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Nonlinear Active Disturbance Rejection Attitude Control of

Two-DOF Unmanned Helicopter

WANG Yi-Yi' ZHAO Zhi-Liang"*

Abstract A major challenge of high-performance attitude control of unmanned aerial vehicle (UAV) is that the
mathematical models of UAVs are always not accurately built and they are often disturbed by external disturb-
ances. Taking up this challenge, in this paper we develope a nonlinear active disturbance rejection control (ADRC)
method for attitude control of two-degree-of-freedom unmanned helicopters. The key idea of this method is online
estimating the “total disturbance” which is composed by un-modeled system dynamics and external disturbance at
first, and then compensate it in the feedback control. In this paper, we develop a nonlinear extended state observer
and a nonlinear feedback controller to improve the control performance. The stability and convergence of the closed-
loop control systems are proved strictly. The effectiveness of the theoretical results are verified by simulations. The
numerical results show that, when the measured output is contaminated by random noise, the performance of the
controller proposed in this paper is better than the linear ADRC and sliding model control.
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Simplified diagram of two degree of freedom

Fig.1
unmanned helicopteropter
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Table 1  Three sets of system parameters

B I I I
Tpp (Nm/V) 0.204 2.04 20.4
Tpy (Nm/V) 0.0068 0.068 0.68
yy (Nm/V) 0.072 0.72 7.2
Typ (Nm/V) 0.0219 0.219 2.19
D, (N/V) 0.8 8 80
D, (N/V) 0.318 3.18 31.8
I, (kg - m?) 0.0384 0.384 3.84
I, (kg-m?) 0.0432 0.432 4.32

m (kg) 1.3872 13.872 138.72

! (m) 0.186 1.86 18.6
g (m/5—2) 9.81 9.81 9.81

2 R TS0 A2 5 I 7 5 et Y
FhaEd T ERI AR, B 2 (a) R 5 3R
NHIEE{E (Reference), NSTST-SMC #% il 3R 30 T [
I M4 e, 261 B id4z ] (Linear active dis-
turbance rejection control, linear ADRC) 3¢zl
I Fa fir e (Linear-ADRC), HA B AR 55 10 H
P iz (Time-varying-gain active disturbance
rejection control, TVG ADRC) BR3l~ AT/ fii
A AEZR M B Pt ] (Nonlinear active dis-
turbance rejection control, nonlinear ADRC) 43
SRR A . B 2 (b) Fpg & o 2 os B
fH (Reference), NSTST-SMC il 25 3k 3l T Bkt
s, Stk B B s dl 25 IR S T 0 AT A
FA I AR 38 25 16 B U AR ] 3 R 3N R 1 O AL A
B, BLACARZANE B Pz il 25 SR 30 T 1 f AT A i

M 2 (a) ITEWAESE T HS W 515 4y 1h
O DU 7 V232 e RS 5 e o R R B H AR XS
bl i B A A e ¢ v 68 L M A 4% 1) (NSTST-SMC)
TNER T =R AIERERNE BORER HArE
F1Ry e 87 ST A LG At B B4 i A0 B AT I AR 1 28
() B P03 ] X S FR A A B A — L8k, TR
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(b) Numerical results of yaw angle without noise
pollution under parameters group I

B2 B IASHT AT Y FEE R
Fig.2  Numerical results without noise pollution
under parameters group I
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Fig.3  Numerical results with noise pollution
under parameters group I
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Fig.4 Numerical results without noise pollution
under parameters group II
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under parameters group II
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