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Abstract : During the process of industria control , data are transmitted by network or sensorsfail temporarily , s the

system measurements may be unavailable at any sample time. A Bernoulli distributed white sequence is used to

describe missing data and the probability of the occurrence of missing data is assumed to be known. The problem of

H o static output-feedback control is designed for a classof uncertain discrete-time stochastic systems with time delay.
By the output-feedback control designed, the systems are exponentially mean-square stable and a prescribed Ho

performance is guaranteed by using linear matrix inequalities (L M1s) . The smulation result shows the validity of the

proposed design approach.

Key words: Discrete-time uncertain systems; Time delay; Missng data; H. static output feedback ; LM

[1]

[2]

1 2006-05-18; . 2006-08-15.

[2.3]

4]
.Chen !

)

. Albertos '
: : [4,7,
8] Bernoulli

[9]

[10]

Bernoulli ,

(60474049 ,60604027) ; (A0510009) .

(19739 , , )
(19839 , , , )



22

990
2) , (5) He
yy >0,
L yapunov E{ Il z(k 1%} <y?E{ I w(k II?}, Vw(k # 0.
LMI (7)
He
2 Il z(k) 12 = kZzT(k)z(k) ,
I w(k) I > = kaT(k)w(k).
x(k+1) =
Ax (K + Agx(k- d(k) + 1 , B. :
Biw(k) + B2u(K , A2 M=M,Q=Q" >0,A
y(k) = r(k) Cx(k) + Dw(K) , , :
z(K = Tx(K). (1) 1) ATQA - M < 0, (8)
:x(K) R" ,w(Kk) R™ 2) F G
12[0, ®) ,u(k)  R™ [-M+ATF+ FFA - FT+AT(j <0. (9
z(k R y(k R - F+GA Q- G- G '
,0h < d(k) < de ,0< di < 1 F=0 |, 1 [12]
cb. r(kk R Bernoulli F
, 0 1.
Poo{ (K =1} = E{r(K}: =, 2 2 B, R'™
Poo{r(K =0} =1- E{r(K}: =1-7r, (3) U Rv R'™,
.
B> = U[j v,
: S = diag{01, Om}.
M =(A,Adq,B:,C,D,T) R, Q R%™ @ = B0
R =
(A,A¢,B1,C,D, T | (A,Ad,B1,C,D,T) = Cu G
. G = u[ JUT. (10)
_Z[i(Ai,Adi,Bli,G,Di,Ti), 0 &
' ' Gu R%™  Gp R (MG
T, 20, = 1. R(™ ™) " (mm)
% [13] 2
u(k =- Ky(K, (4) s
K _ 2 [13] 2 G
(4) D,
x(k+1) = 3
(A - (K B2 KC) x(K) + Aax (k- 1 y >0. ©)
d(k) + (B1 - B2 KD) w(k) , He
z(K = Tx(K. (5) P, R
(4) (k- +1)R- P *
, : 0 - R
1) w(k =0 : (5) 0 0
x(0) o = T 0o
1,0<T <1, PA - rPB2 KC PA 4
E{ Il x(k I} <a “E{ I x(0) Il *}. (6) L BPB: KC 0



He 991
* * * * | Vi(k+1) - Vi(K +Va(k+1) - V2(K -
* * * * x' (K Px(K <& (K 7€ (K. (19)
_ y2| * * * - 0 _ o
0 o * B=EK-n>=@@-nr,
PB:1- PB2KD O P * £ (1 :[ x (K)
0 o o0 -Bp x(k- d(K)
(11) [ Au * J
B=(@@-nr. “LAIP(A- B:KC) AlPAs- R’
L yapunov Ny =
V(K = x" (K Px(k) +Vi(K +Vz2(k , (A - B2 KC)"P(A - B2 KC) +
(12) B(B2KC)"P(B2KC) - P+ (b - ch +1) R
Schur (11) N <
Vit = 5 ) (m) R (m), 13 (3 1
m=a(R (5)
Va(K) = s 3 (Y Rx(D).  (14) wik #0
n=Z+2I=kZl AV (k) = E{V(k+1) | V(K} - V(K =

Vi(k+1) - Vi(K =
X" (K Rx(K - x"(k- d(k)Rx(k- d(k) +

k- dp k-1
T T
x (m Rx(m) + x (m) Rx(m) -
m:k+]Z(k+l) m:iZdl
k-1

Z x"(m) Rx(m) - x" (K Px(K), (15)
m= k: d(k

Va(k+1) - Va(K =

Z [xT(k) Rx (k) + sz(I) Rx (1) -
_z x" (1) Rx(l)] =

k- dy

(e - ch) X" (K) Rx(K) - _L x"(m) Rx(m) .

(16)
d < d(K < &,

k-1

_2 x"(m) Rx(m) -

k-1

x"(m Rx(m) <0,
m:kzd(k) (m) Rx (m)
k- dy
x"(m) Rx(m) -
m:k+]Z(k+l) ( ) ( )

k- dy

_ZZ x'(m Rx(m) <0,

w(k) =0
AV(K = E{V(k+1) | V(K} - V(K =
E{ ((A - r(KB2KC) x(K + Asx(k- d(k))" x
P((A - r(k) B2 KC) x(k) + Aax(k- d(K))} +

(17)

(18)

x (K) T A * x (K)
x(k - d(Kk)) * x(k- d(K)| .
w (k) My Ms 115 w (k)

(20)

B> KD) T P(A - B2 KC) ,

B2 KD) .

My = (B:1 -

Mz = (B1 - Bz KD)TPAd,

My = (B1 - B2 KD) ' P(B: -
E{fV(k+1} - E{V(K} +

E{z' (K z(K} - Y E{w (Ww(k} =

[ x(W 7T A *
x(k- d(K) -
-rl31 I-|32 |_|3

L w(k) -

x(K)
x(k- d(K)| +
w(K)

Tox(® ] TTT e s x(K)
x(k- d(K) o o o+ [x(k- d(k))] :
2

- w(k - Lo 0 -y w(k)
(21)
[13] 1,
Ho 0
1 y >0. (5)
He
P R,
[ (k-  +1)R- P *
0 - R
0 0
T o
PAi - rPB2 KC; PA g
L B PB: KC; 0




992 22

* * * * ] [ 1LATG- Mi(B2EC) T +
* * * * I1G'Ai - 1Bz ECi + * *
_y2| * * * (k- i +1)R - Pi
- 0 T .| <0 1AL G +BI2B2 ECi - R *
PBy - PB2KDi O - P  * hBiG- (BED)T O ¥R
0 o o -pe T A
22) G'A - B2EC - hG G'As G'Biy - B ED;
_ L BB EC -Bl2G 0
, B=@-1r,A ,As,Bi,C,Di, T . . . -
1 L yapunov * * *
, L yapunov , \Y . . <0, (25)
P- G- G *
: 0 B(P - G- G'M
L yapunov . 1 E = QK.
L yapunov , :
He : 3 y > 0. (5)
2 y > 0. (5 , H o
He P Ri, G, E Q,
Pi Ri, r o, (25) (24)
[nl +Njo +0M, -0O7 +r|;r]
ce+rm, n-r-rig =% K=o'E 26)
i=1, s (23) 2 ,Matlab L M1 Tool box
) 2
Mo = B. R'™ , u
(- h +1)R - P * * * RV R™
0 - R * *
0 0 -y «|’ BzZU[jVT,S:diag{Ol, On},
i T 0 o -
M2 = 4 y >0 (5)
Ai - B2 KCi As Bi - B2 KD; j ’ He
- B2 KG 0 0 | E,Gu,Gz,Gz, PR,
|_|3 = dlag{ Pi Bpi}. O r LATG - rl_l(Bz ECi)T "
2 l1GTAi - 1Bz ECi + * *
L yapunov : (k- dh+1)R - P
r o) . : ILALG +B 12B2 EC: - R *
r o , 11BIG - 11 (B2 ED)) " 0 -y
o - [Ile 0 O j T 0 0
0 BLG O ' G'Ai - IB2ECi- 1G G'As G'By - B2ED;
G 0 L BB EC -B 126G 0
e S e
l1,12 , 1 B2 , . . .
Q. . ) ) <o, @
G'B: = B2Q, (24) b & .
(23) 0 B(P - G- G')




k
(b) ST Phw (k)

9 He 993
Gu Go
G = U[ J u'.
0 & P15
fsal
1 o~ 1 T ﬁ 1 0
K=VS GiSV E (28) w
fﬁ
4 > 0.5
. |
0.3+0.» 0.5 0.1 0006 02 02 04 1
A = 0.2 0.6 0], p
> 7h B U M B
0.4 0.1 O. (¢) H.RzhzEmwtkee
(0.1 0.2 0.1 1 r(k), w(k) ,
As =1 0.2 0.2 0.1 , Heo
L0.3 0.2 0. , Bernoulli
1] 1 1 r(k) 1 , p
B. =1 ,B2=|1 0 , H o
L 0
D=1, T=[1 0 0], 5
C=[1 0 0],r=0.8,c = d =2, He
[Pl =1 Bernoulli
l1 :O,|2 :O, 4 (27)
fminsearch, L =- 0.059 7, = , Lyapunov ,
0.036 7 Yy = 1.456 7, L yapunov ,
K [0.8203 - 0.1183]". LMI
He ,
x=[0 0 0]" |, Ho
2,10 £ k £ 20;
( References)
w(k =% - 2,50 < k £ 60; [1] ' H.
0, others. [3]. , 2004, 19(2) : 147-152.
15 (Gao Hui-jun, Wang Chang-hong. Robust H. state
estimation for systems with uncertain parameters[J].
Control and Decison, 2004, 19(2) : 147-152.)
< s [2] Bara G |, Boutayeb M. Satic output feedback
= stabilization with He performance for linear discrete-
time systems[J]. |EEE Trans on Automatic Control ,
2005, 50(2) : 250-254.
'0-50 20 40 60 80 [3] SyrmosV L, Abdalah C, Dorato P, et a. Static output
k feedback : A survey[J]. Automatica, 1997, 33(2) : 125
(a) BEMLAZEr(k) 137
2 [4] Wang W, Yang F. H filter desgn for discretetime
systems with missng measurements [J ]. Acta
Automatica Snica, 2006, 32(1) : 107-111.
:g, 0 [5] Chen Y-M, Huang H -C. Multisensor data fuson for
manoeuvring target tracking [J]. Int J of Systems
Science, 2001, 32(2) : 205-214.
-2 [6] Albertos P, Sanchis R, Sdla A. Out prediction under
0 20 40 60 80

scarce data operation: Control applications [ J ].
Automatica, 1999, 35(10) : 1671-1681.
( 999 )



/ 999

, (s,Q / ) ,

( References)

[1] Heizer J, Render B. Operations management[ M]. 6th
ed. Beijing: Tsnghua University Publisher, 2001.

[2] , .

[J]. , 2004 ,15(10) : 892-894.

(Guo Cai-fen, Wang Ning-sheng. Optima control of
production and strage in the trander line[J]. China
Mechanical Engineering, 2004 ,15(10) : 892-894.)

[3] Papadopoulos H T, Vidais M |. Minimizing WIP
inventory in reliable production lines[J]. Int J of
Production Economics, 2001 ,70(2) : 185-197.

[4] Panayiotou C G, Cassandras C G, Zhang P. OrrLine

make-to- stock

inventory cost minimization for

manufacturing systems [ C]. Proc of the American
Control Conf. New York, 2002, 6: 44694474,

[5] Blanchini F, Miani S, Pesenti R, et al. Control policies
for multi-inventory systems with uncertain demand and

setups[ C]. Proc of the IEEE Conf on Decison and

Control. New York, 2001, 2: 1941-1946.

[6] , .

[J1. , 2004 ,19(4) : 411-415.
(Pan Jing-ming, Tang Xiao-wo. Flexible supply chain’ s

volume decison model and its optimization under
demand uncertainty[J]. Control and Decison, 2004, 19
(4) : 411-415.)

[71 , , .

[J]. , 2004 ,19(11) : 1278
1281.
(He Yong, Yang Deli, He Jv, et a. Optimizing
inventory model for deteriorating items based on
integrated approach[J]. Control and Decison, 2004 ,19
(11) : 1278-1281.)

[8] : , . [3].
, 1999, 25(3) : 337-343.

(Shen Ting, Zhao Qian-chuan, Zheng Dazhong. An
inventory control policy [J]. Acta Automatic Snica,
1999, 25(3) : 337-343.)

[9] Gri B C, Yun W Y, Dohi T. Optimal desgn of
unreliable productiorrinventory systems with variable
production rate [J]. European J of Operationa
Research, 2005, 162(2) : 372-386.

[10] Khmelnitsky E, Gerchak Y. Optima control approach
to production systems with inventory-level-dependent

demand[J]. IEEE Transon Automatic Control , 2002 ,
47(2) : 289-292.

( 993 )

[7] Chen G A. Smple treatment for suboptima Kalman
filtering in case of measurement data missng[J]. |IEEE
Trans on Aerospace and Hectronic Systems, 1990, 26
(2) : 413-415.

[8] Wang Z, Daniel W C, Liu X. Variance constraned
filtering for uncertain stochastic systems with missng
measurements[J]. |IEEE Trans on Automatic Control ,
2003, 48(7) : 1254-1258.

[9] Savkin V, Petersen | R, Moheimani S O R. Mode
validation and state estimation for uncertain continuous
time systems with missing discrete-continuous data[J].
Computers and Electrical Engineering, 1999, 25 (1) :
29-43.

[10] Smith S C, Sdler P.

measurements: Jump estimators for jump systems[J].

Estimation with lossy

IEEE Trans on Automatic Control , 2003, 48 (12) :
2163-2171.

[11] Peaucelle D, Arzelier D, Bachelier O, et a. A new
robust D-stability condition for real convex polytopic
uncertainty[J]. Systemsand Control L etters, 2000, 40
(1) : 21-30.

[12] Geromel J C, Oliveira M C de, Bernussou J. Robust
filtering of discrete-time linear systems with parameter
dependent L yapunov functions[J]. SIAM J on Control
Optimization, 2002, 41(4) : 700-711.

[13] Yang F, Wang Z, Hung Y S, et a. H. control for
networked systems with random communication delays
[J]. IEEE Transon Automatic Control , 2006 , 51(3) :
511-518.



