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Abstract: Focusing on the integrated low-altitude and high speed railway (HSR) transport mode in
which drone pickup assists HSR express, this paper investigated a collaborative optimization
method for “first-mile” cargo allocation and drone routing to improve overall logistics timeliness. A
bi-level programming model was constructed. The upper-level model addressed the dynamic
assignment problem of express parcels to HSR trains, with the objective of minimizing the waiting
time for parcel loading. The Gurobi solver was called to solve this problem. The lower-level model
was formulated as a drone routing problem with time windows and capacity constraints. With the
objective of minimizing the total drone flight time, a column generation algorithm combined with a
labeling method was applied to obtain an exact solution. Iterative collaborative optimization

between the upper-and lower-level models was achieved by transferring time windows and adding
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infeasibility cuts. A case study based on 75 departing trains from Beijing South Railway Station and

257 simulated express parcels shows that when parcels are transported in hourly batches, the

average waiting time for parcel loading is approximately 34 minutes, and the average flight time per

drone sortie is approximately 18 minutes, quantifying the efficiency of drone pickup. When train

capacity per time slot increases from 5 to 10 units, total waiting time is reduced by 14.3% with only

one additional drone flight, demonstrating the model’s effectiveness in balancing timeliness and

resource utilization. Multi-scenario comparisons and algorithm verification underline the value of

this study in supporting the collaborative operation of the “first mile” in HSR express.

Keywords: High Speed Railway Express; Low-Altitude Economy; Route Optimization; First Mile;

Column Generation Algorithm
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Fig.2  Flowchart of bilevel programming master algorithm
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Fig.5 Drone route optimization results under baseline scenario
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