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A matrix inequalitiesapproach to the robust stabilization for un-
certain 2-D singular Roesser models
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Abstract: The problan of robust stabilization for linear discrete time 2D singular Roesser models (2D SRM ) w ith
paraneter uncertainty is discussed The purpose is to design the state feedback controllers such that the resulting
closed-loop system isacceptable, jump modesfree and stable of all admissible uncertainties A sufficient condition of
the slvability of the robust stabilization problem for linear discrete time uncertain 2D SRM isgiven A nd a desired
state feedback controller is constructed by lving a set of matrix inequalities N umerical exanple show s the goplica-
bility of the proposed gpproach

Key words 2D singular systens jump modes robust stabilization; matrix inequalities

1 ; : 2D
10  ,2D
' 1D 2D
ST K 2

2D ' 2D SRM

[2] , 2D E[Xh(H. 1'jﬂ—
: x'(i,j+ 1
b
T - @+ M>[i§:jﬂ fBuG), (1
. 2004-01-11; . 2004-06-11
(60074007);

(1969—), , , , ; (1962—) ,

1 ’ 1



11 2D Roesser 1319
(5) , P .
x"(0,j) = x},x"(i,0) = x!. (1b) 2 [1] (4) ,
x"(i,j)  R™,x"(i,j) R™
;y(@i, i) RLu(,j) R" :
:A,B,C ' E
R™" T MDA , ,
2D , [3]
(z,w), E.A 1D
"o 1D \
det[El (z,w) - A]= ZOZOakIZMI z 0, , (11
I (z,w) = diag{zln,w In}, am,m?z 0 214 (2) ,
(1) M  R™" N = diag{NN.} R™"
1 AA , €y Nn R™"™N, R™", MEN = E =
diag (En, Ev), En R™™E, R™™MAN =
E[xh(if 1,j)] _ A[Xh(f’?)} £ BuGi) @ AMB = B.
x'(i,j+ 1) x“ (i, ) 3 (1)
[1] , 2 ,
(ill-posed), , (1) E= diag{En,E\},  En
, (1) RN E, R
, M
(1) : (2) 3
3 (2)
“ X"(i+ 1)) X" (i, 1)
E[ ]:A[)] (6)
M = MFN. g+ D) x (0]
‘F RK . F ’ P=
FF'< I | M N diag{P» P}  R™",
, A E'PE=> 0,A'PA - E'PE< O (7)
(1) : » P
u(i,i) = Kx(i,j), K R™", (3 1 2
3 :
x"(i+ 1,j x" (i, j 1 (D
E[xvgi,j v Jlﬂ = e M)[xvgi,;ﬂ’ @ 3 P= diag{Pn P} R™",
Ac= A + BK. M,
3, E'PE 2 0,
(4) M Ac+ M) PAc+ M) - E'PE< 0 (8)
: (3) (3) , A:= A + BK, (4)
(4) AA
(2) (1)
2 (1) ,
1 (2) €> 0,u> 0 P =
, P = diag{Pn,P.} R™", diag{Ps, P.} R™", Pn RM™M™M P, R%M™
Pn R™M™ P, R"™", R=M'PM + I>0,p 'I- R>0,&=B'VB
EPE'> 0,APAT- EPE'< 0, (5) + :



19

1320
E'PE = 0, (9a)
AVA - A'VB® BVA +
u'N'N - E'TPE< O, (9b)

V=P+PM@'- R M'P.

u(i,j) = Kx(,j),K =- & BVA. (10)

(100, (1
(10)
E[xh(i+ 1,j)} _
x"(i,j + 1)
A+ MFN)[XV(f":ﬂ, (11)
x"(i,
A.= A - Bd BVA. (12)
R ,

[Ac+ MFN J'P[A + MFN ] <
AIPA.+ AIPMFN + MEN)TPA.+
(FN )R (FN ). (13)
wll- R> 0,
APMFN + MFN)'PA:+ (FN)'R(FN) =
- INTFT- AIPM (- R) T -
R)[FN - (¢ '1- R)"MTPA]+
ENTF'EN + AIPM (0 '1- R)" M TPA:<
NN + AIPM (1 ' - R) M TPA. (14)
(13 (14 Vv ,
Ac+ MFN)'"PAc+ MFN) <
ANVA.+ p N 'N. (15)
(12) A (15)
ANAc+ NN =
[A+B(- ®¥BVA)]'VIA +
B(- ®BVA)]+ v NN <
AVA + A'VB (- & B'VA) +
(- ® BVA)B'VA +
(- ®BVA) ®(- & BVA) +
“'N'N=AVA- AVBD BVA +
NN, (16)
(9b), (15)  (16),
Ac+ MFN)'PAc+ MFN) - E'PE < 0,
(17)

A+ MY PA.+ M) - E'PE< 0,
A.= A + BK.

(9a) 3 .0
2D SRM
(1|0 0 - Qo01]- a1 ©
E=|0|1 O ,A = Q1 o - 1,
Lolo o 1 Q1 -
i - Q01 1
110 1 —
C= B=| 0 1,
Lo'1 1
Q 01

M=1[01 Q2 Q1]''N=1[01 Q2 Q1]
p= Q99 €= 1,

Q01|]0 O
P = 0 1 1,
0 1
2 , 2,

u(i,j) = - ® BVAx(,j) =
- Q0058 - Q0006 Q0041 |
[ JX(I.J),

Q 1550 Q 018 8 Q 209
5
2D
Roesser ( 2DSRM )
, 2D
(References):

[1] Zou Y, Campbell SL. The jump behavior and stability
analysis for 2D singular systems[J]. M ultidimensional
Systems & Signal P rocessing, 2000, 11(4): 321-338

[2] CaiC, WangW , Zou Y. A noteon the internal stabili-
ty for 2D acceptable linear singular discrete systems
[J] M ultidimensional Systens & Signal P rocessing,
2004, 15(2): 197-204

[3] Zou Y, WangW, Xu S Regular state observers design
for 2D singular roesser models[A ] The 2003 Int Conf
on Control and A utanation[C]. Canada IEEE Opera-
tions Center, 2003 93-97.

[4] Zou Y, Xu H, Xu S Equivalence and duality of 2D
singular systens[A ] 47th IEEE M idw est Sym tosium
on Circuitsand Systens & |EEE on Circuits and Systens
Society[C] Hiroshima, 2004 561-564



