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Optimal minimax robust control for uncertain linear sysems
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Abgract: Thc output fccdback minimax robust control problem for unccrtain linear systems is discussed. The
dcfinitions of minimax robust control of uncertain linear systems are defined. By means of the linear matrix inequality
(LM1) and Lyapunov methods, the sufficient condition of the existence of minimax output feedback controller is
presented under the worst disturbance and uncertaity. The convex optimization method is used to the parameter of the
optimal minimax controllor. The closed-loop system is asymptotic stablc and the upper bound of the index
performence getsto minima. Finaly, the numerical example shows that the disturbance attcnuation of the controller is
fortified greatly.

Key words: Uncertain systems; Minimax control; Output feedback; Linear matrix inequality (LMI) ; Convex

optimization
1 1
[1]
, , Kogan [8,9]
[2.3]
[26] [ 7]
[10]
1 2006-10-16; 1 2007-03-12.
863 (2004A A412030) ;
(1956 5 , , , , ) ;

(19799, , ,



209

x() = (A +AA) x(t) + (B +AB)u(t) + Biw(t),

(1a)
y(t) = Cx(1) + Bz2u(t). (1b)
‘'x R ‘u R
'y Rw R
w La.
[AA AB] = DF()[E E]. (2)
D, BE,E CF(t)
F(y QQ ={F| FFF<I}.
3w =[, (x(07Qx (D + u() "uy) -
Y (1) (1)) dt. (3)
(D :
x(1) =Ax(t) + Bu(t) + Dvi +
Dv: + Biw(t). (4
vi = FEix(t) ,v» = FE2u(t).
1[6]
x() = (A +AA)x(1) + (B +AB) u(t),
X(O) = Xo,

3 :J':[x(t)TQx(t) + u(t) TRu(D) dt,

u’ (b J,

J<J, 3
u’ (1)
2
x(1) = (A +AA) x(t) + (B +
A B) u(t) + Bw(1),
x(0) = xo (3,
u (1) J°,

,u” (1)

‘x(t) = AX (1) + Bey (1),
u= Cx(t). (5
31

T T
J'O (x'Qx + u'Qu)dt <€ Owdet,

(4) (5)

x() = AX() + B9 + D).  (6)

\_ H _z [A BC. CJ
X = , A= )
BCC Ac+BCBZ
)\ [D [03] _ [Bl j _ [cj
D = , B = , W = ,
0 0
Vi

v:[vj ,vi = F(OE, » = F() &.

1 (1) 3,
P, P, X1, X2, X3
X4, €1 >0g2 >0y >0,

-rl N, PB: P.D PiD E]T-
rm rs mBi PRRD P:D O
2
L 0 0
¥ <0, (7
* * * '81 O
* * * * _82 0
| * * * * * -Eil_
[-e.ElEE P.D P.D PiB:
D' P, -€1 0 0
: <0, (8)
D P 0 -€2 0
L BI P 0 0 -y?
u' =- (1 +€: B B) '[B' P + Bl X{,
BJ P + BJ X3]X
(1)
J < Trace(P) = J°. (9

N =A"PL+ PPA+ C'X{ + XiC,
Mo =A"P + X2 + C' X3,

M3 = Xi + Xa, X1 = P2B,

X2 = P2Ac, Xs = P3Be, Xa = PiA..
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D) =V+uu-YOwW-ev'y,
€ = diagfe: €:2].
L yapunov

(10) ,

D(t) =(X'ATPx +@W'B"PXx + v D' PX +
X' PAX + X PBO + X' PDv) +
Uu-yow-eviy

P> 0. (12) v ,
v’ =€ 'D" PXx.
FO()/ 0V =-€ <0, (11)
m9%D(0 =
X'ATPX + X' PAX + 20 B' PX +
Uu-yYoO'w+e X" P'DD’ Px.
(13) W , ,
® =y ?B" Px.
3Xrn9qu(0)/ a =-y? <0,
w’ ,
max® (t) =
Vo
X ATPX + x PAX + u'u+
Y 2X P'BB'PX +¢ 'X' P'D D PX.
(2

Q@dv-+uTu-y%5ﬂﬁ <

X ATPX +x PAX + u'u+

YV X P'BB ' Px +¢ 'X'P'DD ' Px +

X' ElEX+&:u B Bu =

[x"AT +X'cBT,x"C'B! +

X"Al + X' C/BIB{] Px +

TP[ Ax +~Bcc§ J+

B:.Cx + Acx + BcB2Ce
YV X P'BB ' Px +¢ 'X'P'DD ' Px +
EX ELEX+U(l +6: B B)u =
X'A¢ PX + X' PAox + x' H' PX +

PX +
B' BJ BI]

YV X' P'BB'Px +¢ 'X'P'DD' Px +

_ 0
X' PHX + 2[O,uT][

e 0
EX ElEX+ [O,UT]L[J :

[ A (CJS| |: ; 0]
Ao = , H= ,
0 B.C A

(10)

(11)

(12)
v

(13)

(14)
(13)

(15)

(16)

E = , L = T i
0 0 I +&:2B

(16) u , ,
ut =- (1 +€: B B) '[BT,BIBI] PX. (17)
82(NJ%X(V+ uu-yww))

o -
(l+e: E B) >0,
(16) u

(17)
(16) ,

min max (V + Uu-yww) <

X Ao PX + X' PAoxX + X' H' PX +

PX +
B" BJ BJ]

Y ?X P BB Px +€X Ef Ei1X +

E'X PDD Px + U (1 +€2E B)u =
X [As P+ PAo + H' P+ PH +
EEIE - PY(l +&, B B) 'Y P+
Y?’P'BB'P+¢ 'P'DD' P]X,

v=laa)

min m%x(\'/ +UuUu-YO'0 <- X QX.

u Vv

\ 0
X' PHX + 2[0,uT][

(18)
(18)

(19)

AcP+ PAo + H' P+ PH +y ?P' BB P+

E'PDD P+eEIE <0 (20)
) Q > 0. Schur
(20)
ACP+ PAo+ Z' + Z+EE{EL P'B P'D
! BTP -y? o‘[so,
D'P 0 -£
(21)
Z = PH.
V =X QX +Y °X' P'BB" Px +
E'XPDD'Px -€X El EX -
X PY(l +€2 E B) "Y' PX,
(21)
Y?PBB'P+£ 'P'DD P-
EEIE - M <0 (22)
\ V <0, (6) .
M = PY(l +€: B B) 'Y P.  Schur ,
(22)
-€EIEE-M P'D P'B
D'P -€ 0| <0, (23
BT P 0 -y*

x( o) = 0. (19) ;
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2
mlnrQ%XJ(u,W) =
mLiJnrrJ%>j':(>TTQ>T+ u'u-yYww)dt <
[ Vdt = X(0) T FX(0).

P1 P
P:[ Fj (P, Ps ),
P>
(17)
u' =- (1 +€, B B) '[B' P + Bs X{,
B P, + B X3]X.
Schur , (21)  (23)
™ ®,
(7 (8
f Xo
E xox} = I, :

J =E{J} < E{x(0)"Px(0)} =
Trace(P) = J .

J’O (XTQXx + u' v dt <J’0y2w_‘(5dt,
3, Heo

2 , (D

2 (1) 3,

min Trace(P) ,
eEy,.P,Z

s.t. P >0,
AP+ PAo+Z + [
o PPB P'D
Z+EE1 B
_ , <0,
B P -y 0
L D' P 0 -
[-eEf&E-M P'D P'B
D' P -€ 0| <0,
L BT P 0 -Yy*?
€y.P.D,
u' =- (1 +€2 B B) 'Y Px

S I PR e FY IR B
S R RN b B

E =[1 0.6], E = 0.5.

Matlab LMI
0.3056 0.0737 0

P=]0.0737 0.4292 0 ;
0 0 1.481

Ac =- 0.1001,B. = [0 0.5005],
C =-0.5354y =1.4604,
€1 =€, = 1.537 2.

0.1 ,
1 2
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=
-6 .
0 10 20 30 40
t/s
1 (x1, %)
0.0
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B i3
-1.6
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0 10 20 30 40
t/s
2 u
, Matlab mi ncx
J" =1193.6,
J° =2.21509,
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