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XU Hui-ling1, SHENG Mei1, ZOU Yun2, GUO Lei3

(1. Department of Applied Mathematics, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China;
2. Department of Automation, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China;

3. Research Institute of Automation, Southeat University, Nanjing Jiangsu 210096, China)

Abstract: This paper discusses the problem of robust H-infinity control for linear discrete time 2-D singular Roesser
models (2-D SRM) with parameter uncertainty. The purpose is the design of state feedback controllers such that the
resulting closed-loop system is acceptable, jump modes free, stable and satisfies a specified H-infinity performance level
for all admissible uncertainties. An equivalent form of bounded realness of 2-D SRM is established in terms of linear
matrix inequalities. Based on this, a sufficient condition for the solvability of the robust H-infinity control problem for
linear discrete time uncertain 2-D SRM is then presented, and a desired state feedback controller can also be derived by
solving a set of matrix inequalities. Finally, numerical example is provided to demonstrate the applicability of the proposed
approach.
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1 ÚÚÚóóó(Introduction)
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<�4��,�[1∼4], Nõ1-DÛÉXÚ�(J�
í2�2-D�/[2,3].©z[1]3�Ña��Vg�Ä
:þ?Ø
2-DÛÉXÚ�ìC½5. ©z[2]?
Ø
Ø(½2-DÛÉXÚÑÑ�"°�H∞��¯

K. �©�Ñ
©z[2]¥¤æ^��{�Øv�
?,¿�Ñ
)ûù�¯K�#�{.|^Ý
Ø�
ª,��
Ø(½2-DÛÉXÚG��"°�H∞�

�¯K�)�¿©^�9·�G��"��Æ�O

��êL�ª.

2 ýýý������£££999¯̄̄KKK���£££ããã(Problem formula-
tion and preliminaries)
�ÄXeØ(½2-D SRMXÚ(Σ):

E

[
xh(i + 1, j)
xv(i, j + 1)

]
=

(A + ∆A)

[
xh(i, j)
xv(i, j)

]
+ Bu(i, j) + Ld(i, j), (1)

z(i, j) = H

[
xh(i, j)
xv(i, j)

]
. (2)

>.^��

xh(0, j) = xh
j , x

v(i, 0) = xv
i . (3)

Ù¥xh(i, j) ∈ Rn1 , xv(i, j) ∈ Rn2 ©O�Y²

ÚR�ÛÜG��þ, u(i, j) ∈ Rm, d(i, j) ∈
Rp, z(i, j) ∈ Rl ©O�XÚ�Ñ\�þ!Z6

�þ9��ÑÑ�þ. A,B, L, H�·�¢Ý


. E ∈ Rn×n�ÛÉÝ
, �÷vXe2-D�Kå
^�,=e�3k��Eê(z, w),¦�XÚ�Xê
Ý
÷v

det[EI(z, w)−A] =
n̄1∑

k=0

n̄2∑
l=0

akl z
k wl 6= 0,
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Ù¥I(z, w)=diag{zIn1 , wIn2}, n1 + n2 = n. �
�an̄1,n̄2 6= 0 �XÚ(Σ)¡�NN�, ∆AL«ë

êØ(½5.
3�©¥b½∆AäkXe/ª

∆A = MF (i, j)N.

Ù¥F (i, j) ∈ Rj×k ´��ê�Ý
¼ê,�F (i, j)
÷vF (i, j)TF (i, j) 6 I .
éØ(½XÚ2-D SRM(Σ)�Xe�G��"

u(i, j) = Kx(i, j), K ∈ Rm×n. (4)

Ù¥x(i, j) =

(
xh(i, j)
xv(i, j)

)
. K4�XÚ(Σc)�

E

[
xh(i + 1, j)
xv(i, j + 1)

]
=Ac

[
xh(i, j)
xv(i, j)

]
+Ld(i, j), (5)

z(i, j)=H

[
xh(i, j)
xv(i, j)

]
. (6)

Ù¥Ac = A + ∆A + BK.
G��"°�H∞��¯K: �½XÚ(Σ)Ú

~ê γ > 0, Ï¦G��"��Æ(4), ¦4�X
Ú(Σc)é¤kNN�∆AÑ´NN!ìC½!Ãa

��� ‖G(z, w)‖∞ < γ (>.^��"�), Ù
¥G(z, w) = H[EI(z, w)−Ac]−1L´Z6d(i, j)�
� � Ñ Ñz(i, j)� D 4 ¼ ê, ‖G(z, w)‖∞ =

sup
ω1,ω2∈[0,2π)

σ̄[G(ejω1, ejω2)], ùpσ̄(·)L«Ý
(·)�
��ÛÉ�.
�{'O,Ú\Xe2-D SRM(Σ0):

E

[
xh(i + 1, j)
xv(i, j + 1)

]
= A

[
xh(i, j)
xv(i, j)

]
+ Ld(i, j), (7)

z(i, j) = H

[
xh(i, j)
xv(i, j)

]
. (8)

e¡�Ñ��©�'�Ún.
ÚÚÚnnn 1 [5] �T´�_é¡
, F÷vFTF 6

I . XJM, N ´·�~Ý
, ��3~êε > 0 ¦
�εI −MTTM > 0,K

(A + MFN)TT (A + MFN) 6
AT (T−1 − ε−1MMT)−1A + εNTN.

ÚÚÚ nnn 2[3] X J � 3 ¬ é � é ¡ 
P=
blackdiag{Ph, Pv} ∈ Rn×n(Ph ∈ Rn1×n1 , Pv ∈
Rn2×n2),¦�

EPET > 0, (9)

APAT − EPET < 0, (10)

KXÚ(Σ0)´NN,ìC½,Ãa���,�÷v
ª(10)�Ý
P´�_�.
ÚÚÚnnn 3 [4] NN�XÚ(Σ0)´Ãa��,K7�

3�_Ý
M̄ ∈ Rn×n ÚN̄=blackdiag{N̄h, N̄v} ∈
Rn×n, Ù¥N̄h ∈ Rn1×n1 , N̄v ∈ Rn2×n2 , ¦
�M̄EN̄ = Ē=blackdiag(Ēh, Ēv), Ù¥Ēh ∈
Rn1×n1 , Ēv ∈ Rn2×n2 , M̄AN̄ = Ā, M̄B = B̄.

3 ÌÌÌ���(((JJJ(Main result)
d4�XÚ(5)9Ún3�: Ø���5, Ø

� b ½ � © ¤ ? Ø � X Ú ¥ �Eä kE =
blackdiag{Eh, Ev}/ª, Ù¥Eh ∈ Rn1×n1 , Ev ∈
Rn2×n2 .d�d©z[4]´kXeÚn:
ÚÚÚnnn 4 XÚ(7)(L = 0)�XeXÚ

ET

[
xh(i + 1, j)
xv(i, j + 1)

]
= AT

[
xh(i, j)
xv(i, j)

]
. (11)

�NN5!½5!ÏJ5�d.

dd´�Ún2�,��d£ã:
ÚÚÚnnn 5 XJ�3é¡
P=blackdiag{Ph, Pv} ∈

Rn×n (Ph ∈ Rn1×n1 , Pv ∈ Rn2×n2),¦�

ETPE > 0, (12)

ATPA− ETPE < 0. (13)

KXÚ(Σ0)´NN!ìC½�Ãa���, 
�,XJ(13)¤á,KP´�_�.
½½½nnn 1 �½��êγ > 0, XJ�3é¡


P=blackdiag{Ph, Pv} ∈ Rn×n, Ù¥Ph ∈ Rn1×n1 ,

Pv ∈ Rn2×n2 ¦�Xe�LMI¤á:

ETPE > 0, (14)[
ATPA−ETPE+HTH ATPL

LTPA LTPL−γ2I

]
<0. (15)

KXÚ(Σ0)´NN�!ìC½!Ãa���,�>
.^��"�÷v‖G(z, w)‖∞ < γ.

yyy 5¿�Ún5,ùp�Iy²‖G(z, w)‖∞ <

γ,Ú\XePÒ:

z = ejω1 , w = ejω2 , ω1, ω2 ∈ [0, 2π),

U = γ2I − LTPL, S(z, w) =

U
1
2−LT[ETI(z−1, ω−1)−AT)]−1×ATPLU− 1

2. (16)

aqu©[2]½n1�y²=�y.
555 1 ½n1=�©z[2]¥2-DÛÉXÚRoesser�

..¢Ún��d/ª.

555 2 ©z[2]¥�½n2�¦Ý
B1÷�, ù�^

�éXÚ��¦Lr. ,	,du�"��Æ�L�ª¥�
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3B−,KÑÑ�"��Æ�À�¿Ø��.�)ûþã¯

K,�©�Ñ
)ûd¯K�Xe#�{.

½½½nnn 2 XJ�3~ê ε > 0, µ > 0 Ú�
_é¡
 P = blackdiag{Ph, Pv} ∈ Rn×n (Ph ∈
Rn1×n1 , Pv ∈ Rn2×n2)¦�

ETPE > 0, (17)

εI −MTΘM > 0, (18)

ATΓA−ATΓBS−1BTΓA + HTH +

εNTN − ETPE < 0, (19)

γ2I − LTPL > 0, (20)

Ù¥

S = BTΓB + µI (21)

�_�

Γ = (Θ−1 + ε−1MMT)−1, (22)

Θ = (P−1 − γ−2LLT)−1. (23)

KXÚ2-D SRM(1)G��"°�H∞��¯K´�

)�.
3d�¹e,G��"��ì�À��

K = −S−1BTΓA. (24)
yyy |^Ún1��

AT
c ΘAT

c 6 (A + BK)TΓ (A + BK) + εNTN.

(25)

²L�ê$�,dª(21)Ú(24)k

(A + BK)TΓ (A + BK) 6
ATΓA−ATΓBS−1BTΓA. (26)

5¿�ª(25)�(26)=k

AT
c ΘAc + HTH − ETPE < 0, (27)

ª(20)L²P−1 − γ−2LLT´�_�.K�âÝ

¦_Ún,ª(23)(25)9ShurÖÚn=�[

AT
c PAc−ETPE+HTH AT

c PL

LTPAc LTPL−γ2I

]
< 0.

�â½n1=y.

4 ���ýýý���~~~(Simulation study)
�ÄXe�2-D SRM(∆A = 0)XÚ:

E =

[
1 0
0 0

]
, A =

[
2 0
2 1

]
, B =

[
1
1

]
,

L =

[
0. 1
0. 2

]
,H =

[
1 0
1 1

]
,

´�yTXÚ´NN�,Ø½�ka��.�

ε = 0.5, µ = 1, γ = 0.2, P =

[
5.5 0
0 −4. 5

]
,

�â½n2,�"OÃ�À��

K = [−1.2707 0.9448].

eãL²4�XÚ(Σc)ªÇ�A$u�½
�H∞�Iγ = 0.2.

ã 1 4�XÚ�ªÇ�A
Fig. 1 Frequency response of the closed-loop systems

5 (((ØØØ(Conclusion)
�©?Ø
äkëêØ(½5�2-DÛÉX

ÚRoesser�.({¡2-D SRM)G��"°�H∞�

�¯K.ÏL�5Ý
Ø�ª�Ñ
.¢Ún,¿�
Ñ
°�H∞ ��¯K�)�¿©^�9G��"

OÃ�L�/ª.
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