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Model-based average dwell time scheduling and control for
networked control system

ZHU Xin-cheng, ZHOU Chuan†, CHEN Qing-wei
(School of Automation, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China)

Abstract: A novel co-design method of scheduling strategy based on mode-dependent average dwell time (MADT)
and feedback control for resource-constrained networked control system with random short time-delay is proposed in this
paper. The scheduling strategy is determined by the mode-dependent average dwell time and dynamic TOD (try-once-
discard) scheduling strategy. Firstly, the networked control system is modeled as a discrete-time switched system with
some parametric uncertainties. Furthermore, by using multiple Lyapunov functions and linear matrix inequality (LMI)
technique, the state-feedback controller is given such that the closed-loop switched system is exponentially stable. And the
condition of the average dwell time of each mode selected by TOD scheduling strategy is also given at the same time. This
co-design method in this paper not only reduces conservatives, but also can reduce the switching frequency of the system
between modes determined by the TOD scheduling strategy in a certain extent. The final simulation example illustrates the
efficiency of the proposed method.
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1 ÚÚÚóóó(Introduction)
Cc5§�ä��XÚ(networked control system,

NCS)�ïÄÉ�2�'5[1]. NCS�DÚ��XÚ�
'äkë�~�!́ u*Ð!¤�$!́ u��!�o

�B�`:. Daì���ìm±9��ì��1ì
mÏL�ä?1êâ�DÑ,Ø�;���3�ä�
ò!¿��[2]. du�ä]
É�,ÏdI�ïÄÜn
�NÝüÑ�yXÚäkûÐ�5U.

äk0��¯�å��ä��XÚ�NÝ�{Ì

�k·�NÝ[3]ÚÄ�NÝ[4–6]. ·�NÝüÑ´l
�ýk�OÑ!:NÝS�,�~�XÚ�O�E,
Ý,�ØU¢�/�âXÚ¥Ñy��«E,�¹�

ÑN�
äk�Å5. 
yk�Ä�NÝüÑÌ�k
Á�gÒ¿ï(try-once-discard, TOD)Ú�gNÝ.
©[4–5]©O�é�5�ä��XÚ|^ü«Ä�N
ÝïÄ
XÚ­½5¯K¿�O�A��ì. Ä�N
Ý�¢�3�/�âXÚ�"&E5û½XÚ!:

�`k?. �
Bu¢y,8cÌ�æ^±ÏNÝ±
9TODÄ�NÝ.±þNÝüÑe�Ñ�NÝS�Ñ
´3z��æ���?1�,O\
XÚ����m
���ªÇ.

Ú\NÝüÑ�NCS�ï��lÑ��XÚ,Ï
d�|^���{é�ä��XÚ©Û��O. Zhao
�[7]�é����5XÚ,ÏL�E�ëêÝ
�é
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ÜLyapunov¼ê�{,©O�Ñ
¦��XÚ3?¿
��eìC­½Ú�ê­½�¿©^�.T�O�{
ü$
�Å5. Zhang�[8]�é�ÅXÚ,Äu�¢�
�&ÒòÙï���Å��XÚ,|^aLyapunov
EâïÄ
�Å��XÚ��ê­½5. ¢S��X
Ú¥,du��ª�òî­K�XÚ5U.Ïd,©
[9–12]JÑ
Äu²þ73�m (average dwell time,
ADT)����{. ©[9]�é�ká�ò��ä��
XÚ,�Ä�1ìæ^�m°Ä�ªòXÚï�¤�
«#�lÑ��XÚ,Äu²þ73�m�{ïÄ

4�XÚ��ê­½5¯K,Ó�|^à`z�{¦
)¦4�XÚ�ê­½�°���ì. Zhai�[10]�é

�k�ò��5��XÚ,Äu²þ73�m9a
Lyapunov¼ê�{ïÄ
4�XÚ��ê­½5¯
K.T©�Ä
��ì¢�u�A��fXÚ�¹,
|^�5Ý
Ø�ª(linear matrix inequality, LMI)
Eâ�Ñ
¦XÚ�ê­½���ì�OÚ��X

Ú��Ó²þ73�m^�. Wang�[11]�é�C�

ò��ä��XÚ,(Ü�äýÿ��(networked
predictive control, NPC)(�Ö��ä�ò��{ò
Ùï�¤lÑ��XÚ�.,Äu²þ73�m�{
ïÄ
4�XÚ��ê­½5¯K,�Ñ
¦XÚ�
ê­½�°���ìÚ²þ73�m^�. Zhang
�[12]�élÑ��XÚ,Äu²þ73�{±9a
Lyapunov¼ê�{�O
¦4�XÚ÷v�ê­½
�°���ì. ±þÄu²þ73�m����{Ñ
´�é¤kfXÚ�,�Ñ
�Ó�²þ73�m^
�,¿vk�Äz�fXÚ�A:,Ï
äk�Å5.
Ïd,©[13–15]æ^
�«Äu�.�6²þ73�
m����{. Wang�[13]�élÑóÀÉÚ��X

Ú,Äu�.�6²þ73�m�{9õLyapunov¼
ê�{9LMIEâ,�Ñ
¦��XÚìC­½�G
��"��ì�OÚ�fXÚ�²þ73�m^�.
Liu�[14]�é�5��XÚ,ÄuõLyapunov¼ê�
{9LMIEâ�Ñ
¦4�XÚäkk��m5U�
Ä�G��"��ì�O±9?¿��e��fX

Ú�²þ73�m^�.©[15]�é�5��XÚ,Ä
u�.�6²þ73�m���{|^õLyapunov
¼ê�{9LMIEâ�O
¦4���XÚ�ê­½
�G��"��ì,Ó��Ñ
?¿��e��fX
Ú�²þ73�m^�.±þÄu�.�6²þ73
�m����{,©Oé��fXÚ�Ñ
²þ73
�m^�,ü$
�O��Å5. nþ,8cïÄ�ä
��XÚ�NÝ�{�Ü©vk�Ä���6�N

ÝÀJ¯K.

�©�é]
É���ä��XÚJÑ
�«#

��.�6²þ73�m�Ä�NÝüÑ��"�

�éÜ�O�{,æ^�.�6²þ73�m�{9

Ä�TODNÝüÑòXÚï���këêØ(½5
�lÑ��XÚ,|^õLyapunov¼ê�{9LMIE
â�Ñ
¦4�XÚ�ê­½�G��"��ì�

OÚ��fXÚ²þ73�m�^�.TéÜ�O�
{;�
3z�æ���NÝ!:
~�
XÚ�

��m���ªÇ,Ó��Ñ
Ä�TODNÝüÑe
���f��²þ73�m^�,ü$
�{�Å5.

2 ¯̄̄KKK£££ããã(Problem formulation)
]
É���ä��XÚXã1¤«§XÚ�G

��§Xe¤«:

ẋ(t) = Apx(t) + Bpu(t), (1)

Ù¥: x(t) ∈ Rn, u(t) ∈ Rm©O´��é��G�

CþÚ��Ñ\Cþ, ApÚBp©O´·��ê�~

êÝ
.

ã 1 �ä��XÚ(�ã

Fig. 1 The structure diagram of networked control system

bbb��� 1 ��ìÚ�1ìþæ^¯�°Ä�ó

��ª,Daìæ^�m°Ä,Ù¥æ�±Ï�h.

bbb��� 2 NCS¥�äDÑØ�3êâ�¿�,�
Daì���ì�m�3�äp��ò�τ sc

k ,��ì
��1ì�m�3�äp��ò�τ ca

k , τk = τ sc
k +

τ ca
k ´�ÅCz�,�÷v0 < τk < h.

bbb��� 3 du�ä]
É�,ØU�yÓ���
DÑ¤k�!:&E,b�z�æ���n�G�C

þ�UDÑds(0 < ds 6 n)��m���Cþ�U

DÑdc(0<dc 6 m)�,KXÚ�kCds
n ×Cdc

m«��.

d±þb�,ò��é�(1)lÑz,�L«�

x(k + 1) = Ax(k) + B0(τk)u(k) +

B1(τk)u(k − 1), (2)

Ù¥:

A = eAph, B0(τk) =
w h−τk

0
eAptBpdt,

B1(τk) =
w h

h−τk

eAptBpdt.
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db�2��, B0(τk)ÚB1(τk)þ��ÅÝ
,=z�
¹Ø(½��Ý
B0(τk)=B0 + DF (τ ′k)E, B1(τk)
= B1 −DF (τ ′k)E,Ù¥: F (τ ′k)´��mCz�, τ ′k
= τk − h/2, τ ′k ∈ [−h/2, h/2] �FT(τ ′k) × F (τ ′k) 6
I�B0; B1, D,E�~êÝ
,©OL«�

B0 =
w h/2

0
eAptdtBp, B1 =

w h

h/2
eAptdtBp,

E = Bp, D = αeAp(h/2), F (τ ′k) = α−1F̄ (τ ′k),

Ù¥:

α=max
τ ′

k

‖
w −τ ′k

0
eAptdt‖

2
=‖
w h/2

0
eAptdt‖

2
,

F̄ (τ ′k) =
w −τ ′k

0
eAptdt.

db�3��ä�°É��å^�,3z�æ��
�é�ä!:&E?1DÑ��. δi(k), θj(k)©OL
«3k��1i�G�CþlDaì���ìÏ&G

�Ú1j���Cþl��ì��1ì�Ï&G�,
Ù/ª©O�

δi(k) =

{
1, XJ xi(k)�DÑ,

0, Ù¦,

θj(k) =

{
1, XJ ūj(k)�DÑ,

0, Ù¦,

Ù¥: i = 1, 2, · · · , n; j = 1, 2, · · · ,m.

Pδ(k)=[δ1(k) δ2(k) · · · δn(k)]TL«1k�æ

�±ÏDaì!:&E�Ï&�þ, θ(k) = [θ1(k)
θ2(k) · · · θm(k)]TL«1k�æ�±Ï��ì!:

&E�Ï&�þ.

PM(k) = diag{δi(k)}�G�Cþ�Ï&S�
Ý
, M(k) ∈ Rn×n,K��ì�Ñ\�

x̄(k) = M(k)x(k) + (I −M(k))x̄(k − 1). (3)

Ón,PN(k) = diag{θj(k)}���Cþ�Ï&
S�Ý
, N(k) ∈ Rm×m,K��é��Ñ\�

u(k) = N(k)ū(k) + (I −N(k))u(k − 1). (4)

æ^G��"��ì�

ū(k) = Kσ(k)x̄(k), (5)

Ù¥σ(k): [δ(k), θ(k)] → S = {1, 2, · · · ,M}L«�
��&Ò.db�3�M = Cds

n × Cdc
mL«NCS�k

M���, Kσ(k)�ØÓ��e�G��"OÃ.K
ã1¤«�lÑNCS�.�



x(k + 1) = Ax(k) + B0(τk)u(k)+
B1(τk)u(k − 1),

x̄(k) = Mσ(k)x(k) + (I −Mσ(k))x̄(k − 1),
u(k) = Nσ(k)ū(k) + (I −Nσ(k))u(k − 1),
ū(k) = Kσ(k)x̄(k),

(6)

Ù¥Mσ(k), Nσ(k)©O�1k�æ�±ÏØÓ��e

�G�Ú��Cþ�Ï&S�Ý
. 4�XÚ�.�

x(k + 1) =

(A + B0(τk)Nσ(k)Kσ(k)Mσ(k))x(k) +

B0(τk)Nσ(k)Kσ(k)(I −Mσ(k))x̄(k − 1) +

(B1(τk) + B0(τk)(I −Nσ(k)))u(k − 1), (7)

À�O2�þη(k)=[xT(k) x̄T(k − 1) ūT(k−1)]T,

K4���XÚ�L«�

η(k + 1) = Φσ(k)η(k), (8)

Ù¥:

Φσ(k) = Gσ(k) + HNσ(k)Kσ(k)Tσ(k) +

D0F (τ ′k)ENσ(k)(Kσ(k)Tσ(k) − Z),

Gσ(k) =




A 0 B0(I−Nσ(k))+B1

Mσ(k) I−Mσ(k) 0
0 0 I−Nσ(k)


 ,

H =




B0

0
I


 , D0 =




D

0
0


 , Tσ(k) =




Mσ(k)

I−Mσ(k)

0




T

,

Z = [0 0 I], E = Bp.
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(Scheduling strategy based on mode-depen-
dent average dwell time)
½½½ÂÂÂ 1 é��&Òσ(t)±9?¿T > t > 0,

PNσp(t, T )�3�m«m[t, T ]S1p�fXÚ��

�gê,PTp(t, T )3[t, T ]S1p�fXÚ$1��

moÚ,Ù¥p ∈ S. XJ�3�êN0pÚτap÷v^

�: Nσp(t, T ) 6 N0p + Tp(t, T )/τap,K¡σ(t)äk�
.�6²þ73�mτap.

½½½ÂÂÂ 2 [16] eXÚ�²ïG��xe,¿�3~
êω > 1, α > 0,éu∀k > 1XÚG�÷v

‖x(k)− xe‖ 6 ω‖x(0)− xe‖e−αk,

K¡XÚ�ê­½��êP~Ç�α.

DÚ�Äu²þ73�m���üÑÑ´�éX

Ú¤k���½���Ó�²þ73�m^�.Ù²
þ73�m�XÚ�f��vk'é,
äk�Å5.
�©JÑ
Xe�Äu�.�6²þ73�m�Ä

�TODNÝüÑ,TüÑü$
�O�{�Å5,Ó
�3�½§Ýþ~�
XÚ���m���gê.

½ÂØ��

e(k)=

[
ex(k)

eu(k − 1)

]
=




x(k)− x̄(k − 1)
x̄(k − 1)

ū(k − 1)− u(k − 2)
u(k − 2)


 .



1 1Ï Á&¤�: �ä��XÚ��.�6²þ73�mNÝ��� 89

-Γi(k) = diag{Mi, Ni},L«31k�æ�±ÏX

Ú�1i�����,Ù¥i = 1, 2, · · · ,M ,K�â
MEF--TODÄ�NÝ�{����¼êXe:

σ(k) = arg max{‖Γ1(k)e(k)‖, ‖Γ2(k)e(k)‖,
· · · , ‖ΓM(k)e(k)‖} =
arg max{e1(k), e2(k), · · · , eM(k)},

Ù¥: σ(k) ∈ {1, 2, · · ·,M}, ei(k)(i = 1, 2 · · ·,M),
L«XÚ31i��e���Ø�. TODe�.�6
²þ73�m�NÝ5K�

{(Γp(ki), Tp), (Γq(ki+1), Tq), · · ·}, (9)

Ù¥: ki�XÚ�����, Γp(ki)�XÚ3ki���

�p����, Tp�XÚ31p����]�73�m

�d�.�6²þ73�mû½, p, q ∈ {1, 2, · · · ,

M}�d��¼êû½.

�©�O8I�:3NÝ5K(9)e,�Ñ¦4�
XÚ�ê­½�G��"��ì�O±9��fX

Ú�²þ73�m^�.

4 ÄÄÄuuu���...���666²²²þþþ777333���mmm���NNNÝÝÝüüüÑÑÑ

������"""������éééÜÜÜ���OOO(Co-design of mode-
based average dwell time scheduling strategy
and state-feedback controller)
ÚÚÚnnn 1[17] �W , M , N , F (k)�äk·��ê

�¢êÝ
,Ù¥F (k)÷vFT(k)F (k) 6 I , W �

é¡Ý
,KW +MF (k)N +NTFT(k)MT < 0�
�=��3~êε > 0,¦�

W + εMMT + ε−1NTN < 0.

ÚÚÚnnn 2[18] éu?¿·�Ý
X,YÚ?¿~ê

ε > 0,e�Ý
Ø�ª¤á:

XTY + Y TX 6 εXTX + ε−1Y TY.

½½½nnn 1 �é4�����XÚ(8),3G��"
��ì(5)9NÝ5K(9)�^e,éu∀(σ(ki) = p,

σ(ki−1) = q) ∈ S ×S,Ù¥σ(k)d��¼êû½,�
3�X��½Ý
Pp, Pq,±9Iþλp, µp�1 > λp

> 0Úµp > 1¦�e�Ø�ª¤á:

ΦT
p PpΦp − λpPp < 0, (10)

Pp < µpPq, (11)

�XÚ1p�fXÚ²þ73�m÷ve�^�:

τap > τ ∗ap = − lnµp

ln λp

, (12)

K4���XÚ(8)�ê­½.

yyy 1) é∀σ(ki) = p ∈ S, ∀σ(ki−1) = q ∈ S,

p=q,À�õLyapunov¼êVp(k)=ηT(k)Ppη(k),K

∆Vp(k) =Vp(k + 1)− λpVp(k) =

ηT(k)(ΦT
p PpΦp − λpPp)η(k).

dª(10)��∆Vp(k) < 0,=

Vp(k + 1) < λpVp(k), (13)

l
��Vp(k)3fXÚpþ�êP~.

2) -k0, k1, · · ·, ki−1, kiL«σ(k)3�m[0, k)S
���:,�÷vk0 < k1 < · · · < ki−1 < ki < k,
Ù¥ i > 1, k0 = 0. é∀σ(ki) = p ∈ S, σ(ki−1) = q

∈ S,�p 6= q,dª(10)��

Vp(ki) < µpVq(ki). (14)

dª(13)–(14)��

Vσ(k)(k) = Vσ(ki)(k) 6
µσ(ki)Vσ(ki−1)(ki) 6
µσ(ki)λ

(ki−ki−1)

σ(ki−1)
Vσ(ki−1)(ki−1) 6 · · · 6

λ
(ki−ki−1)

σ(ki−1)
· · ·λ(k1−0)

σ(0) ×
µσ(ki)µσ(ki−1) · · ·µσ(k1)Vσ(0)(0) =
Nσ−1∏
j=0

µσ(kj+1)

Nσ−1∏
i=0

λ
(ki+1−ki)

σ(ki)
Vσ(0)(0) =

M1∏
p=1

µ
Nσp
p

M1∏
p=1

λ
Tp
p Vσ(0)(0) 6

exp{
M1∑
p=1

N0p ln µp} ×

exp{
M1∑
p=1

Tp(lnλp +
ln µp

τap

)}Vσ(0)(0) 6

exp{
M1∑
p=1

N0p ln µp} ×

exp{max
p∈S

(lnλp +
ln µp

τap

)k}Vσ(0)(0), (15)

Ù¥: NσP�3 [0, k)þ���ogê, M1P�3

[0, k)þ�����«aê.

dØ�ª(15)�?�Ú�

θ1‖η(k)‖2
2 6 Vσ(k)(k) 6

exp{
M1∑
p=1

N0p ln µp} ×

exp{max
p∈S

(lnλp+
ln µp

τap

)k}θ2‖η(0)‖2
2.

�dþª��

‖η(k)‖ 6

exp{
M1∑
p=1

N0p

2
ln µp} ×

exp{max
p∈S

(
ln λp

2
+

ln µp

2τap

)k}
√

θ2

θ1

‖η(0)‖ =

ω‖η(0)‖e−αk,
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Ù¥:

ω = exp{
M1∑
p=1

N0p

2
ln µp}

√
θ2

θ1

,

θ1 = min{λmin(P1), · · · , λmin(PM)},
θ2 = max{λmax(P1), · · · , λmax(PM)},
α = −max

p∈S
(
ln λp

2
+

lnµp

2τap

).

dØ�ª(12)±90<λp <1, µp >1�ω > 1,�
α > 0,�â½Â2��4���XÚ�ê­½�äk
�êP~Çα. y..

555 1 �������½�c��73�m(å�,

K�âTODÀ�e�g=ò73���,=dMEF--TODû

½���¼êÀ�73��.

555 2 �dTODÀ����(½�,K�â���6

²þ73�m¤÷v�^�(½73�m.

555 3 MEF--TOD��¼ê´ÀJ�c��I�DÑ

�&E�þ�g�äDÑ�&E�m��éØ����!:

DÑ,duXÚ�G�&E�þ?�UØ��,��©ÀJ�

éØ�5�OýéØ�.

íííØØØ 1 �é4�����XÚ(8),3NÝ
5K(9)�^e,�½~ê0<λp <1, εp > 0, δpÚµp

> 1,�3·�Ý
Xp > 0ÚYp9�½Ý
Pp, Pq,

Ù¥p, q ∈ S,¦�Ø�ª(11)±9e��5Ý
Ø�
ª¤á:



−Xp + εpD0D
T
0 0 0

∗ −λpXp (−ENpZXp)
T

∗ ∗ −εpI

∗ ∗ ∗
∗ ∗ ∗

δpGp + HNpYpTp 0
0 Xp

ENpYpTp 0
−δpI 0
∗ −δpI




< 0, (16)

�²þ73�m÷vª(12)K�3G��"��ì
Kp = δ−1

p Yp(p ∈ S)¦�4���XÚ(8)�ê­½.

yyy �âSchurÖÚn,ª(10)�=z�[
−P−1

p Φp

∗ −λpPp

]
< 0. (17)

²L�n¿?�Ú=z��[
−P−1

p Gp + HNpKp
Tp

∗ −λpPp

]
+

[
D0

0

]
F (τ ′k)[0 ENp(KpTp − Z)] +

[0 ENp(KpTp − Z)]TFT(τ ′k)

[
D0

0

]T

< 0. (18)

dÚn1,ª(18)�=��

ε−1
p [0 ENp(KpTp−Z)]T[0 ENp(KpTp−Z)] +

[
−P−1

p Gp+HNpKp
Tp

∗ −λpPp

]
+εp

[
D0

0

][
D0

0

]T

<0.

(19)

dSchurÖÚn��

−P−1

p + εpD0D
T
0 Gp + HNpKp

Tp

∗ −λpPp

∗ ∗
0

(ENp (KpTp − Z))T

−εpI


 < 0. (20)

-Xp = P−1
p (p = 1, 2, · · · ,M),¿-þª©O�¦

Úm¦diag{I, Xp, I}�

−Xp + εpD0D

T
0 (Gp+HNpKpTp)Xp

∗ −λpXp

∗ ∗
0

(ENp(KpTpXp − ZXp))
T

−εpI


 < 0. (21)

þª�n¿dÚn2��

−Xp+εpD0D

T
0 0 0

∗ −λpXp (−ENpZXp)
T

∗ ∗ −εpI


+

δp




Gp+HNpKp
Tp

0
ENpKpTp







Gp + HNpKp
Tp

0
ENpKpTp




T

+

δ−1
p [0 Xp 0]T[0 Xp 0] < 0. (22)

-Yp = δpKp,þª��n�

−Xp+εpD0D

T
0 0 0

∗ −λpXp (−ENpZXp)
T

∗ ∗ −εpI


+




δpGp + HNpYp
Tp 0

0 Xp

ENpYpTp 0




[
δ−1

p I 0
∗ δ−1

p I

]
·




δpGp + HNpYp
Tp 0

0 Xp

ENpYpTp 0




T

< 0. (23)

dSchurÖÚn,ª(23)�duª(16). y..
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5 ���ýýý���~~~(Illustrative example)
�Ä�ä��XÚëY��é�G��§Xe:

ẋ(t) =

[
0 2
−2 −3

]
x(t) +

[
−1 0
0 1

]
u(t),

Ù¥Daìæ�±Ïh = 0.02 s,dª(2)lÑz�

A =

[
0.9992 0.0388
−0.0388 0.941

]
,

B0 =

[
−0.01 0.0001
0.0001 0.0099

]
, B1 =

[
−0.01 0.0003
0.0003 0.0096

]
,

D =

[
0.01 0.0002

−0.0002 0.0097

]
, E =

[
−1 0
0 1

]
.

duXÚkü�G�CþÚü�Ñ\Cþ,�ds

= dc = 1,KTXÚ�k4�����,©O�

s11 = [1 0 1 0], s12 = [1 0 0 1],

s21 = [0 1 1 0], s22 = [0 1 0 1].

�½λ1 = 0.5, λ2 = 0.6, λ3 = 0.7, λ4 = 0.8,d

ª(12)�¦����²þ73�m©O�

τa1 = 1.0704 s, τa2 = 0.3569 s,

τa3 = 1.6480 s, τa4 = 0.8171 s.

dª(15)9LMIóä��¦���ìOÃ©O�

K1 =

[
−0.0012 0

0 0

]
, K2 =

[
0 0

0.0000114 0

]
,

K3 =

[
0 0.0000238
0 0

]
, K4 =

[
0 0
0 −0.0017

]
.

�½XÚ�Ð©�x = [−1 1]T,Äu�.�6
²þ73�m�TODNÝüÑ���ìéÜ�O�
{,|^Truetimeóä�,���ýXã2–4¤«. ã2
�XÚG��A­�ã,�±wÑXÚG��ªÂñ
u²ï:�Âñ�Ý¯.

ã 2 G��A­�

Fig. 2 The response of states

ã3�XÚ�����A­�ã. ã4´��Ø�

�A­�ã,ã¥e1(k), e2(k), e3(k), e4(k)©OL«
��1!��2!��39��4����Ø�. Äk�
âã4¥��Ø���ÀJ��,¿d73^�(½
3T��e73��m;�73�m���,K2�
âã4¤«���Ø�À�eg¤73���,X
ã3¤«. �ã3�ã4´��éA�'X,¿dã��
y¤JNÝüÑ�k�5,¿��wÑXÚ���m
���ªÇ.

ã 3 �����A­�

Fig. 3 The response of switch mode

ã 4 ��Ø��A­�

Fig. 4 The response of mode error

6 (((ØØØ(Conclusions)
�©�éäk�Åá�ò�]
É��ä��X

Ú,Äu�.�6²þ73�m?1Ä�NÝ��"
��éÜ�O.ÄkòNCSï�¤�këêØ(½5
�lÑ��XÚ,¿JÑ
�«#��.�6²þ7
3�m�NÝüÑ.ÄuõLyapunov¼ê�{9LMI
Eâ�½
¦4�XÚ�ê­½�G��"��ì

�OÚTODüÑe���fXÚ²þ73�m^�,
ü$
XÚ��Å5,�½§Ýþ~�
XÚ���
m���gê. ��,|^Truetimeóä�,�y
¤
J�{�k�5.
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