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Design of H- Controller with Property of &= Guaranteed Cost
for Uncertain Time-delay Systems

GUAN Xin-pingl, LUO Xiao-yuanl, LIU Yi-changl, DUAN Guang-ren2
(1.Institute of Electrical Engineering, Yanshan University, Qinhuangdao 066004, China;
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Abstract: Sufficient conditions are presented which satisfy the given definition of property of &Y guar-
anteed cost for a dlass of uncertain time-delay systems via state space Lyapunov § function and by trans—
forming system state and filtering perturbations. The design method of H « controller is developed by
using the optimization method with constrained conditions.

Key words: uncertain time-delay system; property of ® guaranteed cost; exponent stability; H o con—

trol
1 5l 5 .[6,7] H e
H o . , [ 8]
[1 8]
o H o ,
( LMI ,
) ( ) Heo
[1.2] ,
) [ 3’ 4] 5 [ 5] o=y
: 2001-01-05; : 20010327
(69925308)

(1963—), ( ) ) ) , H o ATM
; (1976—), , ,



678 # 1 5 VS * 2001 £
oY LA() = A + MM (1), Aa(t) = Aa+ AAai(t),
oY Riccati B(t) = B+ AB(1),C(t)= C+ AC(1),
LMI : ,
e E(J1) = éj?(t)(m K'RK)e)dt (6)
2 RGIRFIE X 2 : E()) =
E(J1), (D) w(t) = Kx(t),

x(t) = (A + AA(1))x(t) +

Z(Adi+ Moai(t))x(t— T(1)) +

(B+ AB(t))u(t) + Buw(t)
z(t) = (C+ AC(1))x(1)
x(t) = (I(t), T= miax{'l?(t)}

t  [to— Tio]

AN

(1
,x (1) R" ;u(i) R"
;w (1) R' ;z2(t) R ;
A Au,B.C Ry Rt - T ]
s T(t)

0=7(t) =h,0=T(1) =di< 1; AA(t)
AAui(t), AB(t), AC(t)

[AA(8), Ma(t), AB(t) ] = HoFo(t)[ Eae Ea, Ev]

AC(t) = HFi(t) Ee (2)
JFI(0) Fi(t) <I(i= 0,1);Ho,H1,E.,Eai, Es,

E(J ' (t)Qx + u ()Ru(r))de (3)

w(t) = e "wi(t) (4)

w(t), e
u(t) = Kx(1)
G(t)’ = (A(t) + B(t) K + ol)€(e) +

VZe“Ti“)Adi(t)e(t— T(t)) + Bwi(t)

z(t) = C(t)e “gt)
= e "Pr) = 1),

[to— T;t0]
(3)

J) = li’x (1)(Q+ K'RK)x(t)dt <
éj?(;)(m K'RK)et)di= E(J) (7)
1 Y

o= , o=y
, x>0 ¥Y> 0, (5)
1) (5 , u(1)
(1 X ;
2) Vw(t) L0, o0), H Y,
Hz(t) Heo = Ylw (1) He;
3) E(J1)
3 w(t)
) 2) Hz() Ho=Yx<
Hwi(:) e
3 FE4S
o=y :
1 (n oy
Pi( Pi= (1-

Riccati

dyPii= 1,2, ,r) O,
(A+ of)’/P+ P(A+ o) - PBR'B'P +

ZeM'PA WP ALP + ZP,- + Y ’PBBIP +

c'C+ 0= 0 (8)
P, He K
=- R'B'P
JIERA (5 wi()=0)
Lyapunov

V(1)) =€ () Per) +

Zl €0 Pgbd (9)

P,Pi> 0 Vigt))
V(et)) <E (1)MEM &1) (10)



% 16 £ # T

RETFE: TR AR SR oY 1R 1R

£ MR H - 15 6] 28 1%t 679

E(1) = [x(1) ,x(t- T(t))T,
I &pAapt!

x(t- w(1)'1
e PAwPT

0

0 . A

0 - P,

A+ BK+ of)' P+ P(A+ BK +

of) + Zez
i< 0, V(gt)) <O, (5)
, (1) o

Y“PA P 'AuP + ZPL-

2 2

5] He Y,
Mz(t) Hoo < YMwi(1) Neo
H e

Lagrange
, Lagrange

(0+ K'RK) +

A{8 + Y PBBIP + C'C} (11)

N|>— to|»~

: K=

E(])
zr
x' (to) Px(to) + Z'Hle(e)Pix(e)de (12)

- R 'B'P,

E(J1) <€ (to)Peto) + 0) P 6) dO

C )
4 [8] o
H e , ,
LMI, ; 1
) Riccati
, 1  Riccati Schur
LMI ( 2),
H e , [8]
oy
2 (1) A(X—Y
, XS P Pi=

(1= di)Py) €(i= 1,2, ,r) €
LMIs
QX,P) WX) X& &
w(X) -1 0 0
<0 (13
BIX 0o -Ji 0
Ha 0 0 -J
,Hew K=- (R+ EiE) '
(B'X '+ EyE.)
®X,P) =

XA+ o'+ (A+ o)X + Y’ BBl -
B(R+ EiE)) '(B'+ EiE.X) -
(B+ XEWEw)(R+ EiEy)”'B" +

Zezmi/l G PiA 4 + (1+ ZGM’G)H 0H b
W(X) =
E.X - E(R+ EiE)”

T

(B"+ ELE.X)

Bi= [C,E LI, I
B = [eOEIAMPlEL, ,e¥A wP Ei]"
Ji= diag{(I - el \H1),e, P, P}

J2= diag{(&l - EaP\En),
(6l - Eu«P.Ei))
R P '= X, Schur s
. [3] 1 LMI(13)
(A(t) + ol + B()K)' P+ P(A(1) +

of + B(1)K) + zPe“ﬂAdi(z)PiAEi(t)P +

iﬁ;w Y PBiBIP + C'(1)C(1) < 0 (14
1 ; C )

1
(), u(r) =0, o=y ,
X,P; €(i= 1,2,
ry € LMI
H®X,P:) XE &
X - Ji 0 |<0 (15)
B2 0o -
H )2 2
DX, Pi) =
XA+ o))"+ (A+ o)X + Y’ BB +

ZerAd;PiA i+ (1+ ZCM‘G)HOHE
B C EGE T Y]



680 # 1 5 VS * 2001 £
Ji= diag{(I - el \H1),1,el,P:, P 1 1
> 2 K =0, A o 0.5\
4 FE® AL E ] B —osl .
0 10 20 30 Q 10 20 30
t t
(D, ® (b)
-2 2 0.8
A={-1 -2 1 1 x1(1)
0 0 _ (a) (b)
(0.3 1 0 L5 15
Aa=|1 -05 0 ~
0.4 0 -1 3 o8 g os
e \/\/V\/v«\]\w § \ A~
0.3 0 0 I 0.5} —_oslv
Aan = 0O -051, B=10 5 0 20 30 o = P 3
Lo 05 & :
a (b)
0.2
Bi=1]05|, C=1]1 1 1] 2 x2(1)
0.3 (a) (b)
0.5 0.5
Ho= [3=3, Hi1= [0.4,0.3,0.5] N /\./\'J‘\/\J EM_J
0.3 0.4 0 S _os S o5
L L)
E«= | 0 0.5 0
0 0 e e T R R
(0.7 0 0 f t
() by
Ea = 1 - 0.5 2
L0.3 0o -1 3 x3(1)
0.3 1 0 0.75 (a) (b)
Ex = 1 0.6 1/, Ey=|0.5 s
Lo 0.2 1 0.6 .
0.3 1 0
Ec=| 1 -05 0 N ‘
1 0 _ 1 5 él:l 5
Fi= 0.4515, 2= 0.3224, 1= 0. 8426, oY
d2= 0.750 6 R=0.2,0= C'C, "
@= 0.5 e1= 2.5€2= 1, x= 1,
w Y=o0. ' '
H 0.8 ,LMI(13) , Y
H ’
K=1[- 05031 - 0.2223 - 0.5913] Riceati LMl
1 3 x=[1, , Ho
.25, - 1.2] (a) y
, (b)

(T %% 684 1)



684 & il 5

VS * 2001 £

5 4 T
P

[1] Lin Faa leng. Real-time IP position controller design
with torque feedforward control for PM synchronous

motor [J]. IEEE Trans on Ind Electron, 1997, 44( 3):
398-407.

for PM synchronous servo motor drives[J]. IEE Proc
Control Theory Appl, 1998, 145(1): 63-72.

[3] Hong Kichul, Nam Kwanghee. A load torque compen—
sation schem e under the speed measurement delay[J] -
IEEE T rans on Ind Electron, 1998,45(2): 283-290.

[4] )

[J]. , 1999, 19(10) : 27-31.
[3] ; , PM SM
[J]. , 1997, 12(5) :
1-4.

[6] M T Wishart, Ronald G Harley. Identification and con—
trol of induction machines using artificial neural net-
works[ J]. IEEE Trans on Ind Appl, 1995,31(3):612—-
619.

[7] Huang Chich Yi, Chen Tien Chi, Huang Ching—Lien-
Robust control of induction motor with a neuralmet—
work load torque estimator and a neural-network iden—
tification[ J]. IEEE Trans on Ind Electron, 1999, 46
(5):990-998.

[8] , , . [M].

, 1993.

[9] LiHongru, Wang Xiaozhe, Gu Shusheng. An improved
recursive prediction error algorithm for training recur—
rent neural networks[ A]. Proc of the 3rd WCICA[ C].
Hefei, 2000. 1043-1046.

[2] Lin F J, ChiuS L. Adaptive fuzzy sliding-mode control
(8% 680 M)
[5] Yu L, ChuJ. AnLMI approach to guaranteed cost con—
[ 1] Petersen I R, Hollot C V. A Riccati equation approach trol of linear uncertain time-delay systems[J]. Auto—
to the stabilization of uncertain linear systems[ JI. Au- matica, 1999,35(6): 1155-1159.
tomatica, 1986,22( 4) : 397-411. [6] ) ) . H o

[2] Cao Y Y, Sun Y S. Robust stabilization of uncertain
multistatedelay systems[A]. Proc of the 35th Conf
on Decision and Control[ C]. Japan, 1996.4631-4636.

Niculescu S I, De Souza C E, Dugard L et al. Robust

exponential stability of uncertain systems with time—

[3

—_—

varying delays[ JI. IEEE Trans on Automat Contr,
1998, 43(5):743-748.
[4] . []1].
, 1998, 15(6): 969-971.

[]1]. ,1999,25(3):429-
431.
[7] Chen W Y. On the H « control for linear time-delay
systems[ J]. J of Syst Eng and Electr, 1998, 9(3): 23~
28.
[8] Niculescu S I. H o memory control with ®stability con—
straint for time—delay systems: An LM approach[]J].
IEEE Trans on Automat Contr, 1998, 43(5): 739-743.



