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Abstract The problem of robust output feedback stabilization of nonlinear systems with
partially known uncertainties is considered. A class of continuous adaptive robust output
feedback controllers is proposed, which can guarantee uniform ultimate boundedness of the
resulting closed-loop systems in the presence of the uncertainties. In contrast with some
results presented in the control literature, the adaptive law for updating the estimate values
of the unknown parameters is continuous, and the existence of the solutions to the resulting
closed-loop systems in the usual sense can be guaranteed. Moreover, due to the continuity
of the output feedback controller and adaptive law, the proposed adaptive robust output
feedback controller is easily implemented in practical robust control problems, and no chat-
tering will appear in implementation for control. Finally, an illustrative example is given to

demonstrate the utilization of the results.

1) EFERMEES (60374004) . MEAARNFELS (0412000200) 075 4 B4 A BB A4 RIE TR B
(2001 KYCXO008) ¥ Bh

Supported by National Natural Science Foundation of China (60374004), Henan Science Fund for Distin-
guished Young Scholars (0412000200) and Henan Innovation Project for University Prominet Research Talents

(2001 K'Y CX008)

W R B 3 2003-08-27  WE MR B # 2004-03-19
Received August 27, 2003; in revised form March 19, 2003




6 % XFKSF: ~RAERERFH HEM BB X E 1005

Key words Nonlinear systems, uniform ultimate bounded, adaptive control, robust sta-

bilization, output feedback

1 55

VLR, BRI RBEEWIFRIREG T —2C2R, Bl TS k5 S8R A
AL MG, FrURPRES R RE M, SERREE RGN RELE
Z. '_;Hlﬂl%lﬁ’]?é*"‘ﬁ‘tﬂbdm%ﬁmﬁﬁ LR R KRB ERETAREEN R ST BRI,
RIT, SERRASHARETN AN G ERES2ARE. Wi, UAEERA M AREFERR
TR H B EEME LU BRI E R ER, FRTEIE R R B MR, (BafRed T
KWL R RS T RESEAEE, s [1~10). 3 HET M IE, #HXRHEATHEEF
FHEB T EHHER, BEBRRE R ERE T RAAVRESE B 2T 2% IKBFN
FTEAE, W [1l~14]; TREE BEAETZ 2K, B HeEEB Rapyim 5 BRI R
RS ) B A 25 R AR .

Aitie T —REKMSHAHEREWER G M E R REENE. ZHEAS
IR ETEEBEYWILERME, RANATED AHCSE) WA EFER, HER
Mgy, HEMN AR VM ER. PRI 8 NI H 2588 U8 Of B 00 R/ i A 3 R 4
K —3 a7

2 REHAES AN
ZRMTIEEMERS

T = f(x,t) + G=, t)(u +&(x, 1), y=h(z,?) (1)

LR x(e) € R",u € R™,y € R™ S HFRRFEHORE, EHMAFM RN o)
R*xR— R";G(¢): R" xR— R"™;h(e): R" x R — R" ZEHH; £(e) "R | REHY
AHEM, E—1TERER. XFRS%E (1), o FERRIX.

B 1 WEEW e R Mt>0 GAECHER p(e) : R” x R —> R” AIRAF(HM
H 0 cR,#E

| &(z,t) [I< p(y, 1)0 (2)

e p(e) = [p,(e),p,(0), -+, p, ()] .8 =1[0,,6,,---. 6], MEEH |y [[>0,p(y,t) >
0(i = 1,2, )%ﬁﬁ@ﬁ & FATE] ¢+ —3 ﬁ,%?%ﬁy%%~ﬁﬁﬁ.

Rk 2. BHIERE f(),G(e), h(e) K p(e) MIAH KX £(o) —FEH L Caratheodory
FA%, BPAT (t,x) € D, D HHFX, WAL
D) Xt JLFERER ¢ B4 T o B
2) A EE—4 x, Efi1RT t & Lebesgue A] M,
3) £ 7E Lebesgue A[ T m, (1)(i = 1,2,3,4,5) fE15

| £z, t) I<m, (8), ]| G(=. 1) [[< m, (t). || h(x) |< my (1), ] £, 8) [[< my (8), 1] p(y, 1) 1< my (2).
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Fit, BRmEREA v BHEBOTE — T4 v FIEHE ¢ B9 Caratheodory pR ¥, NIFLREIA
R (1) &— Caratheodory 7 #E. #1M, HIVREILERPELTE—IPTE (5 y)
B30 Lipshitz £ ZEHY.

Rig 3. FECH C B¥ V,(e): R" xR — R" MHRIR u, = ¥(y,t) FZIESEM,
*xF (z,t) e R* x R WAL

o,(lz]) <V(z,t) <c (|| z ) (3)
oV (x,t) 3V, (a: t)
5 T gy (@) + G, )Yy, )] < —c (| ) (4)

HATRREE c, (o)t =1,2) B H. KRKE, c, (o) & H BEREL
R 4. FE mxm PrAEar AR E D(y, t) [#15

2D 6,0 = DOy ®

H V, (z,¢) ki 3 #iE.
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u(t) = u, (t) + u, () (6)

Hr
u, = P(y,t) (7)
S (y,4)8(t))’ D(y,t)y (8)

| D(y, )y || p™ (y,0)8(t) + ¢
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0(t) = ~6I6(t) + 5 || D(w, )y || Tp(y. 1) (9)
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I 1. ZEMF RS (10) AIRERS (12) i ERE 1~4, AKX RS (10) AHRER
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V(e,0) =V, (x,t)+0 () "8(t) (13)
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49 (12) Bz 275X
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FAFR (2) FUAK (15) FIf%

dVEia;,e) < ¢, (| 2 |)) + (D(y, t)y) u, )+ | Dy, )y [l §(=, 1) || -
260" (1)0(t)+ || D(y, )y || p™ (y,1)8(t) +25 [ 0 ||| 0" l|< —cy (| = )+
(D(y. tyy)" u, (|| D(y, dy || p7(y,1)0(t) — 266" ()& +25 1@ |16 ||  (16)
=\ (8) Al A%

(D(y,t)y)" (D(y, t)y)(p™ (y,1)0(t))’
| D(y, tyy || p7 (y,t)0(t) + ¢
| Dy, )y || o™ (y, t)8(t)e 17)
| D(y,t)y || p™(y,1)0(t) +¢

+

(D(y, t)y) u, )+ || Dy, )y || ply, 1)0(t) =

| Diy, )y || p™(y,1)8(t) =

BEIT, A (17) MR S35

0 < a <b,Va=20,b6>0 (18)
a-+ b

# (17) F[ELH A
(D(y,t)y)" u, (t)+ || D(y, t)y || p" (y,1)0(t) < € (19)

Fy— 7 H A

280" (H)8(t) +25 [ B | 0" = ~5 11 6(1) |* —(& 11 8(t) |I* —
20180t (116 1)< —~5116¢) IF +6 6 |° (20}
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gnike, = (19) # (20) FEAZK (16) 7
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dV (z, 6)
df

<—le;(lz ) +o18@) '] +e+d(18 [F'=-& () +& (21)
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z:=[27,0]", (|2 ) =c(lzl)+o10@) (", E=e+06] 6 |’ (22)

H e (o) & M HR¥. #m, M= (21) &, Lyapunov ¥ V(x,0) ¥k & H R (10) A
(12) RSB IAR LD EZWS T THIEE

2¢{(, )|, (| x(t) ) + 8 || 6(t) " < €) (23)
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i(t) = Az(t) + Bu(t) + £(2(t), 1)), y = Ca (24)
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i 5. BEEXT (A, B,C) BRERRMAERRY, ZREBIEM G(s) = C(sI — A)"' B 25
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u(t) =p (y(t),t) +p,(y(t),1) (26)

A H
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p. (y(8). 1) = (p™ (y;1)0(t))" Ky (28)

| Ky || o~ (y;£)8(t) + ¢
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XE 6 RATEMIER, I'e R BRI ETHER, 0t,)=>0, ZHWY, 6, f16,
Al EVEEY 12 IE S 1.
R4 | 28 (26) AR (25) RN R4 (24) WEMTIAFRES

#(t) = [A— 58BB" Pla(t) + Blp, (u(t),t) + §(x(t),1) (30
57, RATEEIEHERR (20) S N FIRE 24
0(t) = —3T0(H)+ || Ky || I'ply,t) — 6T (31)
o o
0(t) =0(t) — 6 (32)
ik, RS (30) MHRE R (31) MK IR RS H I F L5,

HEE 1. FISHIF ARG (30) MRERS (31) Wiz 1,2 M1 5, NI (30) M (31) &Y
ﬁ (m,ﬂ)(t; tuﬁm(to)ﬁg(tn)) %%&_“ﬁ ﬁ%

4 JiEHEB
BT AR EFRE RS

T = f(a:?t)+g(:1:,t)(u+£(a:,t)),y = &, (33)

~r, —e trx, U
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WZ 5 UE R (33) B RIX 1~4. BIER (6)~(9) FlETHM TR HiE W B R IRE
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" — (p(y,)0(t))’ D(y, )y 5. oo 1
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Fig. 1 The state response of system (33) Fig. 2 The response of the adaptive parameter 9(t)
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