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ABSTRACT : The outbound containers in a container terminal are classified into a few groups by their weights and stacked separately
in a yard for easy and efficient handling. In order to maintain the balance of a ship during loading, containers of heavier weight groups should
be fetched out of a yard and loaded onto the ship before those of lighter weight groups. However, the weight information used to determine
the weight group is usually imprecise. Therefore stacks will actually be filled with mixture of different weight groups and rebandlings are
unavoidable during loading operation This paper presents a method for estimating the number of rehandlings caused by imprecise
information and a scheme for generating a simple but efficient slot assignment rule. Experiments have shown that a rule generated by the
proposed method can reduce the number of rehandlings by about 20% compared to the traditional slot assignment method which stacks only
the containers of the same weight group in a single stack
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Fig. 1 Work flow of outbound containers in a container
terminal yard
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Fig. 2 An example of yard storage plan
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Fig. 3 States of a bay before and after obtaining true
container weight information
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Table 1 Accuracies of container weight information

Zdely 27 A aF8 8=
203 E 69.3%
403 E 64.8%

Table 2 A confusion matrix for 20 feet containers

2541 2 e

aE L (200%) | M (23.1%) | H (56.9%)
L (139%) 11.1% 1.9% 0.9%
M (39.7%) 71% 17.4% 15.2%
H (46.4%) 1.8% 38% 40.8%

Table 3 A confusion matrix for 40 feet containers

TFA FA ArL 84 2F

aF L (242%) | M (462%) | H (29.6%)
L (139%) 9.6% 3.8% 0.5%
M (59.9%) 12.8% 36.6% 10.5%
H (26.2%) 1.8% 58% 186%
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Fig. 4 Sequence of a bay state as containers are fetched
out for loading
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Table 4 An example of a confusion matrix in which the
values of each weight group are normalized
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aF L (333%) | M (33.3%) | H (33.3%)
L (33.3%) 60% 20% 20%
M (33.3%) 30% 50% 20%
H (33.3%) 10% 30% 60%
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Fig. 5 Twenty—seven possible state of stacking with three
containers
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Table 5 Estimated probability of rehandling for a
container for various number of tiers
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Table 6 An example of a slot allocation rule
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Table 7 Expected number of rehandlings for 20 feet

containers
- o] M3 Classic ppP Ak Bt
4 69 (2170) 359 | 303 (157%) | 265 (26.29%)
49 69 (2471) 449 401 (106%) | 365 (186%)
69 99 (4971) 11041 983 (105%) | 822 (25.6%)
6d 9 (5471) 12741 1202 (5.7%) | 10.08 (20.9%)

Table 8 Expected number of rehandlings for 40 feet
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4T 649 (210 502 408 (187%) | 398 (20.7%)
49 68 (2470) 631 529 (161%) | 529 (16.2%)
6 94 (497) 1591 | 1368 (14.0%) | 1258 (20.9%)
6 94 (547)) 1852 | 1637 (11.6%) | 1504 (18.8%)
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