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Research on the endurance enhancement of quadrotor UAV
based on guardrail interaction

Chen Hao', Zhao Jiaxin', Jiao Yang ', Wang Quanxin ', Fang Yukai °

(1. Anhui Wantong Expressway Co. , Lid. , Hefei 230088, China; 2. Hefei University of Technology, Hefei 230009, China )

Abstract: To overcome the endurance constraints of quadrotor UAV in long-range highway missions, this paper proposes a novel
configuration designed for guardrail-supported flight. By utilizing mechanical interfaces such as rollers and clamps to maintain continuous
contact with guardrails, the UAV transfers a portion of its weight to the infrastructure, significantly extending its flight range. A hybrid
dynamic model incorporating contact forces and friction is established in SE(3) space, integrated with an energy assessment framework
based on momentum blade element theory. To manage the physical interaction, a nonlinear PID controller is designed to actively compensate
for support and frictional forces. The almost global asymptotic stability of the closed-loop system is proven via the Lyapunov method.
Numerical simulations demonstrate that compared to free flight, guardrail-supported flight reduces steady-state cruise power by
approximately 71% , with a total mission energy saving of 56. 9%. Furthermore, the system continues to achieve effective energy savings
under a wide range of friction coefficients u € [0.1,0.8] on the guardrail surface. Specifically, even under extreme conditions with a
friction coefficient as low asu = 0. 8, the system maintains a significant energy saving of 41. 1%. This research validates the feasibility of
leveraging existing transportation infrastructure to enhance UAV endurance without additional infrastructure costs, providing a novel solution
to the endurance challenge of highway quadrotor UAV.

Keywords: quadrotor UAV; expressway; guardrail-assisted flight; trajectory tracking; energy-efficient configuration; endurance enhancement
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Fig. 1 Structural diagram of the guardrail-supported UAV
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Fig.2 Schematic diagram of the reference coordinate

system for the guardrail-supported UAV
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Fig.7 Comparison of energy consumption and SOC between
free flight and guardrail-supported flight
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