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Abstract: This paper is concerned with the robust stability of a class of linear uncertain stochastic systems with non-

linear time-varying stochastic time-delay which is characterized by a Bernoulli stochastic process with given distribution

probability in a given variation range. By constructing a new Lyapunov-Krasovskii functional, we derive for the system

the sufficient conditions of mean-square exponential stability in terms of the linear matrix inequalities(LMIs), which can

be checked readily by using MATLAB toolbox. The feature of our results is the conclusion of stability conditions being

dependent not only on the probability distribution of the time-delay, but also on the upper bound of the its derivative. Mean-

while, we also show that the allowable variation range of thetime-varying stochastic time-delay can be greater than that of

a deterministic time-delay in ensuring the same stability;this demonstrates the less conservativeness of our requirements

than the traditional ones. An example is given to illustratethe effectiveness of the proposed method.

Key words: varying delay-probability-distribution; uncertain stochastic system; free weight matrix; robust stability;

linear matrix inequality(LMI)
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J�Ù¦©z�'�ü$
XÚ�Å5.

2 XXXÚÚÚ£££ããã(System description)
ÎÒ`²: I�·��êü Ý
, ∗L«Ý
é

¡�, E{·}L«¦Ï", diag{·}L«é�Ý
.

�Ä±eØ(½�Å�¢XÚ:



dx(t)=[A(t)x(t)+B(t)(x(t−τ(t)))]dt+

g(t, x(t), x(t − τ(t)))dω(t),

x(t) = ξ(t), t ∈ [−τM, 0].

(1)

Ù¥: x(t) ∈ R
n�XÚG�Cþ; τ(t)��¢

Cþ, �÷v0 < τ(t) < τM, τM�XÚ���¢,
A(t) = A + ∆A(t), B(t) = B + ∆B(t); A,B �®

�·��êÝ
, ∆A(t),∆B(t)L«XÚëêØ(

½��÷v

[∆A(t) ∆B(t)] = EF (t)[H1 H2], (2)

ùp: E,H1,H2�®�·��êÝ
, F (t)�·�

�ê�C��Ý
�÷v

FT(t)F (t) 6 I, ∀t ∈ R. (3)

g(t, x(t), x(t− τ(t))) ∈ R
n×n���5¼ê,�÷v

tr[gT(t, x(t), x(t−τ(t)))][g(t, x(t), x(t−τ(t)))]6

‖G0x(t)‖2 + ‖G1x(t − τ(t)))‖2, (4)

Ù¥G0, G1�®�~ê·��êÝ
. ω(t)�½Â

3��VÇ�mþ�m�ÙK$Ä�÷v

E{dω(t)} = 0, E{dω2(t)} = dt.

bbb��� 1 �Ä�¢�VÇ©Ù&E, ½Â±e
ü�8Ü:

Ω1 = {t : τ(t) ∈ [0, τ0)}
±9

Ω2 = {t : τ(t) ∈ [τ0, τM)},

τ1(t) =

{
τ(t), t ∈ Ω1,

τ 1, t ∈ Ω2.

τ2(t) =

{
τ(t), t ∈ Ω2,

τ 2, t ∈ Ω1.


�¢��ê÷v

τ̇1(t) 6 µ1 < ∞, τ̇2(t) 6 µ2 < ∞, (5)

Ù¥: τ0 ∈ [0, τM], τ̄1 ∈ [0, τ0], τ̄2 ∈ [τ0, τM].

Ïd�±½Â�ÅCþ:

α(t) =

{
1, t ∈ Ω1,

0, t ∈ Ω2.

ù��t ∈ Ω1�,C�¢τ(t)VÇ©Ù3«m[0, τ0 ],
�t ∈ Ω2 �,C�¢τ(t)VÇ©Ù3«m[τ0 , τM].

bbb��� 2 α(t)´�Bernoulli©ÙS��÷v

P{α(t) = 1} = E{α(t)} = α0,

P{α(t) = 0} = 1 − E{α(t)} = 1 − α0,

ùp0 6 α0 6 1��~ê.

555 1 db�2,N´��:

E{α(t) − α0} = 0,

E{α(t) − α0}
2 = α0(1 − α0).

Äk�Ä±evkØ(½���ÅXÚ:




dx(t) = [Ax(t) + B(x(t − τ(t)))]dt+

g(t, x(t), x(t − τ(t)))dω(t),

x(t) = ξ(t), t ∈ [−τM, 0].

(6)

db�1Ú2,�±íÑXÚ(6)�du

dx(t) =

[Ax(t) + α0B(x(t − τ1(t))) +

(1 − α0)B(x(t − τ2(t))) + (α(t) −
α0)B(x(t − τ1(t)) − x(t − τ2(t)))]dt +

g(t, x(t), x(t−τ1(t)), x(t−τ2(t)))dω(t). (7)

�
y²�B,-

y(t) = Ax(t) + α0B(x(t − τ1(t))) +

(1 − α0)B(x(t − τ2(t))) + (α(t) −
α0)B(x(t − τ1(t)) − x(t − τ2(t))),

g(t) = g(t, x(t), x(t − τ1(t)), x(t − τ2(t))).

½½½ÂÂÂ 1 Ø(½�Å�¢XÚ(1)�°��Å
­½�,XJ�3�Iþε > 0,¦�eª¤á:

lim
T→∞

E{
w T

0
‖x(t)‖2} < ε sup

s∈[−τM,0]

E{‖ξ(s)‖2}.

ÚÚÚnnn 1[4] b½U, V,W±9M�·��ê¢Ý


,�Ý
M÷vM = MT,Ké¤kV TV 6 I,Ø
�ª

M + UV W + W TV TUT < 0

¤á,��=��3Iþε > 0¦�

M + ε−1UUT + εW TW < 0.

ÚÚÚnnn 2[4] é?¿�é¡~Ý
M ∈ R
n×nÚI

þγ > 0,XJ�3¥þ¼êω : [0, γ] → R
n¦�È

©
w γ

0
ωT(s)Mω(s)dsÚ

w γ

0
ω(s)dsk¿Â,Ke¡Ø

�ª¤á:

γ
w γ

0
ωT(s)Mω(s)ds >

(
w γ

0
ωT(s)ds)M(

w γ

0
ω(s)ds).

3 ÌÌÌ���(((JJJ(Main results)
½½½nnn 1 �½Iþλ∗ > 0, τ0 > 0, τM > 0, µ1 >

0, α0 > 0÷vα0µ1 < 1,XÚ(6)��Å­½�. X
J�3�½Ý
P > 0, Qj > 0(j = 1, 2, 3), R1 >

0, R2 > 0, S1 > 0, S2 > 0,±9·��ê¢Ý

Mi, Ni(i = 1, 2, · · · , 6)¦�±eÝ
Ø�ª¤á:

P + τ0S1 + (τM − τ0)S2 < λ∗I, (8)
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Ω =




Ψ M M̄ M̃ N N̄

∗ −S1 0 0 0 0

∗ ∗ −S1 0 0 0

∗ ∗ ∗ −S1 0 0

∗ ∗ ∗ ∗ −S2 0

∗ ∗ ∗ ∗ ∗ −S2




< 0, (9)

ùpΨ�12112�Ý
. ½ÂΨ = Ψi×j(i, j = 1, · · · ,

12),Ù¥:
Ψ1,1 = Q1 + Q2 + Q3 + λ∗GT

0 G0 + M1 +

MT
1 + N5A + ATNT

5 ,

Ψ1,2 = −M1 + MT
2 , Ψ1,3 = α0N5B, Ψ1,4 = 0,

Ψ1,5 = (1 − α0)N5B, Ψ1,6 = 0,

Ψ1,7 = P − ATNT
6 − N5, Ψ1,8 = −M1,

Ψ1,9 = Ψ1,10 = Ψ1,11 = Ψ1,12 = 0,

Ψ2,2 = −(1 − α0µ1)Q1 − M2 − MT
2 + M3 + MT

3 ,

Ψ2,3 = −M3 + MT
4 , Ψ2,4 = Ψ2,5 = Ψ2,6 = 0,

Ψ2,7 = 0, Ψ2,8 = −M2, Ψ2,9 = −M3,

Ψ2,10 = Ψ2,11 = Ψ2,12 = 0,

Ψ3,3 = λ∗α0G
T
1 G1 − M4 − MT

4 + M5 + MT
5 ,

Ψ3,4 = −M5 + MT
6 , Ψ3,5 = Ψ3,6 = Ψ3,8 = 0,

Ψ3,7 = α0B
TNT

6 , Ψ3,9 = −M4,

Ψ3,10 = −M5, Ψ3,11 = Ψ3,12 = 0,

Ψ4,4 = −Q2 − M6 − NT
6 + N1 + NT

1 ,

Ψ4,5=−N1+NT
2 , Ψ4,6 =Ψ4,7=Ψ4,8 =Ψ4,9 =0,

Ψ4,10 = −M6, Ψ4,11 = −N1, Ψ4,12 = 0,

Ψ5,5 = λ∗(1 − α0)G
T
1 G1 − N2 − NT

2 + N3 + NT
3 ,

Ψ5,6 = −N3 + NT
4 , Ψ5,7 = (1 − α0)B

TNT
6 ,

Ψ5,8 = Ψ5,9 = Ψ5,10 = 0, Ψ5,11 = −N2,

Ψ5,12 = −N3, Ψ6,6 = −Q3 − N4 − NT
4 ,

Ψ6,7=Ψ6,8 =Ψ6,9 =Ψ6,10=Ψ6,11 =0, Ψ6,12 =−N4,

Ψ7,7 = τ0R1 + (τM − τ0)R2 − N6 − NT
6 ,

Ψ7,8 = Ψ7,9 = Ψ7,10 = Ψ7,11 = Ψ7,12 = 0,

Ψ8,9 = Ψ8,10 = Ψ8,11 = Ψ8,12 = 0,

Ψ8,8 = − 1

α0τ0

R1, Ψ9,9 = − 1

τ0(1 − α0)
R1,

Ψ9,10 = Ψ9,11 = Ψ9,12 = 0,

Ψ10,10 = − 1

τ0

R1, Ψ10,11 = Ψ10,12 = Ψ11,12 = 0,

Ψ11,11 = Ψ12,12 = − 1

τM − τ0

R2,

MT = [MT
1 MT

2 0 0 0 0 0 0 0 0 0 0],

M̄T = [0 MT
3 MT

4 0 0 0 0 0 0 0 0 0],

M̃T = [0 0 MT
5 MT

6 0 0 0 0 0 0 0 0],

NT = [0 0 0 NT
1 NT

2 0 0 0 0 0 0 0 ],

N̄T = [0 0 0 0 NT
3 NT

4 0 0 0 0 0 0 ].

yyy �XeLyapunov-Krasovskii�¼:

V (xt, t) =
4∑

i=1

Vi(xt, t),

Ù¥:

V1(xt, t) = x(t)TPx(t),

V2(xt, t) =
w t

t−α0τ1(t)
xT(s)Q1x(s)ds +

w t

t−τ0

xT(s)Q2x(s)ds +

w t

t−τM

xT(s)Q3x(s)ds,

V3(xt, t) =
w 0

−τ0

w t

t+s
yT(θ)R1y(θ)dθds +

w
−τ0

−τM

w t

t+s
yT(θ)R2y(θ)dθds,

V4(xt, t) =
w 0

−τ0

w t

t+s
tr[gT(θ)S1g(θ)]dθds +

w
−τ0

−τM

w t

t+s
tr[gT(θ)S2g(θ)]dθds.

|^�Búª[6], V (xt, t)éXÚ(6)��Å�©�

dV (xt, t) = LV (xt, t)dt + 2x(t)TPg(t)dω(t),

(10)

Ù¥:

LV (xt, t) =
4∑

i=1

LVi(xt, t), (11)

LV1(xt, t) = 2x(t)TPy(t) + gT(t)Pg(t), (12)

LV2(xt, t) 6

xT(t)(Q1 + Q2 + Q3)x(t) − (1 −
α0µ1)x

T(t − α0τ1(t))Q1x(t − α0τ1(t)) −
xT(t − τ0)Q2x(t − τ0) −
xT(t − τM)Q3x(t − τM), (13)

LV3(xt, t) =

y(t)T[τ0R1 + (τM − τ0)R2]y(t) −w t

t−α0τ1(t)
yT(s)R1y(s)ds −

w t−α0τ1(t)

t−τ1(t)
yT(s)R1y(s)ds −

w t−τ1(t)

t−τ0

yT(s)R1y(s)ds −
w t−τ0

t−τ2(t)
yT(s)R2y(s)ds −

w t−τ2(t)

t−τM

yT(s)R2y(s)ds 6

y(t)T[τ0R1 + (τM − τ0)R2]y(t) −
1

α0τ0

w t

t−α0τ1(t)
yT(s)dsR1

w t

t−α0τ1(t)
y(s)ds −
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1

τ0(1 − α0)

w t−α0τ1(t)

t−τ1(t)
yT(s)ds ×

R1

w t−α0τ1(t)

t−τ1(t)
y(s)ds −

1

τ0

w t−τ1(t)

t−τ0

yT(s)dsR1

w t−τ1(t)

t−τ0

y(s)ds −
1

τM − τ0

w t−τ0

t−τ2(t)
yT(s)dsR2

w t−τ0

t−τ2(t)
y(s)ds −

1

τM−τ0

w t−τ2(t)

t−τM

yT(s)dsR2

w t−τ2(t)

t−τM

y(s)ds, (14)

LV4(xt, t) 6

tr[gT(t)(τ0S1 + (τM − τ0)S2)]g(t) −w t

t−α0τ1(t)
tr[gT(s)S1g(s)]ds −

w t−α0τ1(t)

t−τ1(t)
tr[gT(s)S1g(s)]ds −

w t−τ1(t)

t−τ0

tr[gT(s)S1g(s)]ds −
w t−τ0

t−τ2(t)
tr[gT(s)S2g(s)]ds −

w t−τ2(t)

t−τM

tr[gT(s)S2g(s)]ds. (15)

é?¿·��êÝ
Mi , Ni(i = 1, 2, · · · , 6),k

[xT(t)M1 + xT(t − α0τ1(t))M2][x(t) −
xT(t − α0τ1(t)) −

w t

t−α0τ1(t)
y(s)ds −

w t

t−α0τ1(t)
g(s)dw(s)] = 0, (16)

[xT(t − α0τ1(t))M3 + xT(t − α1τ1(t))M4] ·
[x(t − α0τ1(t)) − xT(t − τ1(t)) −w t−α0τ1(t)

t−τ1(t)
y(s)ds−

w t−α0τ1(t)

t−τ1(t)
g(s)dw(s)] = 0, (17)

[xT(t − τ1(t))M5 + xT(t − τ0)M6] ·
[x(t − τ1(t)) − xT(t − τ0) −w t−τ1(t)

t−τ0

y(s)ds −
w t−τ1(t)

t−τ0

g(s)dw(s)] = 0, (18)

[xT(t − τ0)N1 + xT(t − τ2(t))N2] ·
[x(t − τ0) − xT(t − τ2(t)) −

w t−τ0

t−τ2(t)
y(s)ds −

w t−τ0

t−τ2(t)
g(s)dw(s)] = 0, (19)

[xT(t − τ2(t))N3 + xT(t − τM)N4] ·
[x(t − τ2(t)) − xT(t − τM) −
w t−τ2(t)

t−τM

y(s)ds −
w t−τ2(t)

t−τM

g(s)dw(s)] = 0, (20)

[xT(t)N5 + yT(t)N6][Ax(t) + α0B(x(t −
τ1(t)))+ (1 − α0)B(x(t − τ2(t))) +

(α(t) − α0)B(x(t − τ1(t)) − x(t −

τ2(t))) − y(t)] = 0. (21)

éª(16)∼(21),?�Ú�±��

−2ζT(t)M
w t

t−α0τ1(t)
g(t)dw(s) 6

ζT(t)MS−1
1 MTζ(t) + ΣT

1 S1Σ1, (22)

−2ζT(t)M̄
w t−α0τ1(t)

t−τ1(t)
g(t)dw(s) 6

ζT(t)M̄S−1
1 M̄Tζ(t) + ΣT

2 S1Σ2, (23)

−2ζT(t)M̃
w t−τ1(t)

t−τ0

g(t)dw(s) 6

ζT(t)M̃S−1
1 M̃Tζ(t) + ΣT

3 S1Σ3, (24)

−2ζT(t)N
w t−τ0

t−τ2(t)
g(t)dw(s) 6

ζT(t)NS−1
2 NTζ(t) + ΣT

4 S2Σ4, (25)

−2ζT(t)N̄
w t−τ2(t)

t−τM

g(t)dw(s) 6

ζT(t)N̄S−1
2 N̄Tζ(t) + ΣT

5 S2Σ5. (26)

ùp:

ζT(t) =

[xT(t) xT(t − α0τ1(t)) xT(t − τ1(t))

xT(t − τ0) xT(t − τ2(t)) xT(t − τM)

yT(t)
w t

t−α0τ1(t)
yT(s)ds

w t−α0

t−τ1(t)
yT(s)ds

w t−τ1(t)

t−τ0

yT(s)ds

w t−τ0(t)

t−τ2(t)
yT(s)ds

w t−τ2

t−τM

yT(s)ds],

Σ1 =
w t

t−α0τ1(t)
g(s)dw(s),

Σ2 =
w t−α0τ1(t)

t−τ1(t)
g(s)dw(s),

Σ3 =
w t−τ1(t)

t−τ0

g(s)dw(s),

Σ4 =
w t−τ0

t−τ2

g(s)dw(s),

Σ5 =
w t−τ2

t−τM

g(s)dw(s).

|^b�1!b�2±9ªf(4)Úªf(8)�±��

E{tr[gT(t)(P + τ0S1 + (τM − τ0)S2g(t))]} 6

λmax(P̄ )E{tr[gT(t)g(t)]} =

λ∗xT(t)GT
0 G0x(t)+λ∗α0x

T(t −
τ1(t))G

T
1 G1x(t − τ1(t)) + λ∗(1 − α0)x

T(t −
τ2(t))G

T
1 G1x(t − τ2(t)), (27)

Ù¥:
P̄ = P + τ0S1 + (τM − τ0)S2, λ∗ = λmax{P̄}.
qd�BÈ©5��±��

E{
w t

t−α0τ1(t)
gT(s)dw(s)S1

w t

t−α0τ1(t)
g(s)dw(s)}=
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E{
w t

t−α0τ1(t)
gT(s)S1g(s)ds}, (28)

E{
w t−α0τ1(t)

t−τ1(t)
gT(s)dw(s)S1

w t−α0τ1(t)

t−τ1(t)
g(s)dw(s)}=

E{
w t−α0τ1(t)

t−τ1(t)
gT(s)S1g(s)ds}, (29)

E{
w t−τ1(t)

t−τ0

gT(s)dw(s)S1

w t−τ1(t)

t−τ0

g(s)ds}=

E{
w t−τ1(t)

t−τ0

gT(s)S1g(s)ds}, (30)

E{
w t−τ0

t−τ2(t)
gT(s)dw(s)S2

w t−τ0

t−τ2(t)
g(s)dw(s)}=

E{
w t−τ0

t−τ2(t)
gT(s)S2g(s)ds}, (31)

E{
w t−τ2(t)

t−τM

gT(s)dw(s)S2

w t−τ2(t)

t−τM

g(s)dw(s)}=

E{
w t−τ2(t)

t−τM

gT(s)S2g(s)ds}. (32)

|^LV (xt, t) =
4∑

i=1

LVi(xt, t),rª(12)∼(15)�\

ª(10)¥, ,�3ª(10)�m>\þª(16)∼(21),�
X|^ªf(22)∼(26),�éª(10)üàÓ��Ï
",2|^Ø�ª(27)∼(32)�±��

E{dV (xt, t)} = E{LV (xt, t)dt} 6

ζT(t)E{Ψ1}ζ(t), (33)

ùp:
Ψ1 = Ψ + MS−1

1 MT + M̄S−1
1 M̄T +

M̃S−1
1 M̃T + NS−1

2 NT + N̄S−1
2 N̄T.

dSchurÖ½n�±��ª(9)�duΨ1 < 0.-λ0 =

minλmin{−Ψ1},éª(33)üàÓ�|^�BÈ©ú
ª��

E(V (x0, t)) − E(V (x0, 0)) =

E{
w t

0
LV (xs, s)ds}6−λ0E{

w t

0
‖x(s)‖2ds}.

dþª?�Ú�±��

E{
w t

0
‖x(s)‖2ds} 6

1

λ0

V (x0, 0), t > 0.

éþªfl0�T�4�,���3�Iþc > 0¦�

eª¤á:

lim
0→T

E{
w T

0
‖x(t)‖2} 6

c sup
s∈[−τM,0]

E{‖ξ(s)‖2}, t ∈ [0, τM]. (34)

Ïdd½Â1�±��XÚ(6)́ �Å­½�.

y..

½½½nnn 2 �½Iþλ∗ > 0, τ0 > 0, τM > 0, µ1 >

0, α0 > 0÷vα0µ1 < 1,XÚ(1)�¡��Å°�­
½�,XJ�3�½Ý
P >0, Qj >0(j = 1, 2, 3),

R1 > 0, R2 > 0, S1 > 0, S2 > 0,9·��ê¢Ý

Mi, Ni(i = 1, 2, · · · , 6)Ú�Iþγ, ¦�ª(8)Ú

±eÝ
Ø�ª¤á, KXÚ(1)́ °�þ�ì?­
½�:




Ψ̄ M M̄ M̃ N N̄ Σ

∗ −S1 0 0 0 0 0

∗ ∗ −S1 0 0 0 0

∗ ∗ ∗ −S1 0 0 0

∗ ∗ ∗ ∗ −S2 0 0

∗ ∗ ∗ ∗ ∗ −S2 0

∗ ∗ ∗ ∗ ∗ ∗ −γI




< 0, (35)

Ù¥:

Ψ̄ =

Ψ + diag{γHT
1 H1, 0, γHT

2 H2, 0, γHT
2 H2, 0, · · · , 0︸ ︷︷ ︸

7

},

ΣT = [ρETNT
5 0 · · · 0︸ ︷︷ ︸

5

ρETNT
6 0 · · · 0︸ ︷︷ ︸

5

],

ρ =
√

1 + α2
0 + (1 − α0)2,

ùpM,M̄ , M̃,N, N̄�½n1¥Ó�½Â.

rØ�ª(9)¥A,B, O��A + ∆A, B + ∆B,
Kªf(9)�±­#�¤

Ω + ΦΘΥ + ΥTΘTΦT < 0, (36)

ùp:
Φ = [ΦT

1 0 · · · 0︸ ︷︷ ︸
5

ΦT
2 0 · · · 0︸ ︷︷ ︸

10

],

Φ1 = [N5E 0 α0N5E 0 (1 − α0)N5E 0 · · · 0︸ ︷︷ ︸
12

],

Φ2 = [N6E 0 α0N6E 0 (1 − α0)N6E 0 · · · 0︸ ︷︷ ︸
12

],

Θ = diag{F (t), F (t), · · · , F (t)},
Υ = diag{H1 0 H2 0 H2 0 · · · 0︸ ︷︷ ︸

12

}.

dSchurÖÚn,Ø�ª(35)�du±eØ�ª:

Ω + γ−1ΦΦT + γΥTΥ < 0. (37)

dÚn2�±íÑ, éIþγ > 0,Ø�ª(37)�du
Ø�ª(36),�â½n1�y²�{,½n2�y.

íííØØØ 1 �XÚ(1)vk�ÅZ6�,XÚC�{
ẋ(t)=[A(t)x(t)+B(t)(x(t−τ(t)))]dt,

x(t) = ξ(t), t ∈ [−τM, 0].
(38)

daXÚ�°�­½5¯Kéõ©z®²ïÄ

L,�©z[4]9p¡�ë�©z. e¡�½n�Ñ
dXÚ­½5IO.

½½½nnn 3 �½Iþλ∗ > 0, τ0 > 0, τM > 0, µ1 >

0, α0 > 0÷vα0µ1 < 1,XÚ(38)�¡�°�þ�
­½�,XJ�3�½Ý
P > 0, Qj > 0(j = 1, 2,

3), R1 > 0, R2 > 0, S1 > 0, S2 > 0,±9·��
ê¢Ý
Mi, Ni(i = 1, 2, · · · , 6),¦�ª(8)Ú±e
Ý
Ø�ª¤á:
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[
Ψ̄ Σ

∗ −γI

]
< 0, (39)

Ù¥Ψ̄ , Σ�L�ª�½n2.

4 ���~~~(Illustrative examples)
~~~ 1 XÚ(1)äkXeëê[4] :

A =

[
−2 0

1 −1

]
, B =

[
−1 0

−0.5 − 1

]
,

H1 =

[
0.2 0

0 0.2

]
,H2 =

[
0.2 0

0 0.2

]
,

E =

[
1 0

0 1

]
, G0 = G1 =

[√
0.1 0

0
√

0.1

]
.

|^�ý^�MATLAB¥LMIóä�¦)�¦XÚ
­½����¢�2.3347.Ù¦©zØÓ�{¤¼
�����¢�L1¤«.

L 1 ØÓ�{¤¼�����¢
Table 1 The maximum delay obtained by

different methods

�{ YUE[5] HUA[7] CHEN[2] ½n2

���¢ 2.1411 2.1406 2.1402 2.3347

~~~ 2 éXÚ(1), éØÓ�µ1, α0, O�¦XÚ
­½����¢τM�L2. lL2�±wÑ, �τ0 =

0.4�,ØÓ�µ1,±9�¢VÇ©Ùα0,Ñ�±¦�
XÚ(1)°�ìC­½,Ú\�¢VÇ©Ù&E,�Ñ

©z[9]¥�¢��êµ1 < 1���.

L 2 α0ØÓ��þ.�

Table 2 The different upper value for differentα0

(J µ1 = 0.2 µ1 = 0.6 µ1 = 1.1

α0 = 0.5 1.0974 1.0972 1.0971

α0 = 0.8 1.6699 1.6582 1.6581

α0 = 0.99 2.3347 2.3095 2.3091

~~~ 3 �ÄXÚ(38),|^�~f1Ó��ëê,
����¢����Ù¦©z�'��L3¤«.

lL3�±wÑ�©éXÚ(38)�ïÄ(J�Å
5'©z[8, 12]�.

L 3 ØÓ�{¤¼�����¢
Table 3 The maximum delay obtained by

different methods

�{ Miyamura A[8] Yan[12] ½n3

���¢ 0.3555 1.0660 1.4906

5 (((ØØØ(Conclusion)
�©^#��{ïÄ
�aäkØ(½5ÚC

�¢��5�ÅZ6XÚ�°�­½5, Ú\C�

¢VÇ©Ù,JÑ¿y²
¦�TXÚ°�þ�ì
?­½�¿©^�,T�{�Ñ
±c©z¥��

��,ê��ýL²#��{ü$
XÚ��Å
5.
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