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Fig. 1 Schematic diagram of automatic container terminal and AGV transportation
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Fig. 2 Chromosomal coding representation
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Fig. 3

Framework of calculating the objective function
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Fig. 4 Mutation operation of 10 containers and 4 AGVs
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Fig.5 Crossover operation of 10 containers and 4 AGVs
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Tab.1 Results of small-scale problem

L e e s A A CPLEX DE ‘ 0
WG R IX-AG V- A - - - - GAP1/%
FHIE /s W EE] /s FHE /s TR E /s

1 2-4-4-10 611 1.18 614. 6 0. 24 0. 59

2 2-4-4-12 722 6. 25 732.5 0.28 1. 45

3 2-4-4-16 975.4 96. 12 1001.8 0.35 2.71

4 2-4-8-12 706. 2 17.72 713 0.27 0.99

5 2-4-8-16 941. 8 236. 80 964. 6 0.35 2.42

6 2-4-8-20 - — 1223.2 0. 42

DE V-4 { — CPLEX V- ¥1{4
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1 :GAPl1= X100%
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Tab. 2 Results of large-scale problem

SIS R X -AGV- AR B/ A D oA GAP2/%
EHME/s mRAE/s AREZE/s CE¥ME/s mIEE/s  bRfEE/s

7 2-4-4-50 3357.2  3293.3  49.9  3557.2 34575  68.5 562

8 2-4-8-50 3148.4 31183  25.8  3280.3 31586 940 4.2

9 2-4-12-50 3045.2 30049  36.0 31200 30141  68.6  2.38
10 2-4-4-100 74345 7337.8  67.1  7833.3 7T548.4 2183 509
11 2-4-8-100 6818.3 6727.9  68.2 70745 69227  109.0  3.62
12 2-4-12-100 6570.0 65017  58.6 68913 6686.8 150.6  4.67
13 2-6-8-100 6452.4  6370.1 547 65414 63960 1133  1.36
14 2-6-12-100 6228.9 6177.3  40.1 64328 62719 923  3.17
15 2-4-8-150 10718.1 105389 1148  11130.4 10776.8  269.2 3.7
16 2-4-12-150 10276.0 10136.7  85.2 10866.2 104844  264.8  5.43
17 2-6-8-150 9783.8 9683.1  76.1  9947.7 97675 1543 1.6
18 2-6-12-150 9470.3  9369.7  73.6 96831 95231 123.3  2.20
19 2-4-8-200 14674.7 144265 1551 152053 14868.5  260.9  3.49
20 2-4-12-200 141025 13806.4 1710  14650.3 14249.2  253.1  3.74
21 2-6-8-200 136579 13539.1  90.7 137831 135181 190.6  0.91
22 2-6-12-200 13117.5 12979.0  10L.2  13406.6 13217.4 1620  2.13
i GApz— G4 $fﬁ£§%$mﬁ X100%

W 5 8 2 R 2 D 5 ) 36 AR M R 8] o R 3 0 SR 1 e A AR Ml iRk TR, — T T AT A A ol A YRR
S 7~9 FIEf] 10~12 23 B Al LLF B4 AGV B8 iT AR = 30R B2 id 2 59 AGV 80 XML 30R /Y
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Tab.3 AGV waiting times of instances No. 7 to No. 12

. PP ~ —
;2 Eg;i? 4;/\(’;' SEPEREEL s TR /s ;zj E;ﬁ? ;ﬁl’\v' SR T R /s
7 2-4-4-50 3592 898 10 2-4-4-100 6 791 1698
8 2-4-8-50 8 082 1010 11 2-4-8-100 15 873 1984
9 2-4-12-50 15 425 1 285 12 2-4-12-100 30 516 2 543
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Operations Research and Cybernetics

AGYV Scheduling in Automated Container Terminal Based on Differential Evolution Algorithm

PAN Yingxin', BAI Danyu’, ZENG Qingcheng’, XIE Chenxi’, CHEN Zhouhao®

(1. School of Transportation Engineering, Dalian Maritime University;
2. School of Maritime Economics & Management, Dalian Maritime University, Dalian 116026, China)
Abstract: [ Purposes ] Automated guided vehicle ( AGV) is the horizontal transportation equipment of the automated container
terminal. The optimization of AGVs’ scheduling can save the time of loading and unloading operations and improve the terminal
production efficiency. [ Methods ] It establishes a mixed integer programming (MIP) model with the objective to minimize the
makespan of quay crane given loading and unloading operations simultaneously and the container operation sequence in horizontal
transportation of automated container terminal. For this NP-hard problem, a differential evolution algorithm is designed to handle
the problem. [Findings|Numerical simulations are conducted to show the effectiveness of the proposed MIP model and algorithm.
[ Conclusions ] The results show that the model and algorithm can provide help for the scheduling of loading and unloading operations
in container terminal.

Keywords: automated container terminal; AGV scheduling; differential evolution algorithm
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