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Design of a Truck-UAYV Collaborative Delivery System for
Mountain Logistics
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Abstract: To address high last-mile delivery costs and limited accessibility in mountainous rural areas, this study develops a
truck-UAV collaborative system based on field surveys in Anning Town, Xichang, and Jinhe Village, Yanbian County,
Panzhihua. Customers are divided into roadside truck-served nodes and remote UAV-served nodes. UAVs can be recovered at
downstream truck stops and rapidly recharged or swapped, while truck and UAV schedules are synchronized. A cost-
minimization routing model considering truck routing, payload-equivalent rules, UAV endurance, service assignment, and
synchronization constraints is solved by a hybrid procedure combining customer preprocessing, two-layer weighted K-means
clustering, BFS route screening, A* path search, and simulated annealing. Simulation with 61 measured delivery nodes yields
a total cost of CNY 671.25 and a completion time of 12.18 h. Based on the simulation outputs of the three schemes, the
collaborative mode reduces cost and time by 16.4% and 24.4% compared with truck-only delivery, and by 40.6% and 19.8%
compared with fixed-warehouse UAV delivery. The collaborative mode serves all 61 nodes and reduces detours, long-distance
return flights, and synchronization losses.
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Fig. 1 Topography and delivery-node distribution of Jinhe Village
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Table 1 Simulation results of three delivery modes
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