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Research on Multi-type Vehicle Loading and Outsourcing Strategy Based on

Volume—Weight Ratio
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Abstract: To address the imbalance in weight—volume resource utilization and the difficulty of coordinating
vehicle loading and outsourcing decisions in multi-type vehicle transportation, a multi-type vehicle loading
optimization method considering outsourcing is proposed. Cargo items are represented as two-dimensional
weight—volume vectors, and a total-cost-minimization model is established. A genetic algorithm—dynamic
volume—weight ratio decoding algorithm is proposed. The outer layer uses binary chromosomes to search for in-
house and outsourced transportation decisions, while the inner layer constructs vehicle activation and cargo
loading schemes according to vehicle operating costs and dynamic volume—weight ratios. For random instances
with #=10, 20, and 30, the algorithm yields solutions with relative deviations of no more than 0.84% from the
Gurobi optimal solutions, and the result for n=10 coincides with the Gurobi optimal solution. In the enterprise
case, allowing outsourcing reduces the total cost by 14.67% and decreases the number of activated vehicles from
13 to 5. The proposed algorithm coordinates in-house loading and outsourcing decisions, improves vehicle
resource allocation efficiency, and supports transportation cost reduction and operational decision-making.
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Fig.1 Overall framework of the GA-dynamic volume—weight ratio decoding algorithm
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Fig.2 Schematic diagram of the encoding of transportation decisions
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Tab.2 Comparison of solution results of different algorithms under random instances
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Fig.3 Convergence curves of the proposed algorithm for random instances of different scales
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Tab.4 Goods information

B g/t ov/md o | Fe g/t ov/mt o | Fs g/t vi/m® R
1 1.90 2.00 2 21 0.57 4.90 2 41 0.84 7.60 3
2 1.00 18.00 1 22 0.55 2.10 2 42 0.23 2.10 3
3 0.20 0.60 8 23 0.15 3.60 3 43 0.90 7.50 3
4 2.30 12.00 1 24 0.10 1.00 8 44 0.32 1.50 4
5 0.15 1.20 6 25 2.10 10.00 2 45 0.80 2.90 2
6 0.05 1.50 3 26 0.14 1.00 6 46 0.08 0.90 5
7 1.60 3.00 2 27 0.10 0.20 10 47 0.08 1.00 10
8 2.00 0.50 10 28 0.40 0.80 9 48 0.10 1.20 8
9 0.21 1.00 8 29 1.70 5.20 6 49 0.15 1.50 5
10 0.10 1.60 5 30 0.10 1.80 7 50 2.60 1.00
11 1.00 8.20 2 31 0.12 0.20 6 51 0.32 0.80 10
12 0.20 3.50 3 32 0.76 3.60 3 52 0.32 0.50 3
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Tab.S Comparison of vehicle loading schemes with and without outsourcing
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