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Delay-dependent robust stabilization of uncertain linear
time-varying delay systems containing saturating actuators
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Abstract: The delay-dependent robust stabilization of the systems with saturating actuator is discussed. Based on an integral
inequality, some new delay-dependent criteria are obtained by using Lyapunov-Krasovskii functional method incorporating with
S- procedure, which can guarantee the asymptotical stability of the closed-loop systems via memoryless state feedback . There is no
any model transformation required. Finally , a numerical example is given to illustrate that the new results are of less conservative-
ness than the present ones in literature .
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1 5|5 (Introduction)

I R G B B R SRR e e A SRR T
ESIRREEH M ZRE! - EJUE, X T 518
FISK Bl i 2% P B i 2R 590 1) B A S B R AR fh [l R
THEEE , InSCHR(5 ~ 815 . KRB R B4
FRATTE, H— R b B mIE L, XRS5,
6 AR A I mAORIR , TR 7] 15 b 25
BRI E RIS IR AL R 5 — R ik
S HREHTHEMERERDP 44 Lyapunov-
Krasovskii 777, 3K1% T 2 F LMI {8 Hif A 56 & 14
RMX &A% T RE A HRKEE EAIRE
HBRRSFIE.

2 ORI A SCHR [ 7 I X HAR AR R A B O o, 18
BhSCHR [10] 8 52 i B4 A % 2, Fl A Lyapunov-
Krasovskii Z iR 77 2, 345 T RS0 HT LMI 9B AE
RKEEMFM, A3t REFITHRIAT B | [t 45

W H 53:2004 - 03 - 25; W R4 H 3:2005 - 04 - 25.

T RIS IERIAR R s BRI, R A SO
BETRAS M A A X R B C A S A B/MIR
LIEAMTIES: AT RREWK A HEER
#,P > 0RAR P AXNFRIEER, R, R SRR R
SHEEW n EmMBEEE S50 x n BEEE, I ER
BA @SRRI, diag{A, B, ,Cl BR
Yot f
2 @R (Problem statement)
BN T SIS AT E LR R R G
(1) = A()x(e) + Aj()x(t - b (1)) +
B (t)sat(u(t))+B(t)sat{ult-h,(2))),
x(t) = $(¢t), t € [ - max{h,,h,},0].
(1
KP: (1) € RWARGRE, u(r) € R™ IEHH
AL9(8) HUIGRRE A RGAERE A(e),

BEWE BEHEFEMLRAIT MR A (HA2002]55); ERAL T EES BRI H (60425310) .
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A(t),By(t),By(t) EFWMTEA:
(A(t),A(2),B,(t),By(1)) =
(A,A,,B,,B;) + DF(E,,E,,E3,E,).

A,A\,B),By,D,E|,E,E5, Es HEAE HAELW

HRECHRE AN ERE F R

F'F < I. (2)

B by (2) , ho(t) TR

0< hi(2) < hy, 0 hy(t) < ho,

hy >0, hy >0, hi(t) < d < 1. (3)
000 BB B sat( + ) E XK
sat(u(t)) =
[sat(ul(t)) sat(uz(t)) sat(um(l))]T,
u, () sy <0,
sat(u;(¢)) = wi(t), w < uw(t) < u,
u;, 0 < < ult).
FIARE iR :
u(t) = 2Kx(t), (4)
MAK(DWAFTREH
2(t) =

(A(D)+B (DK x () +A (D) x(t-h () +
By(t)Kx(t—hy(t))+B () (1) +By(t) pa(t).
(5)
He
m(t) = sat(2Kx(t)) - Kx(1),
(1) = sat(2Kx(1-hy(1)) - Kx(1-hy(1)))
W
m()p(t) < 2"()K"Kx (1),
72t = ha(£)) (2 = hy(2)) < (6)
27t - ha(e))K"Kx(t - hy(2)).
AGHE K EE EE . RPN R/
B FEARREGC))MFAHERQ)NAEF
AN E YRR R R O BT R S A4, [l 44
RIS A, BB AT 3
51 119 % () WR® LEEES T
B mERE WX v M, M, € R R > 0,
Vh =0, HRERER

- JI £T(s)Rx(s)ds <
h

-MT+ M
1 25(t)+

[M,T+M,
* -M; - M,

eT(1)

T MT 1
hf(l)[MT]R_ [M1 Mz]&(l)- (7
2

Hep eT(e) = [2T(2) «T(: - h)].
SIE8 2'(S5d8) | To, Ty, T FIXHRERE,
W ™78 > 0% Y& 20s.t.6"T,6 20,876 =0

ﬁﬁﬁﬁﬂﬁﬁﬁﬁ Ty = Ty = 0,@1% To - T1T1 -
2T, > 0 0L

THEHHSIEATHERZ (DS,

3138 302 AEHRE Q = QF, UAKE SHHN
HEEH,E,

Q + HFE + E'"F'H" < 0,
IMEBEWHR FTF < I W F SR BERG R
e > 0,18 Q+ e 'HH" + eE"E < 0.
3 FEL R (Main results)

X—, R AXMEELE R . EAFZERS
(DEAFER WAL, AR F = 0.8 X
Ax = A + B,K, By = BK, WA RS (5)MIPRFR &
5]

#(t) =Agx () + A x(t—h (£))+Bxx(t-hy(1)) +
By (t) + Bypp(t). (8)
XFRAES), AT 1 BB T EH:

EE1 B A, CRIREEP >
0,R;,R, >0,Q0 >0,7, >0,7, > 0, B EL 4R
MR Y, (BT LMI 0L :

o = [@*“ gZ] < 0. (9)

Hrp

Sh 22 25 uB b

x 3y O 0 0
Oy=|* * 23 0 0 |,

* * * -l 0

* * * * - {-2]
=

AP +PA" + B Y+ Y"BT-A 7 (A0 +QAT) -
Aapz' (ByY + Y'BY) - Aui*(1 - d)Q,
Sp=pi'AQ + P+ Aipi'Q + Api*(1 - d)Q,
Sp =-2p7'Q - 4i%(1 - d)Q, S5 =-2u35'P,
S5 = p3'BY + P+ 3P,

O, =

[ hiw;  hywy O 0 YT —Au3!YT P
hiwy, hyw, bRy, 0 O 0 0
hiwy  hyws 0 hR 0 43'YT 0],
h BT h,zBT 0 0 0 0 0

Lh\7,BY hy,BY 0O 0 0O 0 0

@y = diag( - h,R,, - hyR,, - b R|, - hyR;,
-5, -0, - Q),

w; = Y'B] + PAT - 2,7 QAT - Aou5' YT B,

wy = pui'QAT, w3 = p3'Y'B],

MAF RE(8)WiEfE, H K = P! (F: R+
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“x TRANFRERE RN TR, THE) .
iE  BX Lyapunov-Krasovskii {Z p§

V(1) = 27(e) Px(2) +j:_h 15 Qx(s)ds +

i t

gjr(i"jjr:nxT(S)fo(s)dsdr.
HA P,Q,R > 0. 1 V(o) IRE(B) HISHH
V(t) =

2x(t)Px(t)+Ele(t)Rlx(t)'f'}_lsz(t)sz(t)-i-
xT(e) Qx(e) -
(1= A ()2t = b (£))Qx(t - B (2)).

jt jsT(s)ij(s)ds -
j=1v1t-h,

(10)
HRAG)E

_j,t_,;ij(S)ij(S)ds s—r RO ZIOLE

I L ¥ M My, € R0 = 1,2)F
_Jq #T(s)R;%(s)ds <
t-—hl.(t)

MY + M; MY+ M,
&"T(t)[ 1* 1 M i2

_ ML _u ]E(t) +

- MY
O[T Rt maleco.
Mi2

RAK(10), 35 AME

&(t) =

[£7(e) 2"(e-hi(e)) 2"t -hy(£)) 71 (e) 75 ()T,
#EX(10),7183)

V(e) < £"(0)Ee(e).
Hrp
Yu ¢ ¢ PB PB,
* op 0 0 0
Be=l x x 05 0 0 |+
* * * 0 0
* * * * 0
eu+tK'K  op P13 PB,
* Pn 0 0
* *  ou+r,KTK © 0
* * * -0l
v, = * * * *
* * * *
* * * *
* * * *
L * * * *

2
T > RRIT, + TYR;'T, + I'SR;' T,
j=1

I'n=[Ax A Bx B, B],
r,=[m, My 0 0 0],
rs=[M, 0 My 0 0],

2
ou = PAx + ARP + Q + 25 (M, + My),

2= PA-M{i+ My, ¢on=-(1-d)Q-M} - My,
13 = PBy - My + My, @33 = — M3 — My.
EEIXN(6)FMT
{ €"(¢t)diag( K'K,0,0, - 1,0)&(¢) = 0,
£"(t)diag(0,0,K"K,0, - &(t) = 0.
BT 2, 7(1)E8(r) < 0% v & 2 0,5.t.58 (11)
B EHAY 37, 20,7, =0, f#5
- 2 - r,diag(K"K,0,0, - 1,0) -
7,diag(0,0,K"K,0, - 1) > 0
ML, F & Schur # IR AR %R (12) B
S, V(t) < 0. M1 Lyapunov-Krasovskii £ & 1 &
U IR R S (8) WHEAASE .
AN EEFEAER(12) P K, &

(11)

P 0 0 A A, By
W=|My My O |, A=|T7T -1 0|
M, 0 M, I 0 -1

WMy = 2P, My = p1,Q,Mp = 2,P My = )P,
ﬂ‘? 21,p2 = 0,00 Wi 4

= diag( W', c7' 1,3 1,1,1,R;',R;Y),
XTJQ(IZ)EETQ T"HE T,RECP = PR, =
Ri'Ry = R;',Q = Q7,7 = z{',28, = ;. N
LMI(9)BSE, T TT9T < 0, FR Y < 0, N3

R4(8) #iinkaE, B K = YP-'. JEEE

PB, hAyx  h Ay ML RoML T

0 hiAT h,AT hy M}, 0

0 h,B% h,B% 0 hoM%,

0 h,BT h,B] 0 0
-7,0  h\BJ I 0 0 < 0.

*  —hRj! 0 0 0

* * —hyR5! 0 0

* * * -h\R, 0

* * * * - hyR, ]

(12)
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THAHEBAR T RE(D)HMARRSG(S) #Ef
XS ERE RN

EE2 BE AL p € MBHFEP >
0,R\,R, > 0,0 > 0, HAEHAERMER vV, AR
ER 7,7,,e > OFHLUTF LMI BT -

& eH ET
*  — €l 0 [<0O.
1

* * —- €

He
H =

(D" 0 0 0 0 A, D" R,D" 0 0 0 O O],
E =
(8, 62 8 . Es #E, 0 0 0 0 0 0 0],
81 = E\P + E3Y - Lipui'E>Q - A5 EL Y,
8 = ui'ExQ, 8 = p3'ELY,
& HIE = (9).
WA R (5)GEWHEREE, H K = YP.

i FIAEHE | RT3 3 MRS, TE RS .
4 ¥{EB1F (Numerical example)

Bl 1 ZEIT RS AR RSN
2(t) = Ax(t) + Ayx(t = hy(2)) + Bysat(u(t)).

(13)
Hep
0.5 -1
O0< hi(t) < h, A = ]
0.5 -0.5
0.6 0.4 1
a= | [oz=]].
0 -0.5 1

sat(u;(£)) = sgn(u;(¢))min(5, u](l’)|)

SCER( 6113 B R4 (13) AT 2 € b i B K B iy 37
BRA<035 FIAARCERLBA =-0.9,4 =
0.1 78FIRGE (13) AR MR KHHAR » <
0.61,3FHX h = 0.61 BTAHR MIEHIZER u (1) =
[- 165.8843 —42.1262]x(¢), AT WAL LA
AR TFE.

5 452 (Conclusion)

AR TRAAENX, e T HiEfoksh 4k
PERTA R G B B A D B B R B AL 11 A, 3R 15 T 2
F LM WIETH A A, R BT 45 0 T g iz 2%
BRIt e SEBIRA, R RAS SO B RS 4 e
B SO A /MR T
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