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Abstract: The control for a class of SISO non-affine nonlinear systems is studied. Based on differential homeomorphism
transform and the auto disturbance rejection idea, the system is transformed to the affine form with unknown control
directions and uncertain nonlinear terms. Combined with extended state adaptive observers (ESAO) and Nussbaum-type
gain technique, a auto disturbance rejection controller (ADRC) is designed by employing the integrator backstepping and
tuning function approach. According to Lyapunov stability analysis, we prove that the controller guarantees all signals in
the closed-loop system to be globally uniformly bounded; especially, the tracking error can asymptotically converge to an

arbitrary small region of the origin. The effectiveness of the proposed algorithm is validated by simulation examples.
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EE 1 HRGO)LEBHEGCHMS T A &N
BRI A R G, P G S8R A, iR
ERiRZE 2 = y — y MBI F mi i — AR

iE 4p = M/, 5F20(62) LRl M £ H

d
3 (Vne™) < e (goNi(v) = D)iy, + Me. (64)

1E]0, t] EXF BB 15
Vo(t) < p+ [Va(0) = ple™™ +
e fot [90N1 (v) — 1Joe*dT <
p+ Va0 )e_M +
e jot (90N, (v) — 1Jve*dr.  (65)
A 51 BE20] LLAE 5 oMV, 58, B Plz (i = 1,
;) I X Ty A A0, ity (¢) 2 5L,
T 51 Ao &HurwitzE B, 1 X (15)0] LL1§ Hino, n, &6
AT, u B E T A AT 5, Bt 2
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HYRIY. 7 LR, HERRAEIODTA (55 A .
A8 190N (0) — 1]0e|dr < e, WA D
TSRO
e M fot [goN1(v) — 1]ve*"dr <

t
J, llgo N1 (v) = 1]é]e*dr <

ﬂmmmmﬁmws%, (66)
)ty 2X(65) i AT
V() € p+ Vo (0)e ™™ 4 ¢, <
p~+ o+ V5 (0). (67)
122 < 2V, i LA
21 (t) < 2(p + ¢y + Vi(0)), (68)

HIEREF IR 7221 = y — yMOSHRN RO BN 2

PRAFHIE. UEEE.
4 {iE4rHr(Simulation analysis)
PR 1 HIE—F SISO HELe R gt

= 0.1u® + 0.5u® + usinu + sin z,
y=ax,

A REEFEZME f (2, u) = 0.1u*4+0.5u® +usin u+
sinz, IREEISH G 5 W E Ny, = sint - cost, PIUH
{H % Hlx(0) = 0.5, o(0) =n,(0) =£€(0)=(0.1,0.1,
0.1)T; %t Z$d, = 0.01,~, = 0.1. 4 TRIEZ N
EIAT R, R HCT LA [ 1 2 HOR I
M3ASPE B Fi FR 24T T IR, W12 e, = 1000,
I' = 10000, ¥4 7 k7> ) 26 #6: D by = 2,k = 1
Dk =3,k =2,3)k; =6, ky =11;4) k; = 300,
ko = 20000. i EAR M 1-3F1K1.

lE’\— 0.6 . T . T T T T T 0.6 T T T T T T T T T 7]
2 02 mﬁ Y 4 i;g 0.4? ]
A AN | L o2t ]
ﬂ? —06F 047? 092 ) b.96| 1 1 1 1 1 1 i =00 -‘T T‘T 4‘;‘ 4%4% T T T
& 0o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
t/s t/s
(@) (b)
—Yy, ---k=2, k=1 k=3,k=2
--— k=6, k,=11 — k=300, k,=20000
K1 BERIERCR
Fig. 1 Tracking performance
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Fig. 2 Control v and parameters go
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t/s t/s
(© (d)
---k=2, k=1 k=3, k=2
-— k=6, k=11 — k=300, k£,=20000
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Fig. 3 Parameters ngand 71

K 1R IR AN [F] 2 B0k I BR R R I, HEh K 1(a)
FoRRGE S, K 1(0)RoRIREsR7zE, #
HSE RN S H R B2 AN R Sk P A
JeZHgo ) B MY, i 2, I E12(a) R 78 2 Hlgo 1
H 3 N i 26, B2(b)3R 7 35 i B3R R AW 2
Hk; 5 2 Hmo Fmy 1) B 38 B i 28 18 o j 2 3R R
ki =2, ko = 1G85 1 2R Rk = 3, ko = 211
Tl MR R K = 6, ky = 11HYIG DL, L8R
k1 = 300, k2 = 200001 0L A Fid 7 45 R n] L
Fih: Moy, DIEER, RZESBEAE & kKM

/N, AEE AN, AT R B BT 7 SRS U B
flith 8 S RN AR B rE. i sl(e1)
ANHE ST, 438 55 KA I, A (Po) 8B/, AT
MR, 2o BRI, MBBEAE IR, 85T
Hpil D, BERER R ZE0N 1. W2 K12 Higo i
SIOHZ T LU Y, R go A — e s L ., B
e ARG AT AR BEAR S MU ER R 2 . AR 17T
DA, Hey, DEEEN, RGP MR REIFAS
it 189 2 R PR 38 KT A7 50K 10 502, DAY A 42 o 1
KANTE e FRMIE.

F QT 3
Table 1 Performance comparison

k=2 k1 =3 ki =6 k1 = 300
ko =1 ko = ko =11 ko = 20000
le|> + [ul®>  1.3440 x 10°  1.3437 x 10°  1.3430 x 10°  1.3403 x 10°
le] 49.5352 43.6087 30.5437 16.5883
|ul 3.6548 x 10*  3.6545 x 107 3.6536 x 10*  3.6514 x 10*
HHEBI 2 HEMSISORHRILIRSE « By g ]
I ? T
) 0.5
e =
x.l - ./I:Q, ié :(l)g i L 1 L 1 1 1 1 L 1
0 10 20 30 40 50 60 70 80 90 100
g9 = 23 4+ 0.15u® 4 0.1(1 + 23)e"+ "
S
sin(0.1u) + 23 + wo(t),
_ (@
Yy =1,
b REHELMEf (2, u,w) = [z 27 +0.15u + s
0.1(1 + 23)e% +sin(0.1u) + 23], FMHTHwo (t) J ijﬁg L '_'y - yr' ]
BEHLFIE S, BRI S5 (5 S 8B hy, = sint - 5 o . .
= S/ VA N . — — _ | L | | | I | | I
cost, {ﬁéi\ﬁ@ﬁi@ﬁ%jj‘ 21(0) xQ‘(O)‘ 1",5’ 050710 20 30 40 50 60 70 80 90 100
10(0) = 11(0) = £(0) = (0.1,0.1,0.1)"; K it B % "
Cl = Cy = 100, d1 = d2 = 0.01, k’l = 6, kQ = 11, (b)

ks = 6. P B 45 R ILE4-6. i B 45 R T LA H,
PRI AT

Kl 4 BRERECR

Fig. 4 Tracking performance
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Fig. 5 Control u and parameters gg Y=,
3
. x _
1.0 T T T T T T T T T itqj:fl(ml’xz):$1+$2+72’f2(m27u):$1x2+
3
) | w = RS
S 00
T s | | g T 5 AR SCBE T R A, A
B R WFS T SCRR (18] UM 08 th SR (18] 1%
0 10 20 30 40 ts/o 60 70 80 90 100 PR A
s o] = —C121 + WlTsl(Zl),
03 T T T T T T T T T U.: —Z1 — C22n + WES2(Z2)7
g? Wi=-I8i(Zi)z — oW, i = 1,2,
S 00 ‘ “ ﬁq3121=$1—yr,22=l’2—041,w1, Wy i
i | N N S N
o il | | WL IRUEL, S1(-), Sa(-) J A 4 Sk 3 SCik b

1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
t/s

Mo
Lo -

Ma
o
=

T . A E— e
0.5H

0.0
-05F 1
-1.0

Mo

t/s

Il 1 L 1 L 1 L 1 Il
0 10 20 30 40 50 60 70 80 90 100

BT R e ), Z Ao L I, EA]
iRpIZn W IS

—1Z; — wil?
Si(Z;) = eXP(”nguj”),
1= 1727 .7 = 17" 'li7 Zl - (xlvftdl)T7
day Oy . Oay .. OJay
Zy = T 3y T —W).
9y = (a1, 22, 0z, 8yry Gyry +8W1 1)

P H An o vt il g, A R G R R EE S
A5 5y, = sint cost.

2SR 181 I SR E N ¢ =2 =100,
N=Iy=2 01 =0y =02 W;(0)=0,i=1,2,%
2 SCHR PR 28 R WS (Z2) B 25AN Y A
WSIYATAE[—4, 4] x [—4, 4], #Z W Sy (Z,)
I35 1, o3 21 o3 A 1[4, 4] x [—4, 4] x
[—4,0] x [—6,6].

AT E i S ECE: 1o (0) =m1(0)
= £(0) = (0.1,0.1,0.1)T, ¢; = ¢ = 100, dy =
dg = 0.01, kl = 6, kQ = 11, ]{73 = 6, Yo = 0.3.

ARG VIR E I A 21 (0) = 1.2, 22(0) = 1.0,
17 B0 K H ¥ B h0.001 s, 17 B 45 5 i [K7-8
F2P7R.
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Fig. 7 Tracking performance
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Fig. 8 Control u

5 B H ML & CPU JyIntel Core iS5 2.

2 YR WA A LA S8 E 3G N A 25 SOk b
ATV B, A SN ZE I 28 S A IR AL SR8, JF
HARZE O 58 B i RO S B LU A PR M. 245 L1 14
IIHT, TLAE Y, ARSCR et Jr G A R0, JF
HASATHER D

k.2 MAsrei

Table 2 Performance comparison

le| + |ul? le] |ul FEI /s
A% 5.0736 x 107 274.8259 3.5153 x 10*  0.28506
SELER18] L 1.4646 x 10°  63.3588  2.2703 x 10*  70.9418

5 %5 (Conclusions)
ASCERX — AR5 AR LR R 4, R H 335> [
AR DL K E TP AR LA 4 plis 1l 388 2 A 1)
i 5 R ¢, $8 )5 71 ANussbaum-typei¥f zi £ AR F19~
FARA LI 2%, 552 S5 R AR 53 S e R 15 BR R
Wt T BHIEN S B Pyl as, o 7 aEAT
BUNTE AT RS S BT T AT AR
SR G IR ) R, I HASCHR M It 77 R el
AR I M AL BRAMES TR 2. Fr e v (45 2% Re %
PRI RS E G 52/ — 8 . A K
(RIS TS [ A A I G R (R T4, T
SRR, DAEAE RGP e AL
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