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Abstract: With the promotion of UAVs in the application fields of various industries, especially in remote
sensing, the demand for precision remote sensing is becoming more and more intense. As a kind of UAV, quad-
rotor has developed rapidly in recent years and has become the first choice for small-scale accurate remote
sensing mapping. However, its own flight stability is directly related to the remote sensing imaging effect, and
the attitude controller therefore becomes the basic problem of the research on the stability of UAVs. For the
under- actuated, strong coupling and nonlinear characteristics of quad- rotor aircraft movement, a method of
attitude controller based on sliding mode and extended state observer (ESO) was presented. A series of
experiments methods were designed to obtain the model parameters: inertia, lift coefficient, torque coefficient
and time constant of the motor, and establish a mathematical model of each module of the four rotors. The
sliding mode controller was used to achieve quad-rotor aircraft attitude decoupling robust control, the symbol
function was replaced by sat function to improve sliding mode controller structure and slow down flutter
phenomenon. Combined with extended state observer (ESO), the sum of quad- rotor attitude loop system
interference can be estimated at real-time. The sum of interference includes states coupling terms, un-modeled
dynamics and external disturbances. Thus the disturbance compensation was added into sliding mode control
output in real-time to achieve high quality quad-rotor attitude control. Two sets of experiments were designed.
One set of experiments was the actual manipulation command tracking experiment, and the other set was the
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actual external load interference experiment. The two quad-rotor UAV attitude controllers (sliding mode
controller based ESO&individual sliding mode controller) are compared with the simulation and the
actual test flight based on experiments. The experimental results show that, under the same conditions, the
controller based on sliding mode and extended state observer (ESO) can achieve stable attitude control
and reduce tracking error by about 20% , and the control method can enhanced the anti-interference
ability of the quad-rotor. while quad-rotor hovering, it can reduces the fluctuation of the attitude angle by
about 50%, which has practical application value.

Key words: sliding-mode controller; extended state observer; quad-rotor; UAV; interference estimation; model
parameters
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Fig. 14 Comparison of the actual curves of the pitch angles of the two control methods
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Fig. 15 Comparison of the actual curve of the attitude angles of the two control methods under external disturbance
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