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Linear active disturbance rejection control for high-order nonlinear
systems with uncertainty
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(Department of Control Engineering and Command, Qingdao Branch of Naval Aeronautical University, Qingdao 266041,
China)

Abstract: A general linear active disturbance rejection control (LADRC) approach is proposed for a class of single-input
single-output (SISO) high-order nonlinear systems with subject to dynamical and external uncertainties. For every part
of LADRC, the principle of high-gain observer with single parameter tuning is adopted to construct the linear tracking
differentiator, the linear extended state observer and the linear state error feedback law. By using Lagrange mean value
theorem and Cauchy-Schwarz inequality, the differential value of the system’s total disturbance is transformed into a
function with respect to the system estimation and tracking errors, thus solving the problem that the differential value of
control input is difficult to be determined in advance due to the unknown control gain. Then it is proved that the errors of the
closed-loop system are bounded based on the Lyapunov stability theorem. By further analysis, the quantitative relationship
between the estimation and tracking errors with the control parameters is derived, and both can be infinitely small as the
observer gain increases. Numerical simulation results show the effectiveness of the proposed approach. Compared with
Han’s ADRC, the proposed LADRC has simple structure, few tuning parameters and easy implementation in engineering.
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h(/\K) = ()\K + ’lUK)nJrl,
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FREA K LIFRAEZ A @8 H Fws = wxg =
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2) %+ R, B+ LTD £ LADRC H [ #H X3 i 57
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Yy=2=xi.
ARG RN EREIE A
f(tv Ty, T2, ./If3) =
0.5z1 + e 2! sin® xy + o + sin 2t cos x5,
HENFTA
0.5, 0 <t < 10;
w(t) =
0.5 cos(2(t — 10)), t > 10.

AP kRES 2y = f(t, r1, 1?2,1‘3) + w(t),'fﬁ?'%%lﬂzg
4t (26) W /2R 1 ~ MR 3.
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U1 = Vg,
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23:2'4-%773(@/—2’1)‘0‘“7
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27)

X FE, R 55 (26) M1ILADRC(27) ¥ L A R 45, 4
HAI A
[21(0), 22(0), 23(0)] = [0.5,0.3 + 0.050, 0.2+ 0.19],
[v1(0), v2(0), v3(0), v4(0)] = 0",
[21(0), 22(0), 23(0), 24(0)] = [0.5,0.3,0.2,0.1],
0 N0~ 1 IR BEALEL, B € S v (t) = 2sin(0.5¢),
FF4 vo1, Vo2, Vo3, Voa 7T AR vo K H 1~ 3 S
BUATT S8R = 20,r = 0.0, 3K h = 0.001.
15 3 SR HUE A7 B SR an B 2 A1 3 s

60

5
20 Y A
3 5 10 15 20
0
-40 - - -
0 5 10 15 20

t/s

3 HARRFEEGIEAN

P P 2 0 DAL, 6 T 1 R 1) R A ER R T A Ak R
([v1,v2,v3,v4] = [v01, V02, Vo3, vou]) LA RGUIRZAFA
SR RS WAL T 2O (21, 22, 23, 24] = 21, 22,
T3, 24)), RGN H RS AR B ERER W E L y — vo, H.
[y — vo,§ — vo, NEUE EIGUE T %€ B 1A 1=y
P, LB T ATt LADRC J7 ¥4 s AN 2 R4
HIA M, R A L T LADRC B & HetEFHT T 1.
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T BEHLIE B RS IRE T 87 BRI R %
e;(i = 1,2,3). fEBRPEhl A5 b, K 0 48 RG]
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T = Xg,

A gsinx, — amlz3sin(2x,)/2 — acosziu
2 p—

41/3 — aml cos? xy ’

Yy =2I.
(28)
Hor: oy NIEBAE O T 3 B 5 ), 20 NIRRT
209K, a = 1/(m+ M), m AYERTEE, M A
N B, w N INTE /N B .
Bt 2% (28),Blg = 9.8m/s”,2] = 0.65m, m
= 0.21kg, M = 0.45kg. XV 1H 2,(0) = 22(0) =
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0, % Hv = /4, RIF #5718 5 1 H J7 W 1) %
AR ELE /4, PR LA TS 2 R by = —2.8. RG
(28) Al Ak i =X (2) A 1 =B i =, Horp 7 akeR

_ gsinay — amla3sin(2x,)/2
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