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Abstract: This paper is concerned with the problem of state-feedback guaranteed cost controller design for uncertain

networked control systems with both network-induced delay and data dropout taken into consideration. First, the sufficient

condition for the existence of the networked guaranteed quadratic cost controller is obtained in terms of matrix inequal-

ities by employing the delay-dependent approach and introducing free weighting matrices. Then based on this sufficient

condition, the controller design method is deduced in terms of linear matrix inequalities. The solution of the linear matrix

inequalities can be used to construct the corresponding guaranteed cost control law. Furthermore the suboptimal networked

guaranteed cost controller design method is obtained with cone complementarity linearization algorithm. Finally a nu-

merical example demonstrates the application and effectiveness of the proposed controller design method. The control

performance of the traditional guaranteed cost controller and the NCS are compared by simulations.
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1 (Introduction)
(networked control systems,

NCSs)
[1∼3]. [4,5],
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, NCSs

,

NCSs.

,

. NCSs

, [2,3]

, LMI

,

,

,

.

2 (Problem description)

ẋ(t) = [A + ΔA(t)]x(t) + [B + ΔB(t)]u(t). (1)

: x(t) ∈ R
n u(t) ∈ R

m

, A B ,

ΔA ΔB , :[
ΔA(t) ΔB(t)

]
= GF (t)

[
Ea Eb

]
. (2)

: G, Ea Eb , F (t)
, t Lebesque ,

FT(t)F (t) � I. (3)

NCS ,

, .

,

NCS

ẋ(t) = [A + ΔA(t)]x(t) + [B + ΔB(t)]u(t),

t ∈ [ikh + τk, ik+1h + τk+1), (4)

u(t+) = Kx(t − τk),

t ∈ {ikh + τk, k = 1, 2, · · · }, (5)

: h , ik(k = 1, 2, 3, · · · ) ,

{i1, i2, i3, · · · }⊂ {0, 1, 2, 3, · · · }. τk ikh

,

.

{i1, i2, i3, · · · } = {0, 1, 2, 3, · · · }
, .

ik+1 = ik + 1, h + τk+1 > τk,

. ,
∞⋃

k=1

[ikh + τk, ik+1h + τk+1) =

[t0,∞), t0 � 0. 1

u(t) = 0.

η > 0,

(ik+1 − ik)h + τk+1 � η, k = 1, 2, · · · , (6)

, NCS

ẋ(t) = [A + ΔA(t)]x(t) + [B + ΔB(t)]Kx(ikh),

t ∈ [ikh + τk, ik+1h + τk+1), (7)

x(t) = Φ(t, t0 − η)x(t0 − η) � ϕ(t),

t ∈ [t0 − η, t0), (8)

Φ̇(t, t0 − η) = [A + ΔA(t)]Φ(t, t0 − η), t ∈
[t0 − η, t0).

J =
� ∞

t0
[xT(t)Rx(t) + uT(t)Su(t)]dt, (9)

R S .

J=
� ∞

t0
xT(t)Rx(t)dt +

� ∞

t0
uT(t)Su(t)dt =� ∞

t0
xT(t)Rx(t)dt +

∞∑
k=1

� ik+1h+τk+1

ikh+τk

xT(ikh)KTSKx(ikh)dt. (10)

, :

1 (1) (9),

u∗(t) J∗,

, (7)

, (10) J � J∗, J∗

(7)(8) , u∗(t)
(1) .

3 (Main results)
1 (1), (9)

η, P Q,

Ni Mi(i = 1, 2, 3),

(3) F (t), (6)[
Ξ11 + diag{R KTSK 0} ∗

Ξ21 Ξ22

]
< 0, (11)

:

Ξ11 =

⎡
⎣Γ11 ∗ ∗

Γ21 Γ22 ∗
Γ31 Γ32 Γ33

⎤
⎦,

Ξ21 =
[
ηNT

1 ηNT
2 ηNT

3

]
,Ξ22 =

[−ηQ
]
,

Γ11 =N1 + NT
1 − M1[A + ΔA(t)]−

[A + ΔA(t)]TMT
1 ,
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Γ21 =N2 − NT
1 − M2[A + ΔA(t)]−

KT[B + ΔB(t)]TMT
1 ,

Γ22 =N2 − NT
2 − M2[B + ΔB(t)]K−

KT[B + ΔB(t)]TMT
2 ,

Γ31 = P + N3 − M3[A + ΔA(t)] + MT
1 ,

Γ32 = −N3 − M3[B + ΔB(t)]K + MT
2 ,

Γ33 = ηQ + M3 + MT
3 ,

(5) (1)

, (10)

J∗ = xT(t0)Px(t0) +
� 0

−η

� t0

t0+θ
ϕ̇T(s)Qϕ̇(s)dsdθ.

(12)

(7) x(t)−x(ikh)−
� t

ikh
ẋ(s)ds

= 0, Ni Mi(i = 1, 2, 3),

2
[
xT(t)N1 + xT(ikh)N2 + ẋT(t)N3

]·
[x(t) − x(ikh) −

� t

ikh
ẋ(s)ds] = 0, (13)

2
[
xT(t)M1 + xT(ikh)M2 + ẋT(t)M3

]·
[−(A + ΔA(t))x(t)−
(B + ΔB(t))Kx(ikh) + ẋ(t)] = 0. (14)

Lyapunov

V (t)=xT(t)Px(t)+
� 0

−η

� t

t+θ
ẋT(s)Qẋ(s)dsdθ.

t ∈ [ikh + τk, ik+1h + τk+1), (7)

V (t) , (13)(14)

V̇ (t) =

2xT(t)Pẋ(t)+ηẋT(t)Qẋ(t)−
� t

t−η
ẋT(s)Qẋ(s)ds=

2xT(t)Pẋ(t)+ηẋT(t)Qẋ(t)−
� t

t−η
ẋT(s)Qẋ(s)ds+

2eT(t)N [x(t) − x(ikh) −
� t

ikh
ẋ(s)ds] +

2eT(t)M [−(A + ΔA(t))x(t) −
(B + ΔB(t))Kx(ikh) + ẋ(t)] �
2xT(t)Pẋ(t) + ηẋT(t)Qẋ(t) +

2eT(t)N [x(t) − x(ikh)] +

2eT(t)M [−(A + ΔA(t))x(t) −
B + ΔB(t))Kx(ikh) + ẋ(t)] +

ηeT(t)NQ−1NTe(t) +
� t

ikh
ẋTQẋ(s)ds −� t

t−η
ẋTQẋ(s)ds � eT(t)Ωe(t).

:

eT = [xT(t) xT(ikh) ẋT(t)],

NT = [NT
1 NT

2 NT
3 ],

MT = [MT
1 MT

2 MT
3 ],

Ω = Ξ11 + ηNQ−1NT.

(11) Schur , t ∈ [ikh +
τk, ik+1h + τk+1),

V̇ (t) < eT(t)diag{−R − KTSK 0}e(t) � 0,

(15)

t ∈ [ikh + τk, ik+1h + τk+1),

V̇ (t) � −λ‖x(t)‖2 − λ‖x(ikh)‖2,

λ = min{λmin(R), λmin(KTSK)}.

W (t) = eεtV (t), [2]

, (7) .

ikh + τk t ∈ [ikh + τk, ik+1h + τk+1),

(15)

V (t) − V (ikh + τk) <

−
� t

ikh+τk

xT(s)Rx(s)ds −� t

ikh+τk

xT(ikh)KTSKx(ikh)ds,

x(t) t , V (t) .

t ∈ [ilh + τl, il+1h + τl+1), l .
l⋃

k=1

[ikh + τk, ik+1h + τk+1) = [t0, il+1h + τl+1)

V (t) − V (t0) �

−
� t

t0
xT(s)Rx(s)ds−

l∑
k=1

� ik+1h+τk+1

ikh+τk

xT(ikh)KTSKx(ikh)ds,

l → ∞ ,

V (∞) − V (t0) �
−

� ∞

t0
xT(s)Rx(s)ds −

∞∑
k=1

� ik+1h+τk+1

ikh+τk

xT(ikh)KTSKx(ikh)ds,

V (∞) → 0.

, (10) (12). 1 .

1

, (11)

ΔA(t) ΔB(t), ,

LMI . 1

, LMI

.



108 25

2 (1), (9),

ρl(l = 2, 3) η,

P̃ Q̃, X = XT, Z,

Ñi (i = 1, 2, 3) ε > 0,

(6) LMI :[
Ξ̃11 ∗
Ξ̃21 Ξ̃22

]
< 0. (16)

:

Ξ̃11 =

⎡
⎢⎣Γ̃11 ∗ ∗

Γ̃21 Γ̃22 ∗
Γ̃31 Γ̃32 Γ̃33

⎤
⎥⎦,

Ξ̃21 =

⎡
⎢⎢⎢⎣

ηÑT
1 ηÑT

2 ηÑT
3

EaX
T EbZ 0

XT 0 0
0 Z 0

⎤
⎥⎥⎥⎦,

Ξ̃22 = diag{−ηQ̃ − εI − R−1 − S−1},
Γ̃11 =Ñ1 + ÑT

1 − AXT − XAT + εGGT,

Γ̃21 =Ñ2−ÑT
1 −ρ2AXT−ZTBT+ερ2GGT,

Γ̃22 =Ñ2−ÑT
2 −ρ2BZ−ρ2Z

TBT+ερ2GGTρ2,

Γ̃31 = P̃ + Ñ3 − ρ3AXT + X + ερ3GGT,

Γ̃32 = −Ñ3 − ρ3BZ + ρ2X + ερ3GGTρ2,

Γ̃33 = ηQ̃ + ρ3X
T + ρ3X + ερ3GGTρ3,

(5) (1)

. , LMI(16) P̃ , Q̃, X, Z,

Ñi(i = 1, 2, 3) ε,

u∗(t+)=X−Tx(t−τk), t∈{ikh+τk, k=1, 2,· · ·},
(17)

J∗ = xT(t0)X−1P̃X−Tx(t0) +� 0

−η

� t0

t0+θ
ϕ̇T(s)X−1Q̃X−Tϕ̇(s)dsdθ. (18)

Y =

⎡
⎣Y11 ∗ ∗

Y21 Y22 ∗
Y31 Y32 Y33

⎤
⎦ + diag{R KTSK 0},

:

Y11 = N1 + NT
1 − M1A − ATMT

1 ,

Y21 = N2 − NT
1 − M2A − KTBTMT

1 ,

Y22 = −N2 − NT
2 − M2BK − KTBTMT

2 ,

Y31 = P + N3 − M3A + MT
1 ,

Y32 = −N3 − M3BK + MT
2 ,

Y33 = ηQ + M3 + MT
3 .

ε > 0,

Y + ηNQ−1NT −
⎡
⎣M1G

M2G

M3G

⎤
⎦F

[
Ea EbK 0

] −
[
Ea EbK 0

]T
FT

⎡
⎣M1G

M2G

M3G

⎤
⎦

T

<

Y + ηNQ−1NT + ε

⎡
⎣M1G

M2G

M3G

⎤
⎦

⎡
⎣M1G

M2G

M3G

⎤
⎦

T

+

ε−1
[
Ea EbK 0

]T[
Ea EbK 0

]
< 0, (19)

Schur , (11) .

Schur , (19)[
Ξ̂11 + diag{R KTSK 0} ∗

Ξ̂21 Ξ̂22

]
< 0. (20)

:

Ξ̂11 =

⎡
⎢⎣Γ̂11 ∗ ∗

Γ̂21 Γ̂22 ∗
Γ̂31 Γ̂32 Γ̂33

⎤
⎥⎦,

Ξ̂21 =
[
ηNT

1 ηNT
2 ηNT

3

Ea EbK 0

]
,

Ξ̂22 = diag{−ηQ − εI },
Γ̂11 =N1 + NT

1 − M1A − ATMT
1 εM1GGTMT

1 ,

Γ̂21 =N2−NT
1 −M2A−KTBTMT

1 +εM2GGTMT
1 ,

Γ̂22 =N2−NT
2 −M2BK−KTBTMT

2 +εM2GGTMT
2 ,

Γ̂31 = P + N3 − M3A + MT
1 + εM3GGTMT

1 ,

Γ̂32 = −N3 − M3BK + MT
2 + εM3GGTMT

2 ,

Γ̂33 = ηQ + M3 + MT
3 + εM3GGTMT

3 .

M1 = M0, M2 = ρ2M0, M3 = ρ3M0.

, (20) M0 . (20)

diag{X, X, X, X, I, I, I, I} ,

X = M−1
0 , Schur

P̃ = XPXT, Q̃ = XQXT, Ñi = XNiX
T(i =

1, 2, 3), Z = KXT, LMI(16).

(11) (17). 2 .

1 2 LMI

,

LMIs .

,

J∗ .
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(18),

J∗ = tr(xT(t0)X−1P̃X−Tx(t0)) +

tr(
� 0

−η

� t0

t0+θ
ϕ̇T(s)X−1Q̃X−Tϕ̇(s)dsdθ) =

tr(x(t0)xT(t0)X−1P̃X−T) +

tr(
� 0

−η

� t0

t0+θ
ϕ̇(s)ϕ̇T(s)X−1Q̃X−Tdsdθ) =

tr(x(t0)xT(t0)X−1P̃X−T) +

tr(
� 0

−η

� t0

t0+θ
ϕ̇(s)ϕ̇T(s)dsdθX−1Q̃X−T).

Φ1 = x(t0)xT(t0),

Φ2 =
� 0

−η

� t0

t0+θ
ϕ̇(s)ϕ̇T(s)dsdθ,

J∗ = tr(Φ1X
−1P̃X−T) + tr(Φ2X

−1Q̃X−T).

W1 = WT
1 , W2 = WT

2 ,

X−1P̃X−T < W1, X
−1Q̃X−T < W2,

Schur[
W1 X−1

X−T P̃−1

]
> 0,

[
W2 X−1

X−T Q̃−1

]
> 0. (21)

, (1), (9)

η, ρ2 ρ3,

min
A

tr(V1P̃ + V2Q̃ + V3X)

ε > 0, P̃ > 0, Q̃ > 0, W1 > 0, W2 > 0, (16), (21)

.

A = ε, P̃ , Q̃, X, Z, Ñi(i = 1, 2, 3), W1, W2.

,

LMI

. γ,

tr (Φ1W1 + Φ2W2)) < γ. (22)

3 (1) (9),

η, ρ2, ρ3 γ > 0,

min
B

tr(V1P̃ + V2Q̃ + V3X)

ε > 0, P̃ > 0, Q̃ > 0, X < 0,

Wj(j = 1, 2) > 0, Vr(r = 1, 2) > 0, V3 < 0,

(16), (22),[
W1 V3

V T
3 V1

]
> 0,

[
W2 V3

V T
3 V2

]
> 0,

[
V1 I

I P̃

]
> 0,

[
V2 I

I Q̃

]
> 0,

[−V3 I

I −X

]
> 0

ε, P̃ , Q̃, X , Z, Ñi(i = 1, 2, 3),

Wj(j = 1, 2) Vr(r = 1, 2, 3),

(17)

J∗ < γ.

B = ε, P̃ , Q̃, X, Z, Ñi(i = 1, 2, 3),

W1, W2, Vr(r = 1, 2, 3).

V1 = P̃−1, V2 = Q̃−1, V3 = X−1,

cone complementarity linearization(CCL)

3 LMIs .

3 .

4 (Numerical example)

(1)∼(3), :

A =
[
0 1
0−0.1

]
, B =

[
0
0.1

]
, G =

[
1 0
0 1

]
,

Ea =
[
0.1 0.1
0.1 0.1

]
, Eb =

[
0.1
0.1

]
;

:

x1(t) = et+1, x2(t) = 0, t ∈ [−η, 0];

:

R =
[
0.5 0
0 0.5

]
, S = 1;

h = 0.1 s.

ρ2 = 0.2, ρ3 = 0.45 , LMI

ηmax = 0.78 s. η = 0.5 s, 2 (5)

K =
[−0.97659 − 1.6283

]
,

J∗ = 67.816. [7] 7.1.2

.

K =
[−0.99811 − 1.5006

]
,

J∗ = 54.212. ,

,

.

1 τk = η − h = 0.5 −
0.1 = 0.4 s, F = diag{sin(0.1t) sin(0.3t)}

,
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, . 1 ,

,

NCS .

1 , (s),

h = 0.1, η = 0.5

Fig. 1 The state response simulation of guaranteed cost

controls, response time (s), h = 0.1, η = 0.5

5 (Conclusion)

,

.

, Lyapunov-Krasovskii

,

,

, ,

NCS

.
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