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Abstract

The “last-mile” instant delivery faces challenges of efficiency bottlenecks, rising costs, and difficulty
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in balancing user experience. The collaboration between drones and riders is seen as a key solution,
yet its systematic value needs quantitative verification. This study constructs a multi-objective dy-
namic scheduling model integrating operational efficiency, economic cost, and user experience, and
designs an Adaptive Large Neighborhood Search (ALNS) algorithm for the solution. Through simu-
lation experiments, the performance of pure rider mode, static collaboration rules, and human-ma-
chine collaborative optimization mode is compared and analyzed. Numerical experiments show
that the optimized human-machine collaboration model can achieve significant synergistic effects:
compared with the pure rider mode, the total cost is reduced by about 12.9%, the on-time delivery
rate is increased to 94.7%, and the average delivery time is shortened by 17.4%. The benefits of
collaboration are significantly affected by drone unit cost, order density, and regional characteris-
tics, with a critical cost threshold existing. This study is the first to incorporate “user experience”
into the collaborative scheduling model in the form of a non-linear delay penalty function, providing
platforms with a strategic decision-making tool for quantitatively trading off “efficiency-cost-expe-
rience”. It also proposes precise investment suggestions for priority deployment in high-potential
areas.
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Table 1. Performance comparison of different delivery modes
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(On-time Delivery Rate, %)

VE: ITRAMER R = (MEFHEIAT BB BT B8 x 100%. (Note: On-time delivery rate = (Number of on-time orders/Total
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