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Attitude Control of Tilt-rotor Unmanned Aerial Vehicle Based on
Fixed-time Model Reference Method

ZHU Ji-Hong"?> ZHANG Xiao-Jun®* YANG Yun-Jie"> YUAN Xia-Ming"?

Abstract Tilt-rotor unmanned aerial vehicles (UAVs) exhibit complex dynamic characteristics during the trans-
ition process. Their variable speed and variable configuration features result in significant model uncertainties.
Meanwhile, they are easily affected by disturbances such as gusts of wind, which imposes high demands on the
design of attitude control laws. To address this issue, this paper proposes a model reference attitude control meth-
od that combines a disturbance observer with a terminal sliding mode compensator. A fixed-time convergent dis-
turbance observer is designed to accurately estimate the unmodeled dynamics and external disturbances of the tilt-
rotor UAV based on homogeneous system theory. A fixed-time convergent terminal sliding mode controller is de-
signed by using a novel nonlinear saturation function, achieving fast and high-quality tracking of the reference sig-
nal with low-pass filtering. To further address the control singularity issue, an improvement strategy is proposed for
the controller in the vicinity of the longitudinal axis. Simulation results show that the proposed method exhibits
strong robustness against model uncertainties and external disturbances for tilt-rotor UAVs. Compared to the mod-
el reference attitude control method based on finite-time stability theory, the fixed-time convergence control
provides higher control accuracy and smoother output.
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Fig.1  Typical flight modes of tilt-rotor unmanned
aerial vehicles throughout the entire flight envelope
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Fig.2  Tilt-rotor unmanned aerial vehicle configuration
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Table 4 Comparison of performance indexes of finite-
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