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Abstract

With the development of reverse logistics, the Vehicle Routing Problem with Simultaneous Pickup
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and Delivery (VRPSDP) has become a frequent research focus in the field of logistics transportation.
Although many studies have made relevant progress, existing literature lacks a synergistic consid-
eration between the flexibility of three-dimensional loading schemes for customers with complex
demands and the optimization of delivery routes. To enhance the synergy between loading and rout-
ing in the simultaneous pickup and delivery problem, this paper achieves comprehensive optimiza-
tion of vehicle loading and route planning under deterministic demand scenarios through customer
clustering analysis and effective utilization of vehicle space, thereby improving the applicability of
the integrated pickup and delivery problem, which holds significant practical implications. This pa-
per proposes a three-stage framework (CLR-VRPSDP) that integrates customer clustering, route plan-
ning, and loading scheme optimization to generate optimal loading and delivery routes, efficiently
satisfying the demands of customers with multiple types of requirements. A series of experiments
is conducted using randomly generated small- and medium-scale test sets to validate the effective-
ness of the proposed approach. Experimental results demonstrate that this method significantly
outperforms other approaches in terms of effectiveness and resource utilization.
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Figure 1. Distribution of customer locations (N = 50)
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Figure 2. The algorithm path diagram of this article (N = 50)
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Figure 3. Schematic diagram of the pickup and delivery separation service route using genetic algorithm Delivery route (left)
Pickup Route (Right)
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Figure 4. Schematic diagram of the pickup and delivery separation service route using particle swarm algorithm Delivery
route (left) Pickup route (Right)
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Figure 5. Schematic diagram of the pickup and delivery separation service route using simulated annealing algorithm Delivery
route (left) Pickup route (Right)
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