537 55 6 1 R N A R N S A Vol. 37 No. 6
2020 4 6 H Control Theory & Applications Jun. 2020

HE R B AT DU e 3 H BLIl kAT I H v

FYLCE, B Y, REKE?, B, R L RS
(1. BRI IR S BEMbRE, VL B 211106; 2. StH MG R TUEAR, St $1BH 550002;
3. RTRSE P T RESERE, 2 Sl 243032)

FEEE: B0hH Y fg 32k DA ST B AN S A S P2 ] e A, WA T — A B A e 4 ) O B AT R DU e 3R AT
e ARG NV IR A G RV B A E VS SRR S R AN, it T T B BUIE HI(ADRO)E A K AT %
. I SRS 1 AR GEBh Sy R, oM B RO e RSB0 70 BN B AR SRR DN T B[R] B S5
Groal it B PUIRIE R EE, ST SR I E5 G 71 R STr) A ShIRBD, R AR LIRS A i R 0 3 b s 4
). FESEIEA -, 38 AR A e A P2 ) 20 R, 42 1 45 i ) L B2 B 0 e SR T AT UG A 47 05 SRR W,
Pt (K B PU AT P 5 B A R4 (7 BTSN 2 G RE 7, BENE A ROt A T A2 RN SD, RIS X &R 4t
BRI 93 B0 3 R R A e ) PR

RHIA): B IR S B P A R0 R AT AR

SIAE: ST B8, TRAKIE, 55, 40 o B mT e DU e 38 B DUt ©ATE I D5 . FR I ER 5 RHT, 2020, 37(6):
1377 - 1387

DOI: 10.7641/CTA.2019.90305

Active disturbance rejection flight control method for
thrust-vectored quadrotor with tiltable rotors

LU Kai-wen', YANG Zhong!'f, ZHANG Qiu-yan?, XU Chang-liang!,
XU Hao!, XU Xiang-rong?

(1. College of Automation, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 211106, China;
2. Guizhou Power Grid Company Limited, Guiyang Guizhou 550002, China;
3. School of Mechanical Engineering, Anhui University of Technology, Ma’anshan Anhui 243032, China)

Abstract: To solve the problem that standard quadrotors are difficult to control position and orientation independently,
this paper develops a thrust-vectored quadrotor with tiltable rotors. A flight control system based on active disturbance
rejection control (ADRC) technology is designed to reduce the effects of large scale uncertainties, strong coupling and
external disturbances, such as varying wind. Firstly, a dynamical system of quadrotor with tiltable rotors under wind
is derived, taking into account aerodynamical effects induced by crosswind. Secondly, the system is decoupled into six
channels of single-loop structure, and the corresponding controller is designed separately for every channel. An extended
state observer is applied to estimate the entire disturbances of the system. Subsequently, the nonlinear state error feedback
law is utilized to compensate the disturbance. Thirdly, the control allocation matrix is linearized with variable substitution,
so that the output of the designed controllers are directly mapped to the rotor speeds and tilting angles. Simulation results
illustrate the great ability of developed active disturbance rejection flight controller to decouple control of position from
control of orientation. Its effectiveness of the turbulent flow disturbance estimation and compensation, and robustness under
actuator faults are also shown.
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