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Abstract: This paper researches on a continuous berth and quay crane allocation problem for low carbon
container terminal. Considering the constraints of stochastic arrival time and limited truck transportation
ability, a multi-objective nonlinear mixed integer programming model is established to minimize carbon
emissions and average delay time. An efficient non-dominate sorting genetic algorithm Il (ENSGA-II) is
designed to deal with this problem. According to the characteristics of the problem, encoding rule and
decoding rule based on rolling-horizon simulation, PPX crossover operator with elite selection, multi
constraints mutation operator and repair operator are adopted. The results of several simulation
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Moreover, it's suitable for solving integrated berth and quay crane allocation problem.

Keywords
low carbon, berth and quay crane allocation, multi-objective, ENSGA-II, simulation

Recommended Citation
Wang Xu, Liu Shixin, Zhang Ruiyou, Wang Jia. Integrated Berth and Quay Crane Allocation Multi-objective
Algorithm for Container Terminal[J]. Journal of System Simulation, 2018, 30(3): 1178-1189.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol30/iss3/51


https://dc-china-simulation.researchcommons.org/journal/vol30/iss3/51
https://dc-china-simulation.researchcommons.org/journal/vol30/iss3/51

Xu et al.: Integrated Berth and Quay Crane Allocation Multi-objective Algori

H30HHE3 W RGN EEIRO Vol. 30 No. 3
2018 4F 3 A Journal of System Simulation Mar., 2018

RIFEFF IR BAL-FHR B L HirH %

Ee 2, 2B, KIMA S, TS
(LTI EE TR A T, 225 066102; 2 400 K5 (5 BRHE 5 LREB R TR G A S E K E LS55, kB 110819;
3ARIERHFZRE RN RAT B, F55E 066004)

T, APt IR A ALk 2E 40040 - RN BL 19 RR, £ /B Z AT 1] A& M For e F12 50 FE 0 =2
JRFZ2) %, T TR NIEHAAGE S AT IGZE L BT 5] 35 F #7689 Z B F77F 214 5T o B3 % A
RN 25 ZFE % BEHEF 197 1% B 2% (Efficient Non-dominate Sort Genetic Alogrithmll, ENSGA-II) %7 #2%/
HITRIE. ATV IR 4F B, KA T 4 #ER AN Fo e FIR S 15 B b9 BEABALNY . 45 FE 4 #F49 PPX
RRXFF ZHRTFERETATRTTREEGZFL T, B S AR RKFBIA FR AT, FRER
% 9: 5 NSGA-II ## MNSGA-II A8 tt, ENSGA-II #8beik I3 HEM, EARMAL A,
KRB KK, AL AR EL; % B AF; ENSGA-I; A

W3S TP391 RRAR RIS : A WEERS . 1004-731X (2018) 03-1178-12

DOI: 10.16182/j.issn1004731x.joss.201803051

Integrated Berth and Quay Crane Allocation Multi-objective
Algorithm for Container Terminal

Wang Xu'?, Liu Shixin®, Zhang Ruiyou®, Wang Jia®

(1.School of Economics, Hebei University of Environmental Engineering, Qinhuangdao 066102, China; 2.College of Information Science &
Engineering, Northeastern University, State Key Laboratory of Synthetical Automation for Process Industries, Shenyang 110819, China; 3.School of
Economics, Northeastern University at Qinhuangdao, Qinhuangdao 066004, China)

Abstract: This paper researches on a continuous berth and quay crane allocation problem for low carbon
container terminal. Considering the constraints of stochastic arrival time and limited truck transportation
ability, a multi-objective nonlinear mixed integer programming model is established to minimize carbon
emissions and average delay time. An efficient non-dominate sorting genetic algorithm Il (ENSGA-II) is
designed to deal with this problem. According to the characteristics of the problem, encoding rule and
decoding rule based on rolling-horizon simulation, PPX crossover operator with elite selection, multi
constraints mutation operator and repair operator are adopted. The results of several simulation
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Tab. 3  Arrival ship data
e e REgcE BT RN Mgl R RN 'iJriélJFi*??% RO RHAUT RS
/m il BGE #Hih H/h MG MG A REREL IR ER)
1 100 200 2 24 16 3 1 3 0.09 1.7
2 300 1330 1 24 18 5 2 8 0.11 2.2
3 262 420 2 24 16 3 1 9 0.12 2.0
4 156 210 2 24 14 3 1 12 0.11 1.9
5 169 105 2 22 14 2 1 15 0.09 1.9
6 209 632 1 23 15 4 2 18 0.13 2.0
7 80 112 2 22 14 2 1 20 0.12 1.7
8 243 857 1 23 16 4 2 21 0.10 2.1
9 211 100 2 24 14 2 1 21 0.09 2.0
10 261 672 1 24 15 4 2 23 0.08 2.0
11 215 832 1 24 16 5 2 25 0.16 2.0
12 263 1080 1 24 16 3 1 27 0.08 2.1
13 136 475 2 22 16 3 1 28 0.08 1.8
14 100 153 2 22 16 2 1 28 0.11 1.7
15 164 390 2 23 14 3 1 30 0.10 1.8
16 143 400 2 24 16 4 2 30 0.09 1.8
17 128 207 1 23 15 3 1 32 0.12 1.7
18 183 590 1 24 16 5 2 33 0.10 1.9
19 294 555 2 24 14 4 2 34 0.11 2.2
20 156 369 1 24 15 4 1 36 0.09 1.8
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Fig. 2 Time-space chart for multi-objectives optimization
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Tab. 5 Comparison of experiment result on three algorithms

via C index
I FE O CFME beEE . BRIME BOEE
C(y, o) 1.0 0.0 1.0 1.0
10 C@y, B 1.0 0.0 1.0 1.0
C(a, y) 0.0 0.0 0.0 0.0
C(B, ) 0.0 0.0 0.0 0.0
C(y, a) 1.0 0.0 1.0 1.0
s C@y, B 1.0 0.0 1.0 1.0
C(a, p) 0.0 0.0 0.0 0.0
C(B, ) 0.0 0.0 0.0 0.0
C(y, a) 1.0 0.0 1.0 1.0
20 C@y, B 1.0 0.0 1.0 1.0
C(a, y) 0.0 0.0 0.0 0.0
C(B, ) 0.0 0.0 0.0 0.0

6 3 FIIEIRAT Pareto RARELE XS LL

Tab. 6 Comparison of experiment result on three algorithms
via Pareto fronts

U SNE CPHE bR RIME REH
a 14.46 1.26 12.20 16.16

10 s 14.44 1.50 12.01 16.39
Y 13.29 1.82 10.80 16.16
a 18.98 1.85 16.23 21.56

15 s 18.84 2.02 15.81 21.67
Y 17.87 1.85 15.03 20.54
a 23.05 2.41 19.45 26.55

20 s 22.68 2.64 18.59 26.65
Y 21.19 3.02 17.55 25.55
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