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Abstract: To address the capacity bottlenecks of the traditional direct delivery model by riders in
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urban instant delivery and the challenges faced by direct drone delivery in high-density urban
environments, a drone hub-rider collaborative delivery model was proposed. A three-stage process of
“rider front-end pickup, drone inter-hub transportation, and rider terminal delivery” was adopted,
and five extended models were derived. Based on the Logit model, a modal split model containing the
dual attributes of economy and timeliness was constructed; the calculation formulas for the critical
delivery distance when the utilities of the new model and existing models reached equilibrium were
derived, and the competitiveness boundaries were evaluated. Monte Carlo simulation, numerical
experiments based on the traveling salesman problem, and a queueing theory model were adopted to
estimate key parameters such as the expected value of inter-hub distance, the enroute coefficient, and
hub costs. A baseline scenario conforming to the characteristics of urban instant delivery in China was
constructed, and the impacts of factors such as road network conditions and hub locations on the
competitiveness of the delivery model were explored through sensitivity analysis. The results indicate
that the critical delivery distance of the collaborative delivery model under the baseline scenario is
3. 88 km, which is within the main service range of the direct rider delivery model. When the distance
between the hub and supply/demand points is 2. 57 - 4. 32 km, and the delivery distance is 5. 17 -
9.49 km, transfers are required due to the endurance limit of the drone, which leads to a
discontinuous distribution of the advantage intervals. The critical delivery distances of the five
extended models range from 1.57 to 3.88 km, presenting differentiated competitive characteristics.
The demand-side self-pickup mode has the lowest critical delivery distance (1.57 km) , which is
suitable for customer self-pickup scenarios; the end-to-end direct delivery and fully autonomous
delivery modes have the second lowest critical delivery distances, but both require supply-side self-
equipped hubs, with the fully autonomous delivery mode additionally demanding a higher level of
automation. In multi-order scenarios, the collaborative delivery model maintains a competitive
advantage over a wider distance range for time-sensitive goods. The proposed method provides a new
idea for solving the adaptability problem of drones in urban delivery and can provide a quantitative
analysis tool for drone delivery network planning, hub location layout, and low-altitude economic
policy formulation.
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Table 1 Enroute coefficient fitting based on Monte Carlo simulation
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Fig. 6 Share rate curves under different scenarios
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Fig. 20 Advantageous delivery intervals of multiple modes for cost-sensitive goods in multi-order scenarios
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