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Figure 1 Overall structure of the robot
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Table 1 Main parameters of the wheel-wing hybrid cable-

travelling inspection robot
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Figure 2 System control block diagram
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Figure 3 Workflow of the robot
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Figure 4 Schematic diagram of the robot patrol area
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Figure 5 Schematic diagrams of key components
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Figure 7 Response curves of mode switching
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Figure 9 Cable-travelling response curves for detailed inspection
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Design and analysis of a wheel-wing hybrid cable—

travelling inspection robot for agricultural monitoring

Lou Dengyun, Leidin", Qin Xinyan, Li Chunhao, Li Wenrui, Wu Changhuan

(College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China)

Abstract: Existing agricultural monitoring platforms in open-field environments generally suffer from limited endurance of

unmanned aerial vehicles, insufficient viewpoint consistency during low-altitude repeated observations, and high susceptibility
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of ground robots to surface conditions and crop canopy occlusion, making it difficult to concurrently meet the demands of rapid
deployment and highly repeatable observation. To achieve continuous acquisition and comparative analysis of agricultural
information at the same location and from the same viewpoint over different periods, a wheel-wing hybrid cable-travelling
inspection robot for agricultural monitoring was designed. Using overhead cables above farmland as fixed inspection paths, a
dual-mode inspection scheme combining aerial cable docking and cable-travelling locomotion was proposed to meet the
demand for repeated observation at fixed locations and viewpoints. On this basis, an integrated configuration composed of a
passive trigger gripper, deformable arms, and wheel-wing hybrid end-effectors was developed to realize structural reuse of the
aerial execution unit and the cable-travelling execution unit. In addition, key constraint models, including flight hovering,
anti-slip on the cable, cable-travelling driving torque, and arm driving with over-center self-locking, were established, and
SolidWorks and ADAMS were used to simulate mode switching and cable-travelling operation. The simulation results
showed that the two arms of the robot could fold synchronously and the mode-switching process was continuous and stable.
The robot could complete the transition from the flight-deployed mode to the cable-travelling working mode within
approximately 5 seconds. In the cable-travelling mode, the platform moved continuously with stable wheel-cable contact, and
the pitch angle variation of the front and rear wheels ranged from about —0. 2 to 0. 2 rad, indicating favorable path constraint
and observation posture stability. The proposed robot can satisfy both rapid access to field monitoring areas and stable fixed-
path inspection requirements, providing a reference for temporal agricultural monitoring, repeated observation data
acquisition, and the development of low-cost agricultural inspection equipment.
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