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Robust H~ Control for M arkov Jump L inear Systems
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Abstract: The problan of robustH » control for uncertain stochastic system swith M orkovian jump parameters is
discussed A mamoryless state feedback controller is designed to make the closed-loop systam asymptotically mean-
square stable for all admissible uncertainties, and at the same time, aprescribedH « performance is required to be

achieved

In tem sof linearmatrix inequalities, sufficient conditionsfor the slvability of thisproblen are proposed

The expressions of desired state feedback controllers are alo given Finally, a numerical exanple show s the

effectivenessof the proposed method
Key words H «» control; LM I, M arkov process Robust statlity; Stochastic systans

1
Krasoovskii L idskiit™
. 40 ,
[2 4]
: [4]
[3]
, [5 7]
: 2004-12-10;

(1980- ),

)

. 1961

(I )]

: 2005-04-06

(60474078, 60304001);

1 ’

[5]

X:

dx (1) = [ (r () + A (r(t),a(t) Ix ()dt+

1

(200240).
(1962- ),



12 H o 1371
B (r(D) + 28 (r(D),b() Ju(Ddt+ | 2000 = [E{[ 200 |zd}J ve
B.(r())v(®dt+ G(r(t))x (t)dw (1), 0

(1)
z() = c(r(®)x(®) + D (r())u(r), (2 H e :
x (0) = xo,7(0) = ro (3) H =
x() R u) R 3
v R 20 R @)
w (1) E{dv (0} =
0 E{dw()? = dt r(1) S = - '
(12 N} 1 T AD,GW F
PLr(t+ M) = j|r(®=i}= \1’¥>°’FFS . n
Nh+ o(h),i# J; LY R
1+ Ah+ oh).i= i (4) 2x DFGy < € 'x DD XT+ & G Gy,
2) €>0 W- ©D > 0,
Ay i j (A + DFG)W (A + DFG) <
AW - ©D") A + € 'G'G
A2 0, (5) 1 v(t) = 0, i S,
A= ,,’“J'- (6) pi> 06> 0, Xi> 0 Yi
1 =i s LM Is ]
HuHa R".Ex R™Es R Q  XEL YELZ XGI  z(X)
M (i,t) = HuFu(t)Euq, (7 EuXi - Al 0 0 0
AB (i) = H 2Fa () Ean 8 E2Y; 0 - ol 0 0 < 0,
Fu@®),Fa@®) R Gx. 00 - Xi 0
LZ (X1) 0 0 0 - Zo(X:)
T (12)
{F:(t)':“(t) ="y stz (9)
Fa(Fa(t) < I, :
. . Q=AXi+BiYi+ AXi+ BiYi) +
) (79 aig, a8 G, AiXi+ PHH L+ OH 2H 2, (13)
119 u(d=0ov(®=0 , () Z(xi) = I: AnX i Ai- 1 X,
Xo Aiv 1X Aj,NX] ’ (14)
= R 1o s, Zo(X1) = diag[X 1 Xi1 X1 Xn ]
IME [x (t,x0,10) ['= Q (10) (15)
X (t, Xo, I’o) Xo, (E)
ro t . u(t) = 0,v(t)
=0 (2 u(ti) = Kix (1) = YXi % (1). (16)
) , i s (12 Xi> 0,V
| | 2- JE(*) pi> 0,6> 0, Schur (16)
A+ BK)Xi+ Xi(Ai+ BiKi)T+
2 Y> 0, (X PH 1H I+ OH 2H 2 +
H. , ) P X ELELX +
1) : 8 X KTEZE2K X i +
2) ZSMX XX+ XGIXi'GXi< Q (17)
Iz e, < M v, (12) L yapunov
xo= 0,v(t) L2[0, ) Vx(),r(®) = 1) =V, i) = x®"Px(t),
el L (18)



1372

20

AV (x,i) <

x'[Piai+ BiK)+ (A+BK)P+
P 'ELEw + & 'KIEZE2K i +

PPH 1H P+ OPH 2H P +

ZNJ‘PJ’ + GiPiG;| X. (19)
Pi= Xi! (19) Pi,
x()# 0 AV (x,i)< 0, Vi S
1 [10] ,v(H) =0
.0
1 1 LM
) , M atlab
1
[8] 5
4 H
2 H
2 Y> 0, 2)
H o Y, i S, P
> 0,6> 0, Xi> 0,Yi LM |
e Bu XEL VYEL
Bu - YI 0 0
EuX i 0o - Ml 0
E2Yi 0 0 - &l
GiX i 0 0 0
Z(X1) 0 0 0
L J; 0 0 0
XiGl  Z(X) 7]
0 0 0
0 0 0
< 0 0 0|< 0, (20)
- X 0 0
0 - Zo(X) 0
0 0 -

(L, Z (X)), Zo(X ) (13 15)
Ji= CXi+ DiVs
u(t,i) = Kix () = YXi (). (21)
(21) ()
dx (1) = [Aic+ Mic)x (1) +
Buv(t) Jdt+ Gix(t)dw (1), (22

z(t) = Cicx (1), (23)
Ac= Ai+BK,Mic= Mi+ ABIK,Cic= Ci
+ D K.

(20) (12) : 1
v() L2[0, ), (X) (10).
L yapunov (18)
AV (x,i) =

27 (t)Pi[A ic + DA c]x (1) +
T (PBw (1) + x ()GIPGix (1) +

Z MjXT(t)PiX (1). (24)

W(t) = E{[;[ZT(S)Z(S) - W (s)v(s)]d%,
Vi> 0,

Wy = Eﬂ’;[zT 92() - W (9v(9) +
A(x(9),9) ]ds} - E{v(x(1),t} <
Eﬂ’;[ZT 920 - W (9v(9 +
A (x(s),9) ]ds} =
e X7 vEINE x

[x(9" v(9" ]Tds}. (25)
_ (03] B vi i|
re = [BL - Y (26)
D= P @Ac+t M)+ A+ AAic)TPi"'
GIPGi+ Zs YiPi + CiCic (27)
Xi= Pit (20), (21) 1

Xi(d+ YBBU)X i<
AXi+BiY)+ AXi+ BiY) +
X GIPGX i+ ijxixglxi+
PH uH L+ OH 2H & +

0 X ELEwX i+ & “YELEaY: +
(CXi+ DiY)T(CXi+ DY) +

YB.Bu< Q (28)
Schur ,VIx(" v('1# 0,
I'(s) < Q (29)
Vit> 0, W(t) < 0, (112) . O
5
(20):
1



12

H o 1373

A= ,B1= ,Ci= [1 0],
0 2 2

1 Q5 1
D1:05,G:L:|: :|'BV1: |:C;|
a5 1

2

1 0 2
Az= ,B2= ,C2= [2 0],
5 -
1 Q5 0
D= Q5G:= ,Bvw= ,
Q5 1

LI E
1i — 2, 2i — y ll—[ ],

Ex= Q5Vi {12}

H o Q4 M atlab
LM | (17) LM s,
pr= Q1827,P.= Q 1864, 6= Q 4679,
2 194 4 -.73351
- Q7335 15330)°
Yi= [- 37022 - 5 5979],
x2:[130719 - 48387}’
- 48387 45123
Y2= [- 52 2495 13 401 0]
2
Ki= [- 34613 - 5 3077],
K.= [- 48050 - 2 1828],

&= Q5548X:= [

u(t,i)= Kix(,i {1,2). 1 2 X0
= [Q6 0] ,r=1 .
v(i) = 0 X)) u®=0 wu(ti=
Kix (t) 1 .
(20) (
); ,
0, (
) 2 , ,
2
1
=3 o bl A _ aab
-1 4 — L
0 4 8 12 16 20

(a (1 )

(b) (2 )

1
3 08¢}
=
g
£ os I\_\_r/
0 1 1 1 1
0 4 3 12 16 20
t/s
2
Q 4,
H « , LM |
(References)

[1] Krasovskii N N, Lidskii E A. Analytical Design of

Controllers in Systens with Random A ttributes[J].
A utanatic Renote Control, 1961, 22 1021-1025

[J] (E ), 2003, 33(4): 327-
329
(Yao L L, Zzhang J F Quadratic Control for
Continuous-tme Stochastic L inear System Based on
Sampling [J] Science in China(Series E) , 2003, 33
(4), 327-329 )

[3] De FariasD P, Geromel JC, DoValJB R. A Noteon

the Robust Control of M arkov Jump L inear U ncertain
Systeans [J] Optimal Control Applications and
M ethods, 2002, 23(2): 105-112

[4]Bernard F, Dufour F, Bertrand P On the JQ

Problen with Uncertainty [J] I|EEE Trans on
A utanatic Control, 1997, 42(6): 869-872

( 1378 )



1378

20

4)

(References)
[1] , , :
J1 , 1994, 16(12): 9-20
(Gu X X,Sun Y P, Feng C B. Reviev of Study on
Coordinated M ultiple Robots Systen [J] Systen
Engineering and Electronic Technology , 1994, 16
(12):9-20)
(2] , :
[31 , 2000, 17 (6):
36-38
Xiw M, Wen J F, Yan J P. Motion Planning for
Complex Edge Coordinated T racking with Dual-robot
Controlled by V idicon[J]. M achinery D esign , 2000, 17
(6): 36-38 )
(3] , , :
[J] , 1998, 20(4): 253-257.
(TangY S, Huang YL, Lu G Z M otion Planning for
Complex Edge Tracking with Two Coordinated
Industrial Robots[J]. Robot, 1998, 20(4): 253-257. )
[4] 1obe T, Nagasaka K, Yananoto S A Neav A pproach
to Kinematic Control of SmpleM anipulators[J]. 1EEE
Systerm, M an and Cybernetics, 1992, 22 (5): 1116~
1124
[5] M uller Karger CM, GranadosM irenaA L, Scarpati
Lopez J T. Hyperbolic T rajectories for Pick-and-place
Operations to Elude Obstacles[J] IEEE Trans on
Robotics and A utanation, 2000, 16(3): 294-299

0.50 N a . o
0 0.2 0.4 0.6 0.8 i
t/s
(a) A& %
2
2 —2
s} _zr AN ’/
0 0.2 0.4 0.6 0.8 1
s
(by ® %
5 Yy=05
) Y X
) 1s
5
l) )
2)
3) ’
( 1373 )
[5] , , . Ito
[J] , 2000, 17 (4),
569-572

(Deng FQ, ChenJ T, LiuY Q. M ean Square Stability
and Robust Stabilization of M ultiplemode Ito
Stochastic Systeans [ J ]
A pplications, 2000, 17(4): 569-572 )
(6] , , :

[J] ,1998, 27(1): 1-5
WuHN, XieKN, YouCD. Robust State-feedback
Control of Stochastic System [J] Inf ormation and
Control, 1988, 27(1): 1-5 )

Control Theory and

[7]1Xu S, Chen T. Robust H« Control for U ncertain
Stochastic Systensw ith State Delay[J] IEEE Trans
on A utanatic Control, 2002, 47(12): 2089-2094

[8] Boukas E K, Yang H. Exponential Stabilizability of
Stochastic  Systeans wiith Jumping
Parameters[J]. A utanatica, 1999, 35(8): 1437-1441

[9] Feng X, Loparo K A, JiY, et al Stochastic Stability
Properties of Jump L inear Systens[J]. IEEE Transon
A utamatic Control, 1992, 37(1): 38-53

[10] KolmanovskiiV B, M yshkiaA D. A pplied Theory of

Equations [M ] The

M arkovian

Functional D if f erential
N etherlands Kluwer, 1992



