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Error-Free Disturbance Tracking ESO-Based Cascade Linear Active Disturbance Rejection
Control for Quadrotor Unmanned Aerial Vehicle
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[ABSTRACT] Aiming at the attitude control problem of quadrotor unmanned aerial vehicles under the conditions of
model uncertainty and unknown external disturbances, an improved linear active disturbance rejection attitude control
method capable of realizing error-free disturbance tracking has been designed. Firstly, the error correction mechanism
is introduced into the extended state observer to achieve disturbance-free tracking and estimation of the system, and the
Levant differentiator is used to accurately extract the input signals of the controller. The cascade control strategy is adopted
to decompose the attitude control into a cascade dual-loop control structure, that is, the angular velocity control is the inner
loop and the angle control is the outer loop, thereby improving the anti-interference ability and robustness of the controller.
Based on the semi-physical simulation environment, the attitude control effects under different disturbance conditions are
simulated and tested. The simulation results prove that the controller designed in this paper has high control accuracy and
stability and can meet the requirements of the attitude control of quadrotor unmanned aerial vehicles.

Keywords: Quadrotor unmanned aerial vehicle; Attitude control; Linear active disturbance rejection control; Cascade

control strategy; Improved extended state observer; Semi-physical simulation
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Fig.6 Structure of the semi-physical simulation system
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Table 1 QUAYV parameters in simulation
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Roll angle tracking results without disturbance
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Pitch angle tracking results without disturbance
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Fig.9 Yaw angle tracking results without disturbance
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Table 2 Cumulative error without disturbance (°)
WiH 0, Oy o 20
ILADRC 0.105 0.052 1.861 2.018
ADRC 0.310 0.201 11.422 11.933
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Fig.10 White noise added in simulation
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Fig.11 Roll angle tracking results for sudden disturbance
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Fig.12 Pitch angle tracking results for sudden disturbance
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Fig.13 Yaw angle tracking results for sudden disturbance
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Table 3 Cumulative error under sudden disturbance (°)
Tt H 0, 0y @, 20
ILADRC 0.114 0.085 1.876 2.075
ADRC 0.339 0.238 11.593 12.170
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Fig.14 Angle tracking results for natural irregular wind disturbances
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Fig.15 Pitch angle tracking results for natural irregular wind

disturbances
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Fig.16 Yaw angle tracking results for natural irregular wind disturbances
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Table 4 Cumulative error under natural irregular wind

disturbances (°)
WiH 0, Oy 0, 20;
ILADRC 0.138 0.071 1.806 2.014
ADRC 0.346 0.240 11.633 12.218
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