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Research on Multi-Objective Route Optimization of Cold Chain
Road-Rail Intermodal Transportation Considering Reliability
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(College of Traffic & Transportation, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: [Objective] In order to ensure the timely arrival of goods and enhance the reliability of cold chain
road- rail intermodal transport, this paper addresses path optimization under conditions of varying demand.
[ Method ] The concept of path time reliability was introduced under uncertain time conditions, with the reliability
of a route scheme defined as the minimum time reliability of all paths. A multi-objective optimization model was
constructed with the goals of minimizing total transportation cost, minimizing carbon emissions, and maximizing
reliability. The model was solved using the NSGA-II combined with an elite strategy to compute examples, ana-
lyzing the effects of different reliability strategies and uncertain timing on route optimization. [ Result] The opti-
mized model focused on reliability achieves an average reliability close to 0.9, with a broader distribution of Pa-
reto solutions. The impact of uncertain road transportation time on reliability is more significant compared to un-
certain waiting transfer times. [ Conclusion ] The optimization model proposed in this paper effectively provides
high-reliability paths to meet the needs of different carriers.
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Tab.1 Transportation distance between nodes by road and rail km
Node pair Highway Railway Node pair Highway Railway
Node 1—Node 2 839 938 Node 6—Node 11 791 923
Node 1—Node 3 824 924 Node 7—Node 9 446 668
Node 1—Node 4 1328 1679 Node 7—Node 10 852 976
Node 1—Node 5 1877 2254 Node 8—Node 10 550 516
Node 2—Node 6 292 283 Node 9—Node 10 510 514
Node 2—Node 7 407 495 Node 9—Node 11 479 511
Node 3—Node 7 320 357 Node 9—Node 12 503 670
Node 4—Node 7 352 393 Node 10—Node 13 324 394
Node 4—Node 8 570 837 Node 11—Node 14 710 790
Node 5—Node 8 304 301 Node 12—Node 14 677 733
Node 6—Node 9 417 412 Node 13—Node 14 578 776
Tab.2 List of transportation requirements
0 d Container/TEU t! a” [a",b"] G/[kCal/(TEU- h)]
Node 1 Node 14 12 4 39 [44,64] 630.49
Node 13 Node 2 15 2 27 [32,52] 335.87
Node 1 Node 11 12 8 33 [43,63] 630.49
Node 13 Node 1 15 5 30 [40,60] 335.87

=3 ERSH
Tab.3 Parameters of the model

*4 BHAXNSH
Tab.4 Parameters of transportation mode

Parameters Value Parameters Value
1" 0.2 /TEU & 150 yuan/TEU
e 0.567 kg/TEU e’ 11.01 kg/h
¢ 1 yuan/kCal g 50 yuan/(TEU- h)
T 35 TEU T 25 TEU

Unit carbon

Transport  Average Tariff rate/ ..
mode  speed/(km/h) [yuan/(km- TEU)] emission/
[keg/(TEU- km)]
Highway 80 7.818 0.48
Railway 60 4.140 0.12
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Tab.5 Average objective function value for
frontier solutions

Algorithm Average total Average total carbon Average

cost/yuan emissions/kg reliability
NSGA 1883114 31192 0.8393
NSGA- Il 1734 802 31 647 0.892 8
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Fig. 2 Iterative curve of the average cost of
the frontier solution
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Tab.6 Data on selected frontier solutions

Total cost/ Total Percentage

Solution carbon  Reliability of railroad
emissions/kg mileage
Solution 6 1883 112 24 404 08600  0.8254
Solution 18 1673591 43 926 0.793 3 0.2882
Solution22 1699192 40 128 1.0000  0.393 1
Average value 1 734 802 31 647 0.892 8 0.627 5

®7 WEIRENEREESE
Tab.7 Mean values of data for the bi-objective
frontier solutions

Total Total carbon Reliab- Percentage
Strategy cost/

o ... ofrailroad
emissions/kg ility .
yuan mileage

Asaconstraint 1795173 19938 09933 0.8977
Non-consideration 1 715257 29341 0.7794 0.6595
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Fig. 4 Impact of road-to-rail wait time
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