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Robust controller design for a class of networked control sysems
based on state observer
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Abstract : The problem of robust stability and robust controller design for a classof networked control systems (NCS
based on state observer is studied. Considering time-driven sensors, event-driven actuators and the controller , and the
uncertain time-delay less than and equal to one sampling period, an augmented mathematic model for the NCS based
on state observer is developed. By using linear matrix inequality formulation, the conditions of the robust stabilization
for the NCS are derived. Furthermore, the desgnsfor the robust control law and the state observer are presented. A
numerical smulation example shows the efectiveness of the analysi's method.

Key words: Networked control systems; Robust controller desgn; States observer; Linear matrix inequality;

Uncertain time-delay

: NCSs
21 , (NCSs) , ,
’ [1.2]
H el 2 NCSs
NCSs y ,u
! y T s T s
3 " T @ )
NCSs S
NCSs
u.
NCSs, ’ ’
, k T«
: 2006-06-13; 1 2006-08-23.
(60574011) ; (20060107) .
(19604 , , , , , ;

(1956 9 , ' . )



1166 22
=TE +T8) T , T < T.
NCS
Y = A B -Ty),
x (1) x(t) + Bu(t ) 1)
y() = Cx(1).
:x (1) R", u(t) R y(1) R™
A,B C
: x(k)
u(t)
Tk [0, T],u(t)
u(t) _ U(k- 1) , Ik <t Stk +T«; (2) 1 NCS

CluR, T <t < b+ T
[2]

Xx(k+1) = Aax(kK) + (Bo + DF@«) E) u(k) +

(B1 - DF(C«) Bu(k- 1), (3
y(K = Cx (K. (4)
Ad,Bo,B1,D E [2].
e 3 @ T
[0, 7], Aq (Ad, O

[9]
X(k+1) =AdR(K + Bou(k) + Biu(k- 1) +
LIy(K - CAa " (R(K -

Bou(k- 1) - Biu(k- 2))]. (5)
RX(k R L
, k
y( = Cx(k- 1). (6)
3,0 (6, (5)

X(k+1) =
LCAZ"x(K + (Ad- LCAHRX(K +
Bou(kl + (B1 - LCAs'DFE) u(k- 1) +

LCAs'DFEu(k- 2). (7
e(k) = x(k - X(K. (8)

u(kl = KR(K) . (9

QR (@ (9, NCS

x(k+1) =[Aq + (Bo + DFE) K] x(k) -
(Bo + DFE) Ke(k) +
(Br - DFE) Kx(k- 1) -
(B: - DFE) Ke(k- 1). (10)

e(k+1) =

DFEKx(K) + (As - LCA' - DFEK) e(k) +

(LCAG' - 1) DFEKx (k- 1) -
(LCAG' - 1) DFEKe(k- 1) -
LCA:'DFEKx(k- 2) + LCA:'DFEKe(k- 2).
(11)
Ao = Ag + (Bo + DFE) K,
A1 = (B1 - DFE) K,
A: =- LCAY'DFEK,
Ao = DFEK, B, = LCAs'DFEK,
Bo = As- DFEK - LCAY',
B. =- (B. - DFE) K,
A: = (LCAY' - 1) DFEK,
Bo =- (Bo + DFE) K,
B. = DFEK - LCAs'DFEK.
NCSs
[x(k+1)} __M Bo] _x(k)}
e(k+ 1) LAs 8o Le(r) "
A1 By [ x(k- 1)]
LA: Bd Le(k- 1) *
0 0] x(k- 2)]
- (12)
LA Bal Le(k- 2)
1 NCS(1) ,
(7) (9
©) .
119 W,M,N F(K,
w , F(K FT(KF(K <1,
W+ MF(WN+ N F (WM™ <0,
€ >0,
W +EMM'™ +€ *N'N < 0.
3
1 NCS(12)

y Pn(nzl,z,
6) €i(i=1,2,3,49 >0, :



10 1167
[ Ps+ Ps- Py * . * * x( |7 As AL AL
0 Pe+ Po- P ® : ' e(k) An An AL
0 0 AT " x(k- 0| | An An  As
0 0 0 P * AV (K =
0 0 0 0 o e(k- 1) An  Ax A
0 o 0 0 0 x(k- 2) Asi  Asz  Ass
Ag + Bo K Bo K BiK -BiK 0 - ek - 2)- -As Ae Ass
0 Aq 0 0 0 Al As Aal [ x(k
EK EK EK EK 0 Ak A A e(k)
EK EK EK EK 0 A;'{3 Ags Ag3 X(k- 1)
-0 00 “hw AL AL e(k- D]
LI o he AL | X
* * * * * * * A64 A65 AS& = e(k- 2)_
. P . . . . Z" (K DPz (K (16)
S * e Au = AS PiAo + A P2Ac + Ps + Ps - Pr,
< S Y ¢ N Y Y g Az = Bo PiAo + Bd P A0,
0 N - N i N * Az = Al PLAo + Al P2 Ao,
0 0 N o Az = AT PiBo + Al P.Bo,
0 0 0 -g;1 * x % R
0 0 0 0 e * Ao = Az Pefo,
o o0 o o 0 No * As = Bi PiAo + BI P Ao,
EK 0 0 0 0 0 -g4d Ass = Al P2A2 - Ps,
(13) Ae = BI P2A0, Ass = A P:Bo,
“own , Ae = Bl PB2 - Ps,
N: =€.DD" - Pi', Az = Bl PiBo + Bf P:Bo,
N, =€,DD" - P! +€5LL ", Az = Bo PiBo + Bo P2Bo + Pi + Ps - P,
N:s =€4(CA'D) (CAZ'D) " -€31. Az = Al PLAL + AL P2AL - Ps,
P.,n=1,2, .6, As = B PLAL + B A1,
L yapunov Ass = A7 PA1, Ass = AZ P.B1,
V(K = Au = Bl PiB1 + Bf P:B1 - Py,
x" (K PLx(K) + e (K Pe(k) + Aes = BI PAL, Aes = BI PA,,
X" (k- 1) Psx(k-1) +€e (k- 1) Pae(k- 1) + Ae = BIP.B:, Aw = BI PBo
_ZZXT(k_ 5 Pox(k- i) + 2’ (K = [TXT(k) 'eT(kT) X (k- .
i e (k-1 ,x (k-2 ,e(k-21].
_ZZeT(k- i) Pee(k- |) >0, (14) L yapunov V(K > 0AV(K
i <0, ®P<0 NCS(12
Av(K = [ Auw AL AL AL AL AL
x"(k+1) Pix(k+1) +e (k+1) Pe(k+1) + An An AL AL AL AL
X" (K) pax(K) + e (K Pie(k) + x" (k) Psx(k) + Az An Axm Ak AL AL
& (1) Pe(k) - X7 (KW Pix(K) - & (K Pre(k) - Ai Ae Ae Auw AL anl S00UD
x (k- 1) Psx(k-1) - e (k- 1) Pre(k- 1) - Ast Ass  Ass  As Ass Ak
X" (k- 2) Psx(k-2) - (k- 2 Pse(k- 2). L Asr Asz Ass Ass Aess  Aes
(15) Schur 1, €, >0,

NCS (12) ,

(17)



1168 22
[P+ Ps- P 0 0 0 0 < 0. (19)
0 Pi+ Po- P, O 0 0 . u gm
0 0 Ps3 0 0 . ,
0 0 0 Ps 0 N: =€:DD" - Xi,
0 0 0 0 Ps - N2 =€.DD" - Xz,
0 0 0 0 Ns =€4(CA¥'D) (CA:'D)" - €31,
Ag + Bo K - Bo K Bi1 K - B:1 K 0 Ns = Xz + Xs - Xu,
Ao Bo A1 B1 A2
I -  EK - Ek 0 Ne = Xa + X6 - Xo.
0 (Ag+BoK'™ A (EK) T
0 S (BoKT BT - (EK)T L= Y, (20)
0 (BiK) " Al - (EK)T
0 S BKT BT (EK) T K= Wi Xit. (21)
<0 0 AT 0 <0. (18 ’
- Ps 0 BJ 0 . Schur . (13)
0 &DD"-PR' O 0 diag{ Pi*, P, Pit, Pt Pt R LY
B, 0 - Pl 0 N2 =€.DD" - P2*, X1 = Pi*, X2 = P', X5 =
0 0 0 -€11 XiPs X1, Xa = XoPsXo, Xs = Xa P X1, Xe =
Ao .Bo ,A:,B1,A; B2, €;>0,j =23, X2 PsXo,Y =€3L7T W1 = KXi1,W2 = KXz,
4, 1 Schur , N1 = (13) (19) . L =Y/,
€.DD" - Pi',N2 =€,DD" - P! +€3LL",N;s = K= Wi Xit O
€4(CA4'D) (CAY'D) " - €51, (18) (13). 4
O
2 Xa(n=1,2, 0 b
,6) , Wi, W2 Y, gi(i=1,2, ,5 > A:|:_2 _J ,B:[j,
- " . . . . C=1[0.01 - 0.1].
0 Ne . . . NCSs 10 ms,
0 0 - % . . , T < T, A
0 0 0 e * -1 -2,
0 0 0 0 - Xs
0 0 0 0 0 A = [_11 _12] ,
AgX1 + BoW: - BoW:2 B1 W1 - B1W> 0 -
0 AsXz 0 0 0
EWs CEW, - BW.  EW, 0 _[0.5000 [ - 0.500
EW: CBW. - EW:  EWs 0 0_[ 0 }‘Bl_[o.oogﬂ’
0 - GAY'X: 0 0 0 [ 0.999 9 o.oogj [ 11]
0 0 BWy - BWz - BWA A= 00197 o0.970d " FT L. 4"
L 0 0 0 0 0
© o e« . Tv<T
- * * * * * * SilTlea) 1,i=1,2, ,n,
o e a s w x . o= a1
) XG . . . . i X i F([ k) — dlag(e-l(o.ol-l'k+1) , e»Z(0.0l»I k+1)) ,
0 o+ = © e .
.0 N * = T * FE«) 'FEW <1,
0 Nz * @ x oo _[-2.7183 -3.6945}
0 0 0 & x o i L 2.7183 7.3891J°
0 0 0 0 €21 * % *
0 0 o0 0 0 N3 N . A ,rank[ ¢ CAq4] = 2,
W 0 0 0 0 0 -€al * . 2, Matlab 6.5
0 0 Y 0 0 0 0 -€3¢H LMI ,



10

1169

[ 123.099 7
- 82.627 8
€3 = 127.899 3,

Wi = [- 0.0012 0.0001],

- 82.6278}
183.784 9]

Y =[-1.2790 - 14.0689].
; - 0.010 Q
L =Y'/es = ,
- 0.110
K=W:Xi' =10°[- 0.1344 - 0.0550].
L 1,

( References)

[1] Mastellone S, Abdallah C T, Dorato P. Model-based
networked control for nonlinear systems with stochastic
packet dropout [ C]. 2005 American Control Conf.
Portland , 2005 : 2365 2370.

[2] , , .o

[3]. , 2004 , 21(6) : 880-884.
(Fan Wei-hua, Cai Hua, Hu We-li , et al. Stahility of
networked control systems with time-delay[J]. Control
Theory and Applications, 2004, 21(6) : 880-884.)
[31 VuN P, Jdiang J M, Andrey V S, et a. Robust

stabilization of linear uncertain discrete-time systems via

a limited capacity communcation channel [J]. Systems
and Control Letters, 2004, 53: 347-360.

[4] Lin H, Zha G, Antsaklis P J. Robust stability and
disturbance attenuation analyss of a class of networked
control systems[ C]. The 42nd |IEEE Conf on Decison
and Control. Maui , 2003:1182-1187.

[5] Dong Yue, Han Qing-long, JamesL am. Network-based
robust He. control of systems with uncertainty [J].
Automatica, 2005, 41: 999-1007.

[6] , , .

[J]. , 2000, 29

(2) : 125130.

(Yu zhi-xun, Jiang Fing, Chen Hui-tang, et a. Desgn

of states observer for network control system with

trander delay[J]. Information and Control , 2000, 29

(2) : 125130.)

Alexey S M, Andrey V S. The problem of state

estimation via asynchronous communication channels

[7

—

with irregular[J]. IEEE Trans on Automatic Control ,
2003, 48(4) : 670-676.

Madyaves V, Savkin A V. The problem of optimal
robust Kalman state estimation via limited capacity
Systems and

(8

—_

digital communication channels [J].

Control Letters, 2005, 54: 285-292.
(9] , , :

H2/ He [J]1.

(3) : 280-284.

(Zhu Zhang-ging, Chou Chuan, Hu We-li. Desgn of

, 2005, 20

robust Hz/ H« states observer for networked control

systems with short timedelay [J]. Control and
Decison, 2005, 20(3) : 280-284.)

[10] Li X de, Souza C E. Delay-dependent robust stability
and stabilization of uncertain linear delay systems: A
linear matrix inequality approach[J]. IEEE Trans on

Automatic Control , 1997, 42(8) : 1141-1144.



