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Fig.1 Diagram of the yard block’s layout
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Fig. 2 Time relationship of interference
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0 0 0 8 10 0 11 38
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3 0 0 1 13 0 41 34
4 1 22 41 14 1 31 0
5 0 41 19 15 0 41 3
6 1 13 0 16 0 0 11
7 0 0 20 17 0 0 26
8 1 19 41 18 0 0 1
9 1 12 0 19 1 13 0
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Tab. 2 Experiment for population size Tab. 4 Solution comparison between Gurobi and
FROEEMUBE  SEMURENEL/T, | FREERLED  SERURED/T, PRK-GA
10 1257 60 1275 Gurobi PRK-GA
HH X
20 1257 70 1261 B e N . ;
30 1264 80 1249 B/T,  BfE/s  B/Ty BHAE/s
40 1271 90 1254 Ino-1 23. 00 0.01  23.00 0.12 0
50 1259 100 1277 Io-2  35.00 0.01  35.00 0.12 0
I0-3  49.00 0.01  52.00 0.15 6.12
*£3 ZAMEFL R EY L LR Lo-4  66.00 0.07  68.00 0.12 3.03
Tab.3 Combined experiment for probability between T20-5 88.00 0.08 88.00 0.27 0
) I.0-6  106.00 0.52  125.00 0.24 17.92
crossover and mutation
I.0-7  122.00 1.06  125.00 0.21 2.46
Eiae) pe P SIS/ Ty SRR /s I-8  140.00 5.45 143.00  0.20 2. 14
1 0.1 0.1 1 264 2.95 Io-9  161.00 86.38 162.00 0.24 0.62
2 0.1 0.3 1 260 2.95 I-10 175.00 621.10 178.00 0.14 1.71
5 0.1 0.5 1257 2. 84 Ip-11  196.00 3 600.00 180.00 0.17 —8.16
A o 0.7 | 957 2 o6 Io-12  220.00 3 600.00 230.00 1.29 1.55
I:0-13  240.00 3 600.00  230.00 2.02 —4.17
5 0.3 0.1 1260 2.95
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6 0.3 0.3 1261 2. 86
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7 0.3 0.5 1275 3.04 Io-16  301.00 3600.00 374.00  1.11 24. 25
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11 0.5 0.5 1277 293 1:0-20 370.00 3 600.00 421.00 1.34 13.78
12 0.5 0.7 1264 2.99
13 0.7 0.1 1249 2.86 180 7
160
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Synchronous scheduling optimization for dual automated stacking crane
with interference at automated container terminals

WANG Yaozong, HU Zhihua”

( Logistics Research Center, Shanghai Maritime University, Shanghai 201306, China )

Abstract: Aiming at the interference problem in the operation of dual automated stacking crane, the
existing forms of interference are analyzed and defined. A mixed integer programming model for
synchronous scheduling of dual automated stacking crane is established to determine the distribution
of handling jobs and the sequence of each crane under the minimization of the makespan. The handling
process of each crane is depicted by state transition function. A priority-key genetic algorithm based
on task priority is proposed to solve the proposed optimization problem. Several numerical examples
with various scales are designed according to the feature parameters at real-world automated container
terminals for numerical experiment. The experimental results indicate that the proposed model
satisfies the constraints of synchronous scheduling. All the solutions are conflict-free scheduling,
which verifies the validity of the model. The results show that the solution of solving by proposed
algorithm can avoid interference and achieve synchronous scheduling. The reasonability and validity of
the algorithm are verified. In addition, this algorithm can effectively improve the solving rate of

optimization of scheduling for dual automated stacking crane with synchronous constraints.

Key words: automated container terminal; scheduling of dual cranes; interference; priority; genetic

algorithm



