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Modeling and high-precision disturbance-rejection control of a morphing quadrotor UAV

Shanjun Ren, Zhenhong Wei
Institute of Machine Intelligence, University of Shanghai for Science and Technology, Shanghai

[ Abstract] This paper proposes a high-precision disturbance-rejection control scheme integrating an Extended State
Observer (ESO) with Nonlinear Model Predictive Control (NMPC) to address the degradation in trajectory tracking
accuracy of morphing quadrotor UAVs during rapid morphing flights. This degradation is primarily induced by the
combined effects of time-varying moments of inertia, varying downwash aerodynamics, external disturbances, and hard
actuator constraints. First, a control-oriented dynamics model is developed, incorporating arm-length-dependent inertia,
downwash-induced drag ratios, and time-varying torque input gains. A nominal identification model for arm-length
dynamics enables the online updating of predictive model parameters based on morphing commands. Subsequently, a
cascaded position-attitude controller is designed. The ESO estimates lumped disturbances online, arising from parameter
mismatches, aerodynamic uncertainties, external perturbations, and inter-loop coupling. Meanwhile, the NMPC explicitly
enforces physical constraints, including velocity limits, attitude boundaries, and individual rotor thrust, within the receding-
horizon optimization. Additionally, fifth-order polynomial trajectory planning generates smooth arm-length profiles to
synchronize morphing execution with model parameter updates. Theoretical analysis proves the stability and error
boundedness of the closed-loop system under this hierarchical architecture. Finally, the proposed approach is
comprehensively validated through numerical simulations, MuJoCo-based physics simulations, and prototype flight
experiments. Results confirm that the proposed method not only effectively guarantees the real-time performance of the
predictive optimization but also significantly enhances the system's robustness against extreme morphing rates and
composite disturbances.

[ Keywords] Morphing quadrotor UAV; Extended state observer; Nonlinear model predictive control; Disturbance-

rejection control
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