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Robust Reliable Control for Uncertain Nonlinear
Systems with Time-delay

XU Zhao-di', ZHANG Si~ing’
(1. Department of Mathem atics, Shenyang Normal University, Shenyang 110031, China; 2. School

of Inform ation Science and Engineering, Northeastern Universiyt, Shenyang 110004, China)

Abstract: The system under consideration involves state time-delay, parameter uncertainties and unknow n
nonlinear disturbances. The nonlinearities are assumed to satisfy the boundedness condition, and the
parameter uncertainties are allowed to be time-~varying unstructured. T he purpose of work is to design a
state observer and a linear memoryless dynamic output feedback controller such that, for all admissible
uncertainties as well as actuator failures occurring among a prespecified subset of actuators, the closeddoop
system is asymptotically stable. The simulation results show that the method is very effective
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x(t) = (A+ M(1)x(t) + (Aa+
AMa(t))x(t - d) +

Bu(t) + Df(x(t)) (1)
y(1) = Cx(1)
() = R0, [~ d.0]
() R t ,u(1)
R (1) R
JA,A4,B, C D ,
AA(t)  AAa(t)
J(*):R" - RY
LR .d> 0
(1), 131,
1 M(1)  Aa(1)
M(t) = ME(t)N, AAi(t) = MaBi(t)Na (2)
M, N, Ma Nua , 8(1)
Hi(t) Lebesgue

B0 &) <1, Bi()Ba(t) =1 (3)

1
2 G,
£
Iy (x(e)) Il = NGx (2) I (4)
1 [ 3] 2.1 , 1
() (4, .
) =- Ke() (9

x (1) ="Ax(t)+ Bu(t)+"L(y(t)="Cx(1)) " (0)

R ) (1)
x(t) R K
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(1
(6) e() = x(1) - x(1),
e(t) = (A - LC)e(t) + Ax(t) +
(Ad+ Mayx(t- d) + Df (x(2)) (7)
1 (1) 1 2,
€(i= 1,2,3,4),%. Y. Riccati
PA+ A'Pc+ PRP:+ Q.= 0 (8)
PA+ A'Po+ PRPo+ Q.< 0 (9)
P. P,

Ro= - Y.BB"+ ' MM" + &€ 'A.Al +
6'MiMi+ &'DD"
Q=(1l+ e)N'N+ (1+ el +

(1+ & NiNe+ (1+ &)G'G
Ro=MM"+ AAi+ MiMi+ DD"
Q.= - 2.C'C+ Y.PBB'P.
(5 (6)
(1
K= YB'P., L=YP'C (10)
Uk (H.(5) (7

x(1) = (A + M - BK)x(1) + (Ad+ Mua) x<
x(t - d) + BKe(t) + Df(x(1))

e(t) = (A = LC)e(t) + M(t)x(1) +
(Aa+ Ma)x(t— d) + Df(x(1)) (11

V(x(1).e(t)) =
x () Pex (1) + e (1) Poe(t)

_I' (0)Sx(0)do
S=(1+ e&l+ (1+ &NiNa  V(x(1),
e(t)) (11)
V(x(1),e(1)) =
2" (1) Pax (1) + 2e' (1) Poe(t) +
XSy (S S ) skt L d)
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1 (10 (14) P. P.
V(x(t),e(t)) < (15) P,
x"(t)(PA+ AP+ PRP:+ Q)x(1) + 3 (14) Y. €(i=
e (1)(PA+ A'Pot PRP.+ Qoe(t) (12) 1,2, 3,4 (1) (
(8) (9) V<O, Lyapunov ), Y.
(11) (1) €, Riccati (14 P.
(5 (6 ; €
. (14) :
(1) Q ( 1 €'x'x &'y
c (1,2, .m) ,
Q 4 P. , (15)
7 P.,
, PA+ AP+ Q. PU
e Do
(5), w P., U=[M Ad M
S Quw ) (11) D]
w (1) (5 (6):
Ew= diag(ei,e2, ,em) u 1l Stepl: Yo e(i= 1,2,3,
4),  Riccati (14) P
oo {(1): z : - L2 .m Step2: . 3 6(i=1,2,3,4),
, Step3: P. (17) ,
x(t) = (A+ M - BEK)x(t) + (Aa+ (17) P. Y, (5)
Ma)x(t - d) + BEKe(t) + Df(x (1)) (6) K L (16)

e(t) = (A - LC)e(t) + M(t)x(t) +
(Ad + AAd)x(t— d)+ Df(x(t))
(13)
2 (1) 1 2,

€i= 1,2,3,4),¥. Y, Riccati

PA+ A'Pey PRP+ Q=0 (14)
PA + A'Po+ PRP.+ 0.< 0 (15
P. P,
Ro= - YBEB"' + 6 'MM" + &6'AsAl +
& ' MiMi+ & 'DD'
Q.= - 2.c"C + Y.P.BB'P.
(5) (6
(1)
K = YB'P.,
1 )
Eo, Ev=FEa= 0,
2 (14) (15) .

L= Y.P,'C" (16)
EwE w= Ew EGEo=

4 PiEplT
(3] :

?

-2 0.1 - 0.1
A=1]1-03 -2 -0.2
1 - 0.2 0.2
N
C =
1 1 0
[ 3]

) - [3] (

Riccati (20) )

€= 1,i= 1,2,3,4, Y= 1,

( 3 ), Eo = diag[1 1 0],
Riccati (14) 3

1,2,3;4) €= 18,235,2=,0,016,

Q= {3

6i=
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2 \\ 2
ICR N S——— S ¢
] L]
—2/, —2
—4 —4 .
0 1 2 3 0 1 2 3
tis t/s
1 Q= {3},wi= O 2 Q= (3, = (3)
4 4
3 o ™ 3o
R L]
—zf —2
—4 . . —4
0 1 2 3 0 1 2 3
t/s ¢/n
3 Q= {2),0,= @ 4 Q= {2, w= {2}
6= 590,e&= 0.2599 , (14)  (17) 0.3964 0.2090 0.9629
K2= |0.5200 - 0.8692 1.5895
[ 0.3257 - 0.0109 0.098 7 0.2243 - 0.1650 0.961
Pa=|-0.0109 0.2122 0.0032 (- 1.2431 1.3002
L 0.098 7 0.0032 0.668 Li=| 2.3491 2.1139
[ 7.0897 - 1.0162 - 2.761 4 L- 6.4223 0.194
Pa= |- 1.0162 3.5775 1.505 3 [ - 2.8141 2.6195
L- 2.7614 1.5053 2.102 4 L= 4.2425  3.740 4
Y,= 6.533 6 L- 10.6729 1.191
., Q= 1{2) | 2 ), [%1(0) x2(0) x3(0)]=[24 - 4]
Eo= diag[1 0 1], a= 26.8012, e= , 1 4 .1
0.027,6= 8.673,6= 0.3353,Y.= 1, (14) 2 Q= {3 . (w= Q)
(17) 3 (w= {3}) ;3 4 Q= {2}
[ 0.3816 - 0.0741 0.2004 ] ) (o= ) 2 (w
Po= |- 00741 0.2933 - 0.1493 = {2})
L 0.2004 - 0.1493 0.8721 | ;
i 12.1872 - 1.2634 - 5.6351 5 o i
Po= |- 1.2634 5.5529 2.540 4 -
L- 5.6351 2.540 4 4.4151 |
Y, = 20.486 5
0.3301 0.3146 0.8762
Ki= [0.2272 - 0.4646 0.9488 ,
0.1118 0.0034 0.736
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