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Adaptive observer design for a class of nonlinear uncertain
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Abstract: By employing fuzzy logic system with the properties of fully utilizing linguistic information from experts and ap-
proximating any continitous function with arbitrariness, the adaptive laws and state observers were synthesized for a class of non-
linear systems with uncertainties, the bounded functions of which were unknown. The architecture of laws and observers de-
pended directly on the information from the construction of the systems controlled and the fuzzy logic system. Under some sim-
ple conditions, the laws and state observers made the state error of systems controlled and parameter estimate errors uniformly
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ultimately bounded (UUB). Finally, the simulation shows the validity of the method.
Key words: state observer; fuzzy logic system; adaptive law; UUB
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2 FGHiR (System description)

FRINTAREHEFERERS

% = Ax + BAg(x,u,t), y = Cx, (1)

Hep REER x € U R, URR WA RALE;
WAuCR Yy CcRA,B, CREERABE
Ml Ag(x,u,t) RERGEWATEHE.

BE1 FEX(A,C) BATIMA.

B2 FAHEEHE TG

lAg(x,u,t) | < &(x) + p(u,t), x € U,
Hep, e(x) TLLRRAMAERELEREG o(u,t) B
EARIERELEREG | - | FREKKER.

B, EBE 1O, WAFEE—ERE L EXT
B A EMIEENFRER Q, T3 Lyapunov T4
e —IEE AR P

(A-LC)"P + P(A-IC) =- Q. (2)

BE3 HAEEEKEDMEPB = C'D.

1 1) ETARER Ag(x,u,t) B ERPRMR
B HFEM Ag(x, u, 1) PERIIMSHHAEHE,
BRI ERNEE BN A TI; 2) BE 3+
B PB = C"D RZsuEEHESPiTies AR 8% 1
HE&EFRN—&E, E5 RGN ELHMTREEE M
%[12-15]_

X FRGE() R ATEE, EEF B8
PRAGKRENELIES B EFERTEWNTAX
ENZEAGEHNEER.

ARG B AL R BUHEE (O AR A
AR .

R/:IF x; is A/ and --- and x, is A,

THEN y is B/, j=1,2,---,N, 3)
HEERZERSE. KL A
20 HA (x;)
F(x) = (4)
E[HA’(x)]

Hep, Al(x) RXRL ?ﬁm% AL HRBR R0 =
%B’(y) RER. SERE

ﬁAj(x-)
E[me)]

6 = (01,02, 007,
E(x) = (e(x),e3(x),,en(2))T,
M2, R(FTLARRA F(x) = 0TE(x).
EE 1Y i h(x) RERAL U C R EW

ei(x) =

L RPN, XA IER e, FEAEIEAN(3) F0(4) ELHI
BHRAGKM
sup | A(x) = F(2) || < e. (5)
HEHE 1 TLLER, B HERZE A5G H
ARSAAESFREREREELRRBIIEE.
ASCH AT a0 (4) W E81Z B R 40 E A A 1 8 T
&(x). BB FHEH 1, TAEA XN TFEEAE
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sup |l &(x) - F(x) | <e.
3 WA SR F0 B S B #1i% 1t (Observer and
adaptive law design)
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4 {TEEH(Simulation example)
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Forp AEASK y = =B =8 = 53.7142; ¥
A 25x; + 3xsin %, + 125%™ .\ Susin x, x(0) = (-2 2)T, £2(0) = (2 -2)T,
&= 2+e™ 3 - sin 60) =(-1 1 1.5 -1 0.97,
W agll < &(x)+2.51 u | . TEBUEN(4) B e(0) =-1.
WHBHE RS, AR KRB RA YEGF LB 1~ 4.
0.5
0.
-o05}
e £
'y 25 1S
-3t
-3.5} \ o
40051 152 253 35445 5 “l005 17152 253 35445 5
t/'s t/'s
1 ARERE 2, Wma LR B2 REBRE z, HRRHE
Fig. 1 The emror comresponding curve of #,; Fig. 2 The ermror comesponding curve of x,
1.5 04
0.2
if 0
E o.(S)F g :g.i
© —05 - “ 06
1k -0.8
15005 1 15 2 253 354455 1005 1 15 2 253 35445 5
t/s t/s
A3 fAIHREE 6 MRBLIL B4 fHIHRE Rtk
Fig. 3 The estimate erorr curve of 8 Fig. 4 The estimate erorr curve of &
##Iﬁ(Refmms): namic systems [J] Automatica , 1”7,33(8).1525— 1530.
[7] WANG Li-xin. Fuzzy systems are universal approximations [J].
{1] TAU FE. Observing the state of nonlinear dynamic systems [J]. Int Proc of IEEE Int Conf on Fuzzy Systems [C]. San Diego: Royalty
J Control ,1973,17(3) :471 - 479. Publishing House, 1992:1163 - 1170.
2] KOU SR, ELLIOTT D, TARN T J. Exponential observers for non- 8] WANG Li-xin. Stable adaptive fuzzy control of nonlinear systems

{3]

{4]

{s]

linear dynamic systems [J]. Information and Control, 1975,29(3) ;
204 - 216.

MARINO R. Adaptive observers for single output nonlinear systems
{3]. IEEE Trans on Automaic Consrol ,1990,35(4):1054 - 1058
XA R, TR, . - RERUERANT SRR ERN
#5[7]. s E 5N A, 2000,17(2) : 303 - 305.

(Liu Fenlin, CHEN Bing, WANG Yinhe, et al. Variable structure
robust observers for a class of nonlinear systems [J]. Control Theory
& Applications, 2000,17(2):303 - 305.)

WALCOTT B L, ZAK S H. State observation of nonlinear uncertain
dynamical systems {J]. IEEE Trans on Awtomatic Control, 1987,32
(2):166 - 170.

{6] BERNARD F. Nonlinear observers for estimating parameters in dy-

f9]

f10]

fn]

[J]. IEEE Trans on Fuzzy Systems, 1993,1(2):146 - 155.
TONG Shaocheng, LI Qingguo. Fuzzy adaptive control for a class of
nonlinear systems [J]. Fuzzy Sets and Systems,1999,101(1):31 -
39.

CHAI Tianyou, TONG Shaocheng. Fuzzy direct adaptive control for
a class of nonlinear systems [J]. Fuzzy Sets and Systems, 1999103
(3):379 - 387.

BBE BIR, EXE X TEERERRREN AT RE
WERI]. B3, 1998,24(6):793 - 797.

(TONG Shaocheng, XU Weimin, CHAI Tianyou. Adaptive fuzzy
control for mimo nonlinear systems [J). Acta Awtomatic Sinica,
1998,24(6) :793 - 797.)

(FTHFE 618 7)



http://www.cqvip.com

618 B OoH A

5 B H F20E

5 452 (Conclusion)
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