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Abstract: The extended state observer (ESO) for the non-affine nonlinear system is presented based on the idea of active
disturbance rejection. Thus, the auxiliary system design method is extended to the non-affine system. Next, an adaptive
controller is proposed by combining the command filters and the backstepping algorithm for a class of uncertain non-affine
nonlinear systems with input constraints and states constraints. This design scheme brings about a new ideal to deal with
the constraint non-affine system. The auxiliary system is introduced to analyze the effect of constraints, and its states are
used to design the adaptive tracking control. The command filters are adopted to accommodate the constraints on the virtual
control laws and to avoid the tedious analytic computations of time derivatives of virtual control laws in the backstepping
procedure. The extended states observers are used to estimate the unknown terms and disturbances. In the proposed control
scheme, the global uniformly ultimate bounded stability of the closed-loop is proved by the input-to-state stability (ISS)
synthesis, and the transient performance is improved with trajectory initialization. Finally, simulation studies are presented
to illustrate the effectiveness of the proposed tracking controller.
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tended states observers design for non-affine
system)
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SRALI 2 S 503, = 100, By = 300. Ky T 3 w8 A0k
BE, K FH AN 3C 1% 07 ¥ % vF W0 4 18, B 1 ) 4 8
H21(0) = 0.6, 25(0) = 0.8, F I HMEAF 5 I 4HE
WH A (0) = —0.4, \2(0) = —1.6; SCHR[4]F 12
OGN A WILRE R A G, (0) = a(0) = 0, A3
(3 TR RS DI 25 R A6 (B A 55 0. 7 LA R
K 1-4.

255 EIANE2 T UG AR 32 BRSO R, A
SCRIZ 2 SCHR [ RE A AR U M SIS 5 (5 5 (R IR R
B2 g gl N, sEdk “—7 AL T AR HlE N,
WELk “- - -7 AL SZ BRI HIR N, gk -7
IR B TN, R - -7 SRR
ZBREEE . INE20] DUE H, B P fl A S
T, X UL T A R v ik AR AN, E R R
Gk NFRASI, Rl O — 3. B3R ASC
BV 5 58 HhObF oA Al 2 ok 0 ) ik TR 402 S
NIV S E B VA 4 ES R E P s
Bk (11 g 7 S UE H TRERU RS, T8 H
AT S AR TU RFEA IR L Hh A3, T
Y RGOEARI B, ARSI 7 & R IE AT
e R LetE R 4.
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Fig. 3 Unknown nonlinear term and its estimation
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Fig. 4 Adaptive curves of parameters for the method

in reference [1]

52 {ESEH|2(The second simulation)
H T I UEARSCIE T AR S AR el R 4, ASCLA
ANESZP AR S AL M RGO 5
&y = fi(xr, @2, t) + dy (1),
By = fo(w1, 2, u) + da(t), (52)
Yy = I,
Hrpr:
fi(my, 2o, t) = 210705 + (1 + 6_0'1I§>$2 +
0.5sin x5 cos t,
dyi(t) = cos®(2t),
fa(xy, 29, u) = 27 +0.15u® + 0.1(1 + 22)u +
sin(0.1u),
dy(t) = 0.55in(10¢),
Hr: dy, do AARFIIAMNES TR, f1, ford RGEIRH
A2 1 T, A I e AT AL I T B 4 A, W =
fi+di =z, Fs = fo+dy —u. A TATHZPIANR
I, 2B T A 2N ORI 25 F 14N 45208
PR H B nT DURER Ay Bt il A0 2R 48 10 o
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FEARAEALE: SZPRAGAR DT SRR R ST G A% 1007

PRERBYERAS 5, # N AN uy = 5, - HIZ3)
TP VR AT BRI A |22 | < 1. DTN AR 2
BB E: ¢ =1, w=>50, F KW &S K &P =
100, B2 = 300; ¥ v (I W1 45l A1 (0) = 0.6, 22(0)
= 0.8, N FHMEE SHILRE B E I A (0) = —0.4,
A2(0) = —1.6; P EE R ILE5-7.

0 5 10 15
t/s

(a) it

1.0 .
0.5
0.0
_0_5 1 1

t/s
(b) HRERZE

—X, e Xog

Xy 5 Xog
NY=T SFNEN
T
oo —

0 5 10 15
t/s

(c) TR UEPARROR
K5 ERERRCR

Fig. 5 Tracking performance

K5(a)(b) K 7< 7 G it R R ASOR, &5 () &7k
S IREAHR R T RCR, IS TT LA HERERRL
FAREE, IFHARZ 2o PRV Y. B 6(a) 242 il A
T LR, E6(b) R TR 2 U B IRASAE BRIV A
XIS S AT, fn e e REVE N
T ET/ZESOX ARFARLANME AL TR, IR WIA
SCBEF I ESORBAR I AL BRA M TR SR e
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Fig. 7 Unknown nonlinear term and its estimation

6 451 (Conclusions)

ASCHEFISSHAS A ABTPLEAL, WF5T T #2152 FR
(IR S R GE R 4Rh, ks 2 2% SCRk (1, 11 )
B R G R IR R B RS R Bt
PIBAK RS T A, AR5 ARG (1 RS
SROPR 25 M 2%, 80 3k 4 A 2 By R e A M2 DRI s i) 32 PR
R IRI S AT WM 5 (135 22 5h & 7 L, )l back-
stepping B ARG 4 UG il 2% BETE T b8, %y
FORTEEANE RS, NS R Z R
RUA R R GRS T, IF Hoash 2 ke SRR AT AL
FIFHISS 58 FEAUE I 1 iz thll 2 F J 1 THER R ZE A
eV, I HLPRA T T 15 5 2 R R BRSE B 4y
FLEE R R AR
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