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Abstract: A novel Hex-Rotor aircraft was proposed to overcome the effect of under-actuation and
strong coupling characteristics on the flight performance of existing multi-rotor aircrafts. Based on the
unique configuration of six driving rotors, the Hex-Rotor aircraft has the ability to control the space 6-
DOF channels independently . First, the structures and characteristics of the Hex-Rotor aircraft were
introduced and its dynamic model was established. Then, an autonomous flight control system with a
parallel double-loop structure was designed, in which the command-filter backstepping approach was
introduced into the attitude stability augmentation control loop, and the translational controller based
on the active disturbance rejection control technique was used in the position loop. Finally, the total

independent control of the aircraft on 6-DOF channels was achieved in the numerical simulation and
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the influences of unknown external disturbances and model uncertainties on the flight control perform-

ance were overcome. The prototype experiment results indicate that the horizontal tracking errors, al-

titude errors and attitude errors for the aircraft are limited in =4 m, =3 m, and £0. 05 rad, respec-

tively, which are all according with the precision ranges of measurement units and mean that the pro-

totype has tracked the reference translational and attitude commands accurately. The simulation and

experimental results verify that the designed Hex-Rotor aircraft has desired maneuvering capability,

and the control system is able to guarantee the autonomous tracking flight of the aircraft.

Key words: multi-rotor aircraft; command-filter backstepping; active disturbance rejection control;

parallel double-loop structure
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Tab.1 Parameters of Hex-Rotor model

Parameters Values

Mass m 1. 25 kg

Distance between motor and ~
0.5 m

COG [
Rotational inertia to z-axis I, 8.1X10 °* Neme s °
Rotational inertia to y-axis I, 8. 1X10 *Nemes *

—2

Rotational inertia to z-axis I. 14.2X10*  Nem =+ s
Lift factor k 54.2X10 ° N« &’

Drag factor k» 1.1X10* Nem=+s?

P RATE MR IRES R Po=[0,0,0]" m,
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