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Tracking Control and Inspection Optimization of Quadrotor UAVs
Base on Hybrid Finite-Time Control
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(1.State Grid Hebei Electric Power Co., Ltd. Qinghe County Power Supply Company, Xingtai 054802, Chinaj;
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Abstract: This paper addresses the insufficient trajectory tracking accuracy of unmanned aerial vehicles (UAVs) in State Grid
Corporation's operation and maintenance department during inspection missions under complex electromagnetic environments
and dynamic obstacle interference. A trajectory tracking method for quadrotor UAVs based on hybrid finite— time control is
proposed. Firstly, a six-degree-of-freedom (6-DOF) dynamic model of the quadrotor UAV is established, with underactuated
characteristics decoupled through the design of an adaptive integral sliding mode (AISM) control law.Subsequently,to precisely
suppress external disturbances,a fixed-time extended state observer (FTESO) is combined with nonsingular terminal sliding
mode (NTSM) control in the attitude subsystem,achieving finite-time convergence of system states and dynamic compensation
for unknown disturbances.Furthermore, Lyapunov stability theory is applied to ensure the global stability of both subsystems
and the closed-loop system.Finally, MATLAB/Simulink simulations are conducted to verify the method's effectiveness by com-
paring trajectory tracking performance under strong wind disturbances and electromagnetic interference between traditional slid-
ing mode control (SMC), backstepping control, and the proposed approach. Simulation results demonstrate that the proposed
method exhibits significant superiority in tracking accuracy. disturbance rejection capability,and convergence speed. The study
proves that this method substantially enhances inspection accuracy and robustness of quadrotor inspection UAVs in complex
power grid environments, providing technical support for efficient maintenance of State Grid transmission lines.
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