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Research on Multi-Objective Path Optimization of Highway—Railway—
Waterway Multimodal Transport Under Uncertain Conditions
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(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, carbon emissions and transportation cost as objective functions and carbon emissions as con-
straints. Accordingly, fuzzy adaptive genetic algorithm and fast non—dominated sorting genetic algorithm (NSGA—
Il') 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- Il algorithm are better, which can
guide the multimodal operators to adjust the transportation plans and reduce the emission of carbon dioxide, pro-

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

Transit time/ Transit cost/ Transit energy

Transit mode consumption
(h/t) (yuan/t) (kg/t)
Railway—highway 0.25 97.5
Railway—waterway 0.5 137.5 2.012 5
Highway—waterway 0.35 115
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Fig.5 Multimodal transport network from Nanchang to Berlin
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Tab.2 Transport mileage of some sections of each mode
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Fig.6 FAGA algorithm to optimize Nanchang— Berlin multimodal transport network
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Tab.3 FAGA algorithm for optimizing the optimal path
of multimodal transportation

F4 NSGA-IEEZREXBRIERMEKE
Tab.4 NSGA-II 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

City1 Transit mode City2
Nanchang Railway Wuhan
Wuhan Railway Zhengzhou
Zhengzhou Railway Chongqing
Chongqing 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.8 NSGA-II algorithm optimization of multimodal transportation network from Nanchang to 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

K19 Fros, AT LA B30k Y fift 4R 4 A1 S 30 A B il
T LAY B bR s BUE /N i B, 1810
NSGA- Il Bk 7E 2 AR B2 v Pareto AL fiff 42 £ AN
BEARRE S R B, AT LA ) NSGA- I3 1 4>
B OB D B IN 18] N 35 30 Fh o B sl R AT
B WSO E

M1 2% 5 W] DL NSGA - [T 353 14 55 A ik 7 3 i ok
A HIE AN ] 3 AN B HAREAE T FAGA,
FAGA3 > H 5 s B AL — 1> 5 H AR R EOR 251710
AEI IXAERT 10, 10, w3 KANEESRDIR SSAEAE ENE

Fig.10 The relationship between the number of iterations of
NSGA-II algorithm and the number of Pareto solution sets
x5 NSGA-NEZMMHW=BRER
Tab.5 Three—objective optimizing results of NSGA- Il

algorithm
Transit ~ Carbon Transit Transit  Unit carbon
Target cost/ emis- time/h distance/ emissions/
(10* yuan) sions’kg me km  (kg/(t-km))

NSGA-TI 273.324 11998.01 15329 535157 0.0107
FAGA 264451 1171628 14159 55758.1 0.0105
IR AT B A3 R A e, WA — M A
el i 2 AR SR A BT T e, A is it 55 %
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