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Abstract

This paper investigates the design problem of tracking controllers for a class of linear

discrete networks under the influence of coding and decoding schemes. Bit rate con-

straints are considered in the design of the decoding scheme to make the study more

challenging and to reveal the impact of bit rate constraints on the decoding accuracy.

A tracking controller is designed to obtain sufficient conditions for the recoverability

of the coded data and the input-to-state stability of the closed-loop system using the

Lyapunov generalized method and matrix inequality techniques. Finally, the effec-

tiveness of the developed tracking control scheme is verified by a simulation example.
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1. Úó

����nØ¥���Ä�¯K§�l��Cc5�É'5§ùÌ�´du§3�Å!Ã<

f¨ð�!£ÄÅì<ÚÊUì�¢SXÚ¥�2�A^ [1–5]"3���¹e§�l����)

;,�l!ÑÑ�l��!8I�l��!ÔÌ�l���"���l������©|§ÑÑ

�l���3¦��ÑÑ3��ì��^eÃ��C�½�.�ë�&Ò§�¡��.ë���"

C5§<�éÑÑ�l���ïÄFÃÀ§3ù�ïÄ�Kþ��
�¤J [6–18]"

?)èÅ�3�)�äÏÕKú§JpêâDÑ�S�5Ú��5�¡äké�`³§�±

3�½§Ýþ~��äôÂéXÚ�K�§Ïd§?)èÅ�®²Úå
�þ�ïÄ'5§�


'u?)è��/ÈÅ�mM5ó�®²uL3 [19–22]"3�ä&EDÑL§¥§Daì�&Ò3

DÑcÏ~�²Læ�!þzÚ?èn�Ú½§,�é�Â&Ò?1)è§�¤?)èL§"Ï

d§?)èÅ�Ø=UJpêâ���5§3�½§Ýþ�y^r&E�S�5§�UJp�ä

]�|^Ç [23–27]"
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8c§Äu)èì���Ì�kÄu&E��{ [28]Ú½þ�{ [29]"½þ�{�Ì�8�´

�y)èØ��Âñ5½>.5§�OÑÜ·�?)èÅ�"3L���ã�mp§?)èÅ�

3�A�©ÛÚnÜ¯Kþ��
�
ÐÚïÄ"Wang L�<�O
�«Ü·�?)èÅ�§Ä

uz�!:A^k�����Æ§(�4��äU��ýÏ5U [30]"õ£ã?è�Y�±~�¿

�y�§Jpêâ���5§ÏdÉ�2�'5 [31]"du)èL§´òDaì�Â��êâ=z

�aquþz�êâ§Ïd?)èÅ�½õ½�¬��êâ�ý"�
;�?)èÅ�E¤�ê

â�ý§�«Jp)è°Ý�?)èÅ�ÅìÉ�2�'5")è°ÝÌ��ûu�ä�°§

�ä�°�'��I´'AÇ§'AÇ�Jp¬Jp)è°Ý"�3¢SA^¥§'AÇo¬É

��«Ï����§Ïd3�O?)èÅ���Ä'AÇ�åäk��nØÚy¢¿Â"Cc

5§�å'AÇe�?)èÅ��3õ�+���
A^"Zhao D�<ïÄ
�aõ�Ç�äX

Ú�'~È©*ÿì�O¯K§3dÄ:þ�Ä
É'AÇ�å�?)èÅ� [32]"Li J Y�<ï

Ä
�a�5XÚ�©ÙªÈÅ¯K§3dÄ:þ�Ä
É'AÇ�åÚk.D(K��?)è

Å� [33]"Li J Y�<ïÄ
�alÑ�mE,Ä��ä�ÓÚ��§¿�Ä
É'AÇ�å�?

)èÅ� [34]"Li J Y�<ïÄ
�aÄuÜ©!:�lÑ�mE,�äG��O¯K§3dÄ:

þ�Ä
�å'AÇÚk.D(",§é�kïÄòÉ'AÇ�å�?)èÅ�A^u�l�

�+� [35]"

2. ¯K�JÑÚý�

2.1. XÚ�.

�Ä±e�.£ã�lÑ�mXÚµ



x(k + 1) =Ax(k) +Bu(k) + Ew(k)

y(k) =Cx(k)

z(k) =Gx(k)

(1)

Ù¥§x(k) ∈ Rdx�LXÚG�§u(k) ∈ Rdu�L��Ñ\§y(k) ∈ Rdy�LÿþÑÑ§z(k) ∈ Rdz

�L��ÑÑ§w(k) ∈ Rdw�L÷v±e^��	Ü6ÄÑ\µ

wT (k)w(k) 6 w (2)

Ù¥§w > 0�®�Iþ.A§B§C§E§ÚG´äk·��Ý�¢~Ý
"

b�2.1. (1)¥�ÿþÝ
C´�1÷��§=

rank{C} = dy. (3)
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2.2. 'AÇ�åe�?è)è�Y

3�ïÄ¥§?è&E3'AÇ��eÏL��Ï&�ä3lkc��DÑ§Ù¥kc´�½�

?èm�§l = 1, 2, ....§�©JÑ
±eþ!þzì5U??è)èL§"éu�½�ºÝë

êq > 0§(½þz«��{Xe

Dq = {ιy ∈ Rdy : ‖ιy‖∞ 6 q}.

ÀJ���êη��þz?ê!�Ý/Dqò�y©�ηdyf�Ý/D1
m1

(q)×D2
m2

(q)× · · ·×Ddy
mdy (q)§

Ù¥m1,m2, · · ·mdy ∈ D , {1, 2, · · · , η}¿�

Di
1(q) ,{ι(i)y | − q 6 ι(i)y < −q +

2q

η
}

Di
2(q) ,{ι(i)y | − q +

2q

η
6 ι(i)y < −q +

4q

η
}

...

Di
η(q) ,{ι(i)y |q −

2q

η
6 ι(i)y < q}

(4)

Ù¥§ι
(i)
y ´�þιy�1i ���"3¢SA^¥§'AÇo´É��«��"Ïd§�ÄÉ'A

Ç�å�?)è�Yäk��nØÚ¢�¿Â"3�å'AÇe§��þz?êL«�

η̄ = b dy
√

2Rc (5)

Ù¥§R L«dÔn��û½��^'AÇ"

éuz��Dq§�Ý
D1
m1

(q)×D2
m2

(q)× · · · ×Ddy
mdy (q)�¥%L«�

ρ(m1,m2, · · ·mdy) ,


−q + (2m1−1)q

dy
√

2R

−q + (2m2−1)q
dy
√

2R

...

−q +
(2mdy−1)q

dy
√

2R

 (6)

Ïd§éuDq¥�?¿ιy§�3�|�êm1,m2, · · ·mdy ∈ D¦�ιy ∈ D1
m1

(q)×D2
m2

(q)×· · ·×
D
dy
mdy (q)§÷ve¡Ø�ªµ

‖ιy − ρ(m1,m2, · · ·mdy)‖2 6

√
dyq

b dy
√

2Rc
. (7)

ùp§�êm1,m2, · · ·mdy´?èL§¥�èi�©þ"

�â8c¤��O�ó�§yò?èì�OXe"

éuιy(lkc) , y(lkc)− ý(lkc) ∈ D1
m1

(
q(lkc)

)
×D2

m2

(
q(lkc)

)
× · · · ×Ddy

mdy

(
q(lkc)

)
⊂ Dq(lkc)§?
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èì¬)¤±e?èµ

(lkc) =
[
m1,m2, · · · ,mdy

]
(8)

Ù¥§ý(lkc)´d±eÏ�û½ 
ý(k) =ỳ(k), k 6= lkc

ý(k) =ỳ(lkc − 1)

ý(0) =0

(9)

ỳ(k)É±e^�|� 
ỳ(lkc) =ý(lkc) + ρ(m1,m2, · · ·mdy)

ỳ(k + 1) =ỳ(k), k 6= lkc − 1

ỳ(0) =0

(10)

)èì��EXe 
ȳ(lkc) =ý(lkc) + ρ(m1,m2, · · ·mdy)

ȳ(k + 1) =ȳ(k), k 6= lkc − 1

ȳ(0) =0

(11)

2.3. �l��ì

3�Ù¥§·�F"�XÚ(1)�O���l��ì§±�l±eXÚ���ÑÑ&Òµ

φ(k + 1) =Nφ(k) + F ȳ(k)

φ(0) =0

y̌(k) =Jφ(k)

ž(k) =Gφ(k)

(12)

Ù¥§φ(k) ∈ RdxL«ë�XÚG�§y̌(k) ∈ RdyL«ë�XÚÿþÑÑ§ž ∈ RdzL«ë�XÚ�
�ÑÑ§N§F ÚJ ´äkoN�ê�®�Ý
"d	§��ì(�Xeµ

u(k) =Lxy(k) + Lφy̌(k) (13)

Ù¥§LxÚLφ ��(½���ìOÃ"

½ÂG��lØ�x̃(k) , x(k)− φ(k)Ú��ÑÑ�lØ�z̃(k) , z(k)− ž(k)§�â(1)Ú(12)§

�Ñ±e�lØ�Ä�µ x̃(k + 1) =Ax̃(k) +Bu(k) + (A−N)φ(k) + Ew(k)− F ȳ(k)

z̃(k) =Gx̃(k)
(14)
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-ε(k) , y(k)− ȳ(k)§l(1)§(12)Ú(14)§��±e4�XÚµ
ϑ(k + 1) =Aϑ(k) +Bε(k) + Ew(k)

ϑ(0) =χ(0)

z̃(k) =Gϑ(k)

(15)

Ù¥§χ(0)´Ð©G�§¿�

A ,A[1] +A[2], A[1] ,

[
A− FC A−N − FC
FC N + FC

]
,

A[2] ,

[
BLxC BLxC +BLφJ

0 0

]
, E ,

[
E

0

]
, B ,

[
F

−F

]
,

G ,

[
G

0

]
, ϑ(k) ,

[
x̃T (k) φT (k)

]T
.

2.4. Ì�ïÄ¯K

½Â2.1. XJ�3��FK?¼êα(·, ·)Ú��F?¼êβ(·)§¦�XÚÄåÆϑ(k)÷v±e^�§

@o4�XÚ(15)�±`´Ñ\�G�½�"

‖ϑ(k)‖22 6α‖χ(0)‖22 + β
(
‖w(k)‖2∞

)
, ∀k > 0. (16)

½Â2.2. XJ)èØ�ε(k)÷v±e^�§K¡?èêâ�lÉ'AÇ�å�?)è�Y¥¡E"

‖ε(k)‖2 6 γ (17)

Ù¥§γ´��~ê§�L�N=��ýY²"

�Ù�3rN?)è�YeXÚ(1) ��l��¯K"�Ù�8I´mu�«p��?)è§

SÚ�l��ì§l¢yµ1¤?èêâ3É�'AÇe�¡E¶2¤4�XÚ�Ñ\�G�

½"

3. Ì�(Ø

�!�Ñ
��¿©^�5y²)èêâ��¡E5Ú4�XÚ(15)�Ñ\�G�½5"

3.1. �¡E5©Û

��!�Ñ
y²?èêâ�¡E5�¿©^�"

3©Û?èêâ��¡E5�c§·�ÄkÚ\±e½n5£ãÿþÑÑy(k)�Ä�A5"
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Ún3.1. éu�½��1÷�Ý
C ∈ Rdy×dx§�3ü���Ý
H ∈ Rdy×dyÚK ∈ Rdx×dx§¦
�

C = HC1K
T (18)

Ù¥§εi > 0(i = 1, 2, . . . , dy) ´C�ÛÉ�

C1 ,
[
C2 0dy×(dx−dy)

]
, C2 , diag{ε1, ε2, . . . , εdy}.

Ún3.2. éu�½Ý
A ∈ Rdx×dxÚ�1÷�Ý
C ∈ Rdy×dx§XJ

KT
1 AK2 = 0 (19)

Ù¥K ,
[
K1 K2

]
§F1 ∈ Rdx×dyÚF2 ∈ Rdx×(dx−dy)§K�3��Ý


Q , HC2K
T
1 AK1(HC2)−1 ∈ Rdy×dy (20)

±�

CA = QC. (21)

y²µ�â1��Ún§�±��

QCK =QHC1K
TK

=QH
[
C2 0dy×(dx−dy)

]
KTK

=
[
QHC2 0dy×(dx−dy)

]
(22)

Ú

CAK =HC1K
TAK

=H
[
C2 0dy×(dx−dy)

]
KTAK

=
[
HC2 0dy×(dx−dy)

]
KTAK. (23)

Äu(19)¥�KTAK��±O��

KTAK =

[
KT

1 AK1 KT
1 AK2

KT
2 AK1 KT

2 AK2

]

=

[
KT

1 AK1 0dy×(dx−dy)

0dy×(dx−dy) KT
2 AK2

]
. (24)
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ò(19)�\(23)��

CAK =
[
HC2K

T
1 AK1 0dy×(dx−dy)

]
KTAK. (25)

d	§ò(20)�\(22)§(J´

QCK =QH
[
C2 0dy×(dx−dy)

]
KTK

=
[
HC2K

T
1 AK1 0dy×(dx−dy)

]
(26)

ù¿�X

CAK = QCK. (27)

5¿�K´�_�§�±l(25)�Ñ(Ø(21)§y²(å"

Ún3.3. ÿþÑÑy(k)�Ä�CzXeµ

y(k) = Qy(k) + Ju(k) +Gw(k) (28)

Ù¥§

J , CB, G , CE.

y²µl(1)Ú(21)��

y(k + 1) =Cx(k + 1)

=CAx(k) + CBu(k) + CEw(k)

=QCx(k) + Ju(k) +Gw(k)

=Qy(k) + Ju(k) +Gw(k) (29)

ùÒ�¤
y²"

�e5§·�ÏLe¡�½n5?Ø?èêâ��¡E5"

½n3.1. XJ÷v±eØ�ª§K?èêâ´�¡E�"√
dyq

b dy
√

2Rc
6 γ (30)

y²µ�âε(k) Úιy�½Â§Ø�ª(7)Ú(11)§�±��

‖ε(k)‖2 =‖y(k)− ȳ(k)‖2
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6‖y(k)− ý(k)− ρ(m1,m2, · · ·mdy)‖2
=‖ιy − ρ(m1,m2, · · ·mdy)‖2

6

√
dyq

b dy
√

2Rc
6 γ (31)

Ïd§�±`?èêâ�±lÉ'AÇ�å�?)è�Y¥¡E"y²�."

3.2. k.5©Û

��!JÑ
��¿©^�§3d^�e§4�XÚ(15)�±`´Ñ\�G�½�"

½n3.2. b���ìOÃÝ
LxÚLφ®�½"XJ�3�½Ý
W§±9�Iþκ1!κ2Úκ3§�

÷v±e^�

Ξ[1] ,


Ξ

[11]
[1] ∗ ∗ ∗
0 Ξ

[22]
[1] ∗ ∗

0 0 Ξ
[33]
[1] ∗

Ξ
[41]
[1] Ξ

[42]
[1] Ξ

[43]
[1] Ξ

[44]
[1]

<0 (32)

Ù¥§

Ξ
[11]
[1] ,(κ1 − 1)W, Ξ

[22]
[1] , −κ2I, Ξ

[33]
[1] , −κ3I,

Ξ
[44]
[1] ,−W−1, Ξ

[41]
[1] , A, Ξ

[42]
[1] , B, Ξ

[43]
[1] , E.

@o§�â(16)��4�XÚ(15)�¡�Ñ\�G�½"

y²µe¡´Lyapunov�¼��EL§µ

V
(
ϑ(k)

)
= ϑT (k)Wϑ(k) (33)

,�§V
(
ϑ(k)

)
��©O�Xeµ

[V
(
ϑ(k)

)
=V
(
ϑ(k + 1)

)
− V

(
ϑ(k)

)
=ϑT (k + 1)Wϑ(k + 1)− ϑT (k)Wϑ(k)

=
(
Aϑ(k) +Bε(k) + Ew(k)

)T
W
(
Aϑ(k) +Bε(k) + Ew(k)

)
− ϑT (k)Wϑ(k)

=ϑT (k)
(
ATWA−W

)
ϑ(k) + εT (k)BTWBε(k) + wT (k)ETWEw(k)

+ 2ϑT (k)ATWBε(k) + 2ϑT (k)ATWEw(k) + 2εT (k)BTWEw(k)
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=ϑT (k)
(
ATWA−W + κ1W

)
ϑ(k) + εT (k)(BTWB − κ2)ε(k) + wT (k)

× (ETWE − κ3)w(k) + 2ϑT (k)ATWBε(k) + 2ϑT (k)ATWEw(k)

+ 2εT (k)BTWEw(k)− κ1V
(
ϑ(k)

)
+ κ2ε

T (k)ε(k) + κ3w
T (k)w(k)

==T[1](k)Ξ[2]=[1](k)− κ1V
(
ϑ(k)

)
+ κ2ε

T (k)ε(k) + κ3w
T (k)w(k) (34)

Ù¥§

Ξ[2] ,


Ξ

[11]
[2] ∗ ∗

Ξ
[21]
[2] Ξ

[22]
[2] ∗

Ξ
[31]
[2] Ξ

[32]
2 Ξ

[33]
[2]



=[1](k) ,
[
ϑT (k) εT (k) wT (k)

]T
, ℵ[11]

[2] , ATWA−W + κ1W,

ℵ[22]
[2] ,BTWB − κ2, ℵ[33]

[2] , ETWE − κ3,

ℵ[21]
[2] ,BTWA, ℵ[31]

[2] , ETWA, ℵ[32]
[2] , ETWB.

�Ä(31)§�±��

[V
(
ϑ(k)

)
6=T[1](k)Ξ[2]=[1](k)− κ1V

(
ϑ(k)

)
+ κ2ε

T (k)ε(k) + κ3w
T (k)w(k)

6=T[1](k)Ξ[2]=[1](k)− κ1V
(
ϑ(k)

)
+ κ2

√
dyq

2

b dy
√

2Rc2
+ κ3w

T (k)w(k)

6=T[1](k)Ξ[2]=[1](k)− κ1V
(
ϑ(k)

)
+ κ2

√
dyq

2

b dy
√

2Rc2
+ κ3‖w(k)‖2∞ (35)

duκ2

√
dyq

2

b dy
√

2Rc2
´���¢ê§w(k)´��ëêk.D(§Ïd§�3���¢êλ¦

�λκ2

√
dyq

2

b dy
√

2Rc2
6 ‖w(k)‖2∞§@o

[V
(
ϑ(k)

)
6− κ1V

(
ϑ(k)

)
+ (κ3 +

1

λκ2

)‖w(k)‖2∞ + =T[1](k)Ξ[2]=[1](k) (36)

�âSchurÖÚn§�±l(32)��Ξ[2]<0§¤±

[V
(
ϑ(k)

)
6− κ1V

(
ϑ(k)

)
− ϕ‖ϑ(k)‖22 + (κ3 +

1

λκ2

)‖w(k)‖2∞ (37)
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Ù¥§

ϕ = λmin(−Ξ[2]).

�âV
(
ϑ(k)

)
�½Â§·�U��

V
(
ϑ(k)

)
6λmax(W)‖ϑ(k)‖22 (38)

@o§

[V
(
ϑ(k)

)
6−

(
κ1λmax(W) + ϕ

)
‖ϑ(k)‖22 + (κ3 +

1

λκ2

)‖w(k)‖2∞ (39)

du(38)Ú(39)éu?¿�δ>1§U��

δk+1V
(
ϑ(k + 1)

)
− δkV

(
ϑ(k)

)
=δk+1

(
V
(
ϑ(k + 1)

)
− V

(
ϑ(k)

))
+ δk+1V

(
ϑ(k)

)
− δkV

(
ϑ(k)

)
6δk+1

(
−
(
κ1λmax(W) + ϕ

)
‖ϑ(k)‖22 + (κ2 +

1

λκ1

)‖w(k)‖2∞
)

+ δk(δ − 1)
(
λmax(W)‖ϑ(k)‖22

)
6δkθ(δ)‖ϑ(k)‖22 + δk+1µ‖w(k)‖2∞ (40)

Ù¥§

θ(δ) =(δ − 1)λmax(W)− δ
(
κ1λmax(W) + ϕ

)
, µ = κ3 +

1

λκ2

.

é(40)�ü>ékl0�ξ − 1 ¦Ú§·�U��

δξV
(
ϑ(ξ)

)
− δ0V

(
ϑ(0)

)
6θ(δ)

ξ−1∑
k=0

δk‖ϑ(k)‖22 +
δ(1− δξ)

1− δ
µ‖w(k)‖2∞ (41)

lθ(1) = −ϕ− κ1λmax(W)<0 Ú lim
δ→∞

θ(δ) = +∞ �±���3��Iþν>1¦�θ(ν) = 0"@o§

νξV
(
ϑ(ξ)

)
− V

(
ϑ(0)

)
6
ν(1− νξ)

1− ν
µ‖w(k)‖2∞ (42)
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lV
(
ϑ(k)

)
�½Â��

V
(
ϑ(0)

)
6 λmax(W)‖χ(0)‖22 (43)

Ú

νξV
(
ϑ(ξ)

)
> λmin(W)νξ‖ϑ(ξ)‖22 (44)

@o§

‖ϑ(ξ)‖22 6ν−ξ‖χ(0)‖22 +
ν(1− νξ)

λmin(W)νξ(1− ν)
µ‖w(k)‖2∞ (45)

-β(ξ) = ν(1−νξ)
λmin(W)νξ(1−ν)

µ§Ïd

β = lim
ξ→+∞

β(ξ) ,
νµ

λmin(W)(ν − 1)
.

�±��

‖ϑ(ξ)‖22 6α‖χ(0)‖22 + β‖w(k)‖2∞ (46)

Ù¥§

α , ν−ξ.

@o§4�XÚ(15)´Ñ\�G�½�"y²(å"

3.3. �l��ì�O

3��!¥§T�l��ìOÃÏL��z�lØ�Ä�þ.§3É'AÇ�åe¼��Z

�l5U"

½n3.3. b�k��êRÚIþκ̌1(0<κ̌1<1)"�3�Iþκ2§κ3Úκ4§�½Ý
W[1]!W[2]!P[1]!

P[2]!P[3] ÚÝ
Ĺx!Ĺφ§÷v±e^�

Ξ[3] ,


Ξ

[11]
[3] ∗ ∗ ∗
0 Ξ

[22]
[1] ∗ ∗

0 0 Ξ
[33]
[1] ∗

Ξ
[41]
[3] Ξ

[42]
[3] Ξ

[43]
[3] Ξ

[44]
[3]

<0 (47)

W > I (48)
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Ù¥§

Ξ
[11]
[3] ,− κ̌1W, Ξ

[41]
[3] , A

[1]
[1] +A

[2]
[1], A

[1]
[1] ,

[
P[℘](A− FC) P[℘](A−N − FC)

W[2]FC W[2](N + FC)

]
,

A
[2]
[1] ,

[
L

[℘]
x C L

[℘]
x C + L

[℘]
φ J

0 0

]
, Ξ

[42]
[3] ,

[
P[℘]F

−W[2]F

]
, Ξ

[43]
[3] ,

[
P[℘]E

0

]
,

Ξ
[44]
[3] ,diag

{
W[1] − P[℘] − P T[℘],−W[2]

}
, W , diag

{
W[1],W[2]

}
,

P ,

[
P[1] P[2]

0 P[3]

]
, L[℘]

x ,

[
Ĺx

0

]
, L

[℘]
φ ,

[
Ĺφ

0

]
, P[℘] , P℘, κ̌1 , 1− κ1,

℘ ,
[
B(BTB)−1 (BT )⊥

]T
.

K4�XÚ(15)¡�Ñ\�G�½§Ù‖ϑ(ξ)‖22�P~Ç�1 − κ̌1"‖ϑ(ξ)‖22 �ìCþ�����
�±ÏL¦)±e¯K��

min(κ3 +
1

λκ2

)w. (49)

�A/§¤I���ìOÃÝ
�

Lx = P−1
[1] Ĺx, Lφ = P−1

[1] Ĺφ. (50)

y²µÏLdiag
{
I, I, I,W[P ]

}
éØ�ª(32)?1ÜÓC���

Ξ[4] ,


Ξ

[11]
[3] ∗ ∗ ∗
0 Ξ

[22]
[1] ∗ ∗

0 0 Ξ
[33]
[1] ∗

Ξ
[41]
[4] Ξ

[42]
[3] Ξ

[43]
[3] Ξ

[44]
[4]

<0 (51)

Ù¥§

Ξ
[41]
[4] ,A[1]

[1] +A
[2]
[2], W[P ] , diag

{
P[℘], W[2]

}
,

A
[2]
[2] ,

[
P[℘]BLxC P[℘](BLxC +BLφJ)

0 0

]
,

Ξ
[44]
[4] ,diag

{
−P[℘]W−1

[1] P
T
[℘],−W[2]

}
.

¦^CþO�

Ĺx = P[1]Lx, Ĺφ = P[1]Lφ. (52)
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P[℘] + P T[℘] − P[℘]W−1
[1] P

T
[℘] −W[1]

=− (P[℘] −W[1])W−1
[1] (P[℘] −W[1]) ≤ 0 (53)

Kk

−P[℘]W−1
[1] P

T
[℘] ≤ W[1] − P[℘] − P T[℘] (54)

�Ä(54)Ú(47)§·���(48)´�±�y�§Ïd4�XÚ(15)�±`´Ñ\�G�½�"

-ν = 1
1−κ̌1
§ù÷v�§θ(ν) = 0"

�âþ��½n�y²L§�±��

V
(
ϑ(k)

)
6(1− κ̌1)kV

(
ϑ(0)

)
+
κ3 + 1

λκ2

κ̌1

w2 (55)

éN´��

‖ϑ(ξ)‖22 6(1− κ̌1)k‖χ(0)‖22 +
κ3 + 1

λκ2

κ̌1λmin(W)

w2 (56)

Äu(48)§·���

‖ϑ(ξ)‖22 6(1− κ̌1)k‖χ(0)‖22 +
κ3 + 1

λκ2

κ̌1

w2 (57)

ÏL¦)(49)§Ò�±��‖ϑ(ξ)‖22�ìCþ.����"y²(å"

4. �ý�y

�!ò�Ñ���ý¢~§±Ð«�l��ì��^Ú`³"

�ÄÄ�XÚ(1)Úë�XÚ(10)�±eëêµ

A =

[
1.02 0.05

0.27 0.26

]
, N =

[
0.1 0.04

0.25 0.2

]
, B =

[
0.15

5

]
,

C =

[
1.2 0.32

0.03 0.12

]
, F =

[
0.35 0.1

0.54 5

]
, E =

[
0.005

−0.001

]
,

J =

[
0.5 0.32

0.03 12

]
, G =

[
1

1

]
.
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w(k) =


0.1sin(k), 0 6 k 6 50

1.5sin(k), 100 6 k 6 150

0, Ù¦"

Figure 1. The trajectory of state x1(k) and its trace value φ1(k)

ã 1. G�x1(k)�;,9Ù�l�φ1(k)

Figure 2. The trajectory of state x2(k) and its trace value φ2(k)

ã 2. G�x2(k)�;,9Ù�l�φ2(k)

b��^'AÇ�8 bps§ �ëê�0.5"�½κ̌1 = 0.08"
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Figure 3. Decoding error y(k) − ȳ(k)

ã 3. )èØ�y(k) − ȳ(k)

�±ÏLMATLAB^�¦)LMIs(47) Ú(48)�±��

W[1] =

[
32968.7313 −1.0807

−1.0807 0.56373

]
, W[2] =

[
181.1772 −32.513

−32.513 6.4166

]
,

P =

[
5168.5027 −6890.8559

0 0.8494

]
.

�A��l��ìëêO�Xeµ

Lx =
[
−0.5746 2.1776

]
, Lφ =

[
0.2243 −0.2504

]
.

�e5§·�`²¤¦���l��ìOÃ��15"
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