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Abstract: We design an active disturbance-rejection controller for the flight control of a quad-rotor unmanned aerial
vehicle (UAV) to reduce the effects of the parameter variations and external disturbances. After arranging the transient
dynamics of the desired attitude and height, we design an extended state observer to estimate and compensate for the impact
of internal/external disturbances simultaneously, thus solving the problems of strong coupling and parametric uncertainties
even in the presence of external disturbances such as varying-wind conditions. Moreover, a nonlinear state error feedback
control law is also applied, which effectively reduces the tracking error. A series of experiments are conducted in simulation
platform, and comparative analysis between active disturbance-rejection controller and cascade PID controller is made.
Simulation results show that the active disturbance-rejection controller not only accurately estimates and compensates
the internal/external disturbances but also implements the robust quad-rotor flight control under conditions of dynamic
parametric uncertainties, meeting the design requirements of fast attitude maneuver and high stability, and showing a
superior performance to cascade PID controller.
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Fig. 1 The structure of second-order adaptive disturbance rejection controller
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4.3 E#PESEE (Experiments of robustness) 40
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experiment with different parameters
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Table 1 Performance indices of ADRC with different parameters

‘ TR IR s TE IR E I TE
i EZ%AT
ol%  tsls  ol%  tds  ol%  tsls  ol%  tsls
ZHAAE 1.2890 0.97 1.2707 0.96 1.6034 1.20 2.0527 2.12
ZH+30% 1.3721 0.96 1.3594 0.96 2.2911 1.46 4.6802 2.25
ZH-30% 1.1761 0.97 1.1558 0.97 1.5407 1.25 2.2971 2.18
IR E S IR 7T B i Esl g VU e S E 3 Hk(References):
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