the guaranteed cost is

J∗ = φT (0)P−1Eφ(0) +
∫ 0

−τ

φT (s)P−1QP−T φ(s)ds

+
∫ 0

−τ

∫ 0

β

φ̇T (α)ET Z−1Eφ̇(α)dαdβ. (23)

Proof: By Lemma 1, it can be obtained that

Ξ :=

⎡
⎢⎢⎢⎢⎣

Ξ1 (Aτ + �Aτ )PT − Y
P (Aτ + �Aτ )T − Y T −Q

τm(Ak + �Ak)PT τm(Aτ + �Aτ )PT

PT 0
(K + �K)PT 0

τmP (Ak + �Ak)T P P (K + �K)T

τmP (Aτ + �Aτ )T 0 0
−τmZ 0 0

0 −S−1 0
0 0 −R−1

⎤
⎥⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎣

Ξ2 AτP T − Y τmPAT
k P PKT

PAT
τ − Y T −Q τmPAT

τ 0 0
τmAkP T τmAτP T −τmZ 0 0

P T 0 0 −S−1 0
KP T 0 0 0 R−1

⎤
⎥⎥⎥⎦

+

⎡
⎢⎢⎢⎢⎣

Dk D2 0
0 0 0

τmDk τmD2 0
0 0 0
0 0 D3

⎤
⎥⎥⎥⎥⎦

⎡
⎣ Fk 0 0

0 F2 0
0 0 F3

⎤
⎦

×
⎡
⎣ EkPT 0 0 0 0

0 E2P
T 0 0 0

E3P
T 0 0 0 0

⎤
⎦

+(

⎡
⎢⎢⎢⎢⎣

Dk D2 0
0 0 0

τmDk τmD2 0
0 0 0
0 0 D3

⎤
⎥⎥⎥⎥⎦

⎡
⎣ Fk 0 0

0 F2 0
0 0 F3

⎤
⎦

×
⎡
⎣ EkPT 0 0 0 0

0 E2P
T 0 0 0

E3P
T 0 0 0 0

⎤
⎦)T

≤

⎡
⎢⎢⎢⎣

Ξ2 AτP T − Y τmPAT
k P PKT

PAT
τ − Y T −Q τmPAT

τ 0 0
τmAkP T τmAτP T −τmZ 0 0

P T 0 0 −S−1 0
KP T 0 0 0 R−1

⎤
⎥⎥⎥⎦

+ε

⎡
⎢⎢⎣

Dk D2 0
0 0 0

τmDk τmD2 0
0 0 0
0 0 D3

⎤
⎥⎥⎦

⎡
⎢⎢⎣

Dk D2 0
0 0 0

τmDk τmD2 0
0 0 0
0 0 D3

⎤
⎥⎥⎦

T

+ε−1

⎡
⎢⎢⎣

PET
k 0 PET

3

0 PET
2 0

0 0 0
0 0 0
0 0 0

⎤
⎥⎥⎦

⎡
⎢⎢⎣

PET
k 0 PET

3

0 PET
2 0

0 0 0
0 0 0
0 0 0

⎤
⎥⎥⎦

T

(24)
with

Ξ1 = (Ak + �Ak)PT + P (Ak + �Ak)T + Q + τmX
+ Y + Y T ,

Ξ2 = AkPT + PAT
k + Q + τmX + Y + Y T .

Concerning that Ak = A + BK and K = WP−T , then
by using a Schur complement argument, it follows that Ξ <
0 if (21b) is satisfied. Invoking again a Schur complement
argument one obtains that Ξ < 0 is equivalent to

Υ :=
[

Υ11 Υ12

∗ Υ22

]
< 0, (25)

with

Υ11 = (Ak + �Ak)PT + P (Ak + �Ak)T + Q + τmX
+ Y + Y T + τmP (Ak + �Ak)T Z−1(Ak + �Ak)PT

+ PSPT + P (K + �K)T R(K + �K)PT

Υ12 = (Aτ + �Aτ )PT − Y
+ τmP (Ak + �Ak)T Z−1(Aτ + �Aτ )PT

Υ22 = −Q + τmP (Aτ + �Aτ )T Z−1(Aτ + �Aτ )PT .

Pre-multiplying by diag{P−1, P−1} and post-multiplying
by {P−T , P−T } on both sides of (25), correspondingly,
pre-multiplying by P−1 and post-multiplying by P−T on
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both sides of (21a), pre-multiplying by diag{P−1, P−1}
and post-multiplying by diag{P−T , P−T } on both sides
of (21c), and denoting P̃ = P−1, Q̃ = P−1QP−T , X̃ =
P−1XP−T , Ỹ = P−1Y P−T , Z̃ = Z−1, we can easy see
that if there exist Q > 0, X ≥ 0, Z > 0, P, Y, W and
a scalar ε > 0 satisfying (21), then (10) has solutions
Q̃ > 0, X̃ ≥ 0, Z̃ > 0 and P̃ , Ỹ . According to Theorem
1, it gets that controller (22) is a robust resilient guaranteed
cost controller for system (1), and the guaranteed cost is

J∗ = φT (0)P̃Eφ(0) +
∫ 0

−τ

φT (s)Q̃φ(s)ds

+
∫ 0

−τ

∫ 0

β

φ̇T (α)ET Z̃Eφ̇(α)dαdβ

= φT (0)P−1Eφ(0) +
∫ 0

−τ

φT (s)P−1QP−T φ(s)ds

+
∫ 0

−τ

∫ 0

β

φ̇T (α)ET Z−1Eφ̇(α)dαdβ.

It completes the proof. �
For the multiplicative controller gain variations, the un-

certain matrix �Ak in the closed-loop system (5) can be
written as

�Ak = DcFcEc

=
[

D1 BD4

] [
F1 0
0 F4

] [
E1

E4K

]
. (26)

Similar to Theorem 2, we have:
Theorem 3: Consider uncertain singular time-delay sys-

tem (1) and the cost function (6). If there exist matrices
Q > 0, X ≥ 0, Z > 0, P, Y, W and a scalar ε > 0 with P
nonsingular satisfying (21a), (21c) and⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Ω11 AτPT − Y Ω13 P WT

∗ −Q τmPAT
τ 0 0

∗ ∗ Ω33 0 0
∗ ∗ ∗ −S−1 0
∗ ∗ ∗ ∗ −R−1 + εD4D

T
4

∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗
∗ ∗ ∗ ∗ ∗

PET
1 WT ET

4 0 WT ET
4

0 0 PET
2 0

0 0 0 0
0 0 0 0
0 0 0 0

−εI 0 0 0
∗ −εI 0 0
∗ ∗ −εI 0
∗ ∗ ∗ −εI

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

< 0 (27)

with

Ω11 = APT + PAT + BW + WT BT + Q + τmX
+ Y + Y T + εDcD

T
c + εD2D

T
2

Ω13 = τmPAT + τmWT BT + ετmDcD
T
c + ετmD2D

T
2

Ω33 = −τmZ + ετ2
mDcD

T
c + ετ2

mD2D
T
2 ,

then the controller (3) with respect to the multiplicative
controller gain variations:

u(t) = (I + D4F4E4)WP−T x(t) (28)

is a robust resilient guaranteed cost controller for system
(1), and the guaranteed cost is (23).

It is clear, the nonlinear term EPT Z−1PET in (21c)
makes that (21c) is not conformable to a LMI . However,
by using the cone complementarity linearization iterative
algorithm proposed in [14] by minor modification, we can
convert (21c) to solving a sequence of convex optimization
problems subject to LMIs.

Without loss of generality, it is assumed that E =[
Ip 0
0 0

]
, then

P =
[

P11 P12

0 P22

]
, Y =

[
Y11 0
Y21 0

]
, (29)

where P11 ∈ Rp×p, Y11 ∈ Rp×p, P11 > 0 and P is nonsin-
gular. Introducing new variables U > 0, T11 > 0, S11 > 0
and V11 > 0, and denote

X =
[

X11 X12

XT
12 X22

]
, U =

[
U11 U12

UT
12 U22

]
(30)

with X11 ∈ Rp×p, U11 ∈ Rp×p. Then it is easy to see that if
there are solutions P,X, Y, Z, U and V11, S11, T11 to (29),
(30) and

UZ = I, (31)⎡
⎣ X11 X12 Y11

∗ X22 Y21

∗ ∗ T11

⎤
⎦ ≥ 0, (32)

[
U11 V11

∗ S11

]
≥ 0 (33)

P11V11 = I, T11S11 = I, (34)

then (21c) has solutions X,Y, Z and P . Using the cone
complementary linearization iterative algorithm proposed in
[14], the problem to design the robust resilient guaranteed
cost controller with respect to the additive controller gain
variations can be considered as a cone complementary
problem subject to LMIs:

Minimize {tr(UZ)+tr(P11V11 + T11S11)} (35)
subject to⎧⎪⎪⎪⎨

⎪⎪⎪⎩

Q > 0, X ≥ 0, Z > 0, U > 0, ε > 0,

P11 > 0, V11 > 0, T11 > 0, S11 > 0,[
U I
I Z

]
≥ 0,

[
P11 I
I V11

]
≥ 0,

[
T11 I
I S11

]
≥ 0

(36)

and (21b), (29), (30), (32), (33).
Notice that the above problem is a non-convex

optimization problem. To solve the problem, we follow
the iterative linearization method via minor modification
proposed in [14] to solve this problem, and get the
algorithm described as follows.

Algorithm 1:
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(1) Make singular value decomposition to matrix

E: ŪEV̄ =
[

Σ 0
0 0

]
, where Ū , V̄ are orthogonal

matrices and Σ ∈ Rp×p is a diagonal matrix. Let

M =
[

Σ− 1
2 0

0 I

]
Ū and N = V̄

[
Σ− 1

2 0
0 I

]
,

then Ē = MEN =
[

Ip 0
0 0

]
. Take M,N as the

transformation matrices, then system (1) is r. s. e. to:⎧⎨
⎩

Ē ˙̄x(t) = (Ā + �Ā)x̄(t) + (Āτ + �Āτ )x̄(t − τ)
+ B̄u(t),

x̄(t) = N−1φ(t), t ∈ [−τ, 0]
(37)

where, Ā = MAN, Āτ = MAτN, B̄ = MB,
�Ā = D̄1F1Ē1, �Āτ = D̄2F2Ē2, D̄1 = MD1, D̄2 =
MD2, Ē1 = E1N, Ē2 = E2N. Correspondingly,
let Ē3 = E3N, S̄ = NT SN . For convenience,
we still denote Ē, Ā, Āτ , B̄, D̄1, D̄2, Ē1, Ē2, Ē3, S̄ as
E,A, Aτ , B, D1, D2, E1, E2, E3, S.

(2) For given τm > 0, find a feasible set Q,X, Z, P,
Y, W,U, P11, V11, S11, T11, ε satisfying (21b), (29), (30),
(32), (33) and (36). If there are none, exit. Otherwise set
U (0) = U,Z(0) = Z,P

(0)
11 = P11, V

(0)
11 = V11, T

(0)
11 =

T11, S
(0)
11 = S11, and verify the condition (21c). If (21c) is

satisfied, then the robust resilient guaranteed cost controller
is designed as u(t) = (WP−T + D3F3E3)N−1x(t) and
the guaranteed cost is

J∗ = φT (0)N−T P−1EN−1φ(0)
+

∫ 0

−τ
φT (s)N−T P−1QP−T N−1φ(s)ds

+
∫ 0

−τ

∫ 0

β
φ̇T (α)N−T ET Z−1EN−1φ̇(α)dαdβ.

(38)
If (21c) is not satisfied, set the index of the objective
function in the next step as k = 0 and go to step (3).

(3) Solve the following convex optimization problem for
the variables Q,X, Z, P, Y, W, U, P11, V11, S11, T11 and ε:

Minimize { tr(U (k)Z + Z(k)U)

+tr(P (k)
11 V11 + V

(k)
11 P11 + T

(k)
11 S11 + S

(k)
11 T11) }

subject to (21b), (29), (30), (32), (33) and (36).

Set U (k+1) = U,Z(k+1) = Z,P
(k+1)
11 = P11, V

(k+1)
11 =

V11, T
(k+1)
11 = T11, S

(k+1)
11 = S11.

(4) Verify the condition (21c). If condition (21c) is
satisfied, then the robust resilient guaranteed cost controller
is designed as u(t) = (WP−T +D3F3E3)N−1x(t) and the
guaranteed cost is (38). If condition (21c) is not satisfied
within a specified number of steps of iterations, then exit.
Otherwise, set the index k of the objective function in Step
(3) as k + 1 and go to Step (3).

Remark 1: Algorithm 1 gives a method to design the the
robust resilient guaranteed cost controller with respect to the
additive controller gain variations. Similarly, the algorithm
to design the the robust resilient guaranteed cost controller
with respect to the multiplicative controller gain variations

can be obtained by minor modification to Algorithm 1.

IV. CONCLUSIONS

In this paper, the delay-dependent robust resilient guar-
anteed cost control for a class of uncertain singular time-
delay systems is investigated. Based on the delay-dependent
stability criterion for the nominal singular time-delay sys-
tem, a sufficient condition of the existence of the robust
resilient guaranteed cost controller is established. Then the
resilient controller with respect to additive and multiplica-
tive controller gain variations is designed by using the cone
complementarity linearization iterative algorithm.
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