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Adaptive robust stabilization for a class of nonlinear

systems with time-delay state disturbance
WU Min, ZHANG Ling-bo, HE Yong
(School of Information Science and Enginecring, Central South University, Changsha Hunan 410083 , China)

Abstract: Adaptive robust stabilization for a class of nonlinear systems with time-delay state disturbance is discussed. The
bound of the time-delay state disturbance is unknown . And an adaptive law is proposed to estimate the bound of the disturbance,
and the estimated value is used to design a robust controller. Based on Lyapunov-Krasovskii function, it is shown that the closed-
loop system is stable in the sense of uniform ultimately boundedness. Finally, a numerical example is given to verify the correct-
ness of the conclusion.
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1 5|5 (Introduction)
FREEZERENREHEREH TR —
HEWRIFE, KBALOREZ A% FELHER
GriaEtRENRP, BN T AENEENERE
FEBMITE IR RO, SO 1] EE X —3
EEH B RE, ERERFESE I HEHENTE
B, XrEBENERBERERE. X[ 2] A&
FEAFERENIER L AL, B3R B ENRAELR
fhit, Bt TR G RE K BE 8RR 3.
EHERHNTHEREIBRGER FELE/MBIN
B0, CHAETIBRES BERG B b HE
SRR ERHRGET BN RENERZB T ZHMR.
XEk(3iTe TEAFEPMREHHHEEREN Ha
5|, T Riccati AERIFIT TEEEH SR
ERGEHRRREEAEENRE. UR[4)THE T —
RF=fZMHRENT RN H. 355, F R A
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Backstepping J7 ¥ #03E T H. £ I [EIRE AT i A0 & 4
4 O[S | B TAUHEMAFAR R T — MK
BY (0P 2 AN BT W AR GURY W B2 SCHR[6 ] BF 5
T—REMNERHERLMNEE H, 6,
ERERRSFELTHUREE T, TR Ric-
cati SF ALK FEA 5 A Bt sh A4 h #1254
ARG KEE , 3 W 1 sh 3 7 5 i) B2 i R B —
P HSHERTEEA.

BT E VA R AR SR R — 1
FERR,FUNF I RERANEERERNBER
AT EZMER. IRTIBE T RAES B RELE
YR YRR R G008 E e B R RS YRR AR 40
BE3T TAE . SCHR[ 8,9 1B T 4 T s i O I A
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A ELEN LR BERRCAN. ATEFL T
BEBP, REATEEN ERRERAN . BB
REmAsEER LR RAEE MR EEE
HESL. N IRTEERGE RIS
FHHMH LR RABEE T ZFEANERR TG, &
AT AEN SRR EER S, EAXRRERESM
BRMETHRE -BBRAEF R . B[ 121 —5 R
TERUERGRE AT EERHEE .

ASCE XL R G RA R AL Raf iR A
HNEE @ Eite AR et LR, /I T H
3 BRI | SR GIE A I R R B A THRE 3
BARAR AXEREXE(1 WA RTEIERER
G EHE .

2 3@ (Problem fomulation)
X BERE AR E IR RS

2 = f(x) + g(x)u + E(x(t - h),t), (1)
He : € R 2AE], 2(t) € R® BRRGRESHZHT
i,z € R™ BEHEA,F(x) F g(x) BEEMM
ERWCHERERI, E(x(t - h),t) RAFREMN
HRAVsh A E s IR m B oRE. IS B b K
EREMNER FHET XNELERERART
RARER b MEEA. RE(DRVHEREH TR

x=x(t), t € [tp-h, t] (2)

P x(0) Bl -k, t] FHIESRE.

WMFRA B BT A S RTE T, 384 T E R
TiCiTRE R E R B R N — 1 EZ R

v = p(x(t),t). (3)

A AT AR A B R AR T CAZ RS R 5
e o RGBS HRRE.

FESH PRI B RIS ATS | ALA BSR4

Al) BEEESMEBER £(x(t - h),t) 15
XFHRBR((t - h),1),

E(x(t - h),t) = g(x)&(x(t = h),t), (4)
HHHRAFK

I &(x(e - h),0) I < Bllalx(e-r))I.(5)
b || - | FRBULEERER, «(2(: - b)) BREA
R R EELHH a(x(t - h)) 20,y x(t - h) %0,
B RAHIEM TR, Ar—ith, e

g = 2, (6)
BR 6 R— 1 RHMEMEE.

1 BN ADRXTEALS K AR,
BEXTARBE HER BRI, 2T 1] B
&M A2.2. TR [2) P X T AT RS R LB AL

L EORE TROMEM, RRZAET IR 2)% Y
EBRGEATE R 6 B .

F 2 EVUEMEXTRAREEKHEANESBRATRE
BHRt, CA —SERXTREAREEARA s BEHE M
REERTEAGE R LR R E MR SR R LR
TSP, i THREATE KN LR RBCE 6 LK, Hit
HLEFRNARGHENRERAENBAREHN LR
PRECR AT S HERE .

3 HIENM&EHEEEH 28I’ (Design of
adaptive robust stabilization controller)

XFIERMERGE(), 51T 0 RA, EEHSH
Ritdr Ll 0 RoR0 wfhTHE , Bt BE B R 6 &R
0. RTFFEXURZ(DEUATER.

EE1 WNTHERREE ADWIERERE
(1), RAFEIEERE V(x) MIER 1 fF Hamilton-
Jacobi A 4E,

Wete) - 1 g ()g7(x) TX 4 a(2)a(x) < 0

7
AR, AT DA Hi 28 0
v - K050 ST, (8)
H
k(t) = p + %p‘la, 9)
o BT 1 HIER, AENERN
. 1 T aTvl'Z
9=_m9+8_157 g(x)g , (10)

o My RIEEBHIENKE,0(:) MWHRE O (1) HE
FRAH .
EZERIENERT ., RE()HARRER R
BRMEIHRE G = § - 0 B—BEBAERN.
iE %% Lyapunov-Krasovskii PR%{

W(x,0) = V(x) + PL‘_ha'r(r)a(t)dt + 7162,
| (1)
mR(10)THRE RS H
§=—o)0 - ov8 + 8_1,57

g'(x) a;—:’||2 (12)

R

W(x.8) = SR + g(x)u + B - 1),0)] -
pa(x(t - h))alx(t - b)) +

pat(x(1))al(x(1)) + 2778,  (13)
R (8) T EHgE « RAKQ3), R
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W(x,a) =
[5H(0) = e+ 30) SHa()g™ () 5 Y
g—LjE(x(t -

h),t)] - pa"(x(t - h))a(x(t -

paT(x(t))a(x(t)) +277169 =

(950) - g ()g" () 5 4

T Na()-F & Pelarg) 5
(l—p)aT(x(t))a(x(t))+a“xg(x)€(x(t—h),t)—

pa"(x(t - h))a(x(t - b)) +27"'W <
-(1-p)a"(x(t))a(x(2))] -

411 2 g:g( )g'(x )a V+gvg(x)€(x(t h),t)-

A a(x(t - h)) + 2‘)"1905
1 9 av T

-(1~ p)aT(x(t))a(x(t))]———a g(x)g

/e

paT(x(t -

v
(%) 5t

g (x) a—” J; | a(x(t - R)) | -

pa™(x(t = h))a(x(t = h)) + 27180,
BT
W(z,0) <-(1-p)a"(x(t))a(x(t)) -

16y 1,V -173
4 o axg(x)g (x) Ix + 277766,

(14)
B3R (12) AR ECER[ 11 ] e 3.1 kAR
W(x,0) <
- (1-p)a"(x(2))a(x(2)) -
i g g:g( )
2}"10(- ard - o7 + §1—P}’ g (x) aaT—xV 2) =
—(1-p)a"(x(£))a(x(2)) - 2607 - 2400 <
-(1- p)aT(x(t))a(x(t)) - a9 + o (15)
By, AR RERRERENRE («,0) —BREE
7 BABETHRE
[(%,8) 1 (1 - p)a™(x(2))alx(1)) + o6 < d0*}.
. (16)
3 RS ELRS o ERAD, S EELT
BERSH  2,0) B EFAEE/D, BiHE W LLEE Y BB
RIf(10) o MEAIK/NIEYT R EHRBR R,
E4 hEHEI1TANRBHAFHERGERES

aTv
g'(x) 5+

h)) +

8, 3 BT s R St 06, Bl , E R PR

TEMBERTHE n BHE.

4 %0 (Mustration)
ZRUTERNEEMRL(), Kb

1~ X1%2 sinx;  cosx;
A=) = [ Xy + x° ] g(x) = [— cosx] sinxl] ’
FHABEES ADTE .« (x) B
a(x) = [2; x]N. (17)
RBEHEN b = 2, H
Vix) = x% + x%, (18)
Wy = 18
Vi(2) - n g6 L 4 T(a)ala) =
(2%, 2x,] xlxz] [2x, 2x2][ o Cosxl]
Xy + %2 —cosx; sinx;

sinx;  cosx;] [22; xq
[— cosx| smxl] [sz] L xz][ x2] -
-2l -3 <0 (19)
WER%ER(7), % p=0.5,0=0.1,7 = 1, W
e | RitEHEy

=-(1+0.59)g"(x) %l{ =

2xys8inx,;

- 2x,c08x,
1+ 0,59)[2’6100%1 + 2x2sinx1] (20)
HiE RN
d=-0.10 + 10] g"(x) Y| -
+ g (x) dx (21)

—0.18 + 10(4x? + 443).

EHREYS, HEMHERERN
x = [2cost cost], t € [ty - h, tp)], (22)

9(50) = 2. (23)
EERERERRE () N
- -h
e(x(t—h),t)=[J| x1(t = h)xy(t )I]’
V1 x(t = h)x(t = k)|
(24)

R &M AL).

RS E NS EMIEMAT , 12 F Matlab K #+
i Simulink T E A ST HHE, FREBRESRNE
1~4f7~.

BB 1~4 7] &, EFTRT R RIS ER T
REGHRSE-BERLEFEXTERE, MAR
A REFHTERE.
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Fig. 4 Control input u,

5 #4518 (Conclusion)

AIOGTE T — KM AR E Rt E R a s
HERE . ERENER S - R BBk M, B
W —E MR AGERBR T, B RE—
1 Hamilton-Jacobi A%+ T —2K AE B E
#l#% . 2= F Lyapunov-Krasovskii BR%{,iEBl T 241
REFSEHRE —ABRAF R, & T—EH
FREN, I HRBRERM K/ LUES AT R 2
HSPEEEAY .
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