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Abstract

To address the low efficiency of the “last mile” in rural e-commerce logistics caused by dispersed cus-
tomers and the existence of “remote areas”, this study proposes a truck-drone joint delivery route
optimization scheme. The innovation lies in introducing a “remote area” setting that is dynamically
identified by data and incorporating asymmetric time-cost weights to reflect the efficiency differences
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between the transport modes. To solve the model, which aims to minimize total makespan, a two-
stage hybrid heuristic algorithm was designed. First, an improved Ant Colony Optimization algo-
rithm generates an initial truck-only route; then, an iterative heuristic based on net gain assigns
drone tasks. Experimental results validate that this scheme can reduce the total makespan by up to
15.71%, providing an effective basis for decision-making on cost reduction and efficiency improve-
ment in rural logistics.
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Figure 1. Truck-drone joint delivery mode
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Figure 2. Distribution point locations and customer coordinates map
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Figure 3. Schematic diagram of truck-drone coordinated delivery routes
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Figure 4. Sensitivity analysis results figure for remote-area definition threshold
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