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Research on Multi-objective Path Optimization of Highway—Railway—
Waterway Multimodal Transport Under Uncertain Conditions

Yang Luojun,Zhang Cheng, Guo Junhua

(School of Transportation Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: In the development of modern logistics, the timeliness and cost of multimodal transport are factors that
cannot be ignored. Aiming at the transportation goal of highway-railway—waterway multimodal transport, this pa-
per mainly studies the path optimization problem of green multimodal transport when the dual uncertainties of
transportation time and transit time follow random distribution. The multi—objective optimization model of green
multimodal transport path under the dual uncertainties of transportation time and transit time is established with
transportation time, transportation route distance and transportation cost as objective functions and carbon emis-
sions as constraints. Accordingly, fuzzy adaptive genetic algorithm and fast non—dominated sorting genetic algo-
rithm (NSGA-1II) are used to design the multimodal transport path optimization strategy. Finally, the path data
from Nanchang to Berlin is used to verify the effectiveness of the proposed method and the results are compared
and analyzed. This paper finds that the multi—objective optimization results based on NSGA - II algorithm are
better, which can guide the multimodal operators to adjust the transportation plans and reduce the emission of

carbon dioxide, providing reference for logistics enterprises to carry out multimodal transportation.
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Tab.1 Transit time, cost and energy consumption

Transit . Transit energy
. . Transit cost .
Transit mode time (yuan/box) consumption
(hbox) Y (kg/box)
Railway—highway 0.5 195
4.025
Railway—waterway 1.0 275
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Tab.2 Transport mileage of some sections of each mode
of transportation km

Originating  Arrival Transit mileage

node node

Railway Highway  Waterway
Wuhan 358 334 479
Huaihua 142 385 -
Chongqing 954 901 -
Nanchang Guangzhou 706 670 -
Shanghai 1199 1 054 -
Nanjing 887 587 -
Changsha 582 626 -
Zhengzhou 536 514 -
Xi'an 1 047 740 -
Wuhan
Chongqing 871 866 1 286
Shanghai 1230 820 1043
Chongging 1 094 1 041 -
Huaihua 356 385 -
Changsha
Hangzhou 927 916 -
Nanning 922 818 -
Jinan 640 639 -
Nanjing ~ Zhengzhou 356 698 -
Wuhan 465 537 -
Qingdao 393 366 -
Harbin 1 486 1583 -
Jinan
Zhengzhou 380 413 -
Wuhan 976 842 -
Shenyang 1474 1187 -
Qingdao
Harbin 1985 1732 -
Changsha 1 094 1 041 -
Huaihua 602 602 -
Chongqing  Chengdu 302 300 742
Xi'an 728 710 -
Guiyang 339 406 -
Yanji 709 666 -
Shenyang
Changchun 305 289 -
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Fig.6 FAGA algorithm to optimize Nanchang— Berlin
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Tab.3 FAGA algorithm for optimizing the optimal path
of multimodal transportation

Cityl Transit mode City2
Nanchang Railway Nanjing
Nanjing Railway Zhengzhou
Zhengzhou Railway Xi'an
Xi'an Railway Huaihua
Huaihua Highway Guiyang
Guiyang Railway Nanning
Nanning Railway Hainan
Hainan Railway Taipei
Taipei Railway Beihai
Beihai Highway Kunming
Kunming Railway Guangzhou
Guangzhou Railway Shanghai
Shanghai Railway Manzhouli
Manzhouli Railway Yakutsk
Yakutsk Railway Erenhot
Erenhot Railway Alashankou
Alashankou Highway Kashgar
Kashgar Railway Gwadar
Gwadar Railway Yangon
Yangon Highway Bangkok
Bangkok Highway Ho Chi Minh
Ho Chi Minh Waterway Singapore
Singapore Waterway Rotterdam
Rotterdam Railway Hamburg
Hamburg Railway Warsaw
Warsaw Waterway Volgograd
Volgograd Highway Minsk
Minsk Waterway Kip
Kip Railway Vinnitsa
Vinnitsa Waterway Katowice
Katowice Waterway Berlin
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Fig.8 NSGA-1I algorithm optimization of multimodal
transportation network from Nanchang to Berlin



55 4 4 B, A5 AN SRR A BOK 2 A2 £ AR AR AL TS 63

F4 NSGA-NIHEZEMRUZKBRIEZRMKE
Tab.4 NSGA-II algorithm for optimizing the optimal
path of multimodal transportation

Cityl Transit mode City2
Nanchang Railway Wuhan
Wuhan Railway Zhengzhou
Zhengzhou Railway Chongging
Chongging Railway Huaihua
Huaihua Railway Nanning
Nanning Highway Hainan
Hainan Railway Taipei
Taipei Railway Beihai
Beihai Highway Kunming
Kunming Railway Guangzhou
Guangzhou Highway Shanghai
Shanghai Railway Manzhouli
Manzhouli Railway Yakutsk
Yakutsk Railway Erenhot
Erenhot Railway Alashankou
Alashankou Highway Kashgar
Kashgar Railway Gwadar
Gwadar Railway Yangon
Yangon Highway Bangkok
Bangkok Railway Singapore
Singapore Waterway Rotterdam
Rotterdam Railway Hamburg
Hamburg Railway Warsaw
Warsaw Waterway Volgograd
Volgograd Highway Minsk
Minsk Waterway Kip
Kip Railway Vinnitsa
Vinnitsa Waterway Katowice
Katowice Waterway Berlin
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Fig.9 The relationship between the number of iterations of
NSGA-1I algorithm and the number of Pareto solution sets
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Fig.10 The relationship between the number of iterations of
NSGA-1I algorithm and the number of Pareto solution sets
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Tab.5 Three—objective optimizing results of NSGA-1I

2 5 0 UL NSGA- I 53 32 19 55 1 ik 7 32 i A
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algorithm
Target Transit . Transit T'ransit
cost/yuan  distance/km time/h
NSGA-1I algorithm 12 573.4 53 515.7 184.85
FAGA algorithm 14 182.9 55 758.1 108.24
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