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Abstract :  An automated lifiing vehicle(ALV) used in an automated container terminal is a type of unmanned vehicle that can self-lift
a container as well as self-transport it to a destination. To operate a fleet of ALVs efliciently, one needs to be able to determine a
minimum-time route to a given destination whenever an ALV is to start its transport job. To find a route free from any collision or
deadlock, the occupation time of the ALV on each segment of the route should be carefilly scheduled to avoid any such hazard. However,
1t 1s not easy because not only the travel times of ALVs are uncertain due to trafiic condition but also the operation times of cranes en
route are not predicted precisely. In this paper, we propose a routing method based on an ant colony optimization algorithm that takes
Into account these uncertainties. The result of simulation experiment shows that the proposed method can eflectively find good routes
under uncertainty.

Key words : Automated lifiing vehicle, Routing, Uncertainty, Ant colony optimization, Simulation
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Table 1 Conditions for nonexpandable nodes

1. Visited node
2. Destination node of other ALV

3. Physically immovable node from current node
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Table 2 Terminal configuration
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Parameter [ Value AN B FA A7l oo AYE ¢ & stk
Number of berth 3
Number of QCs per berth 3 Table 4 Average travel time between different TP
Number of TPs per QC 3 reservation methods
Number of blocks per berth 7 .
Number of TPs per block 4 : : Unit:_seconds
Number of vertical lanes per berth 42 Number Strict Conservative Exact
Total number of nodes 641 of ALVs | reservation reservation reservation
12 112.90 124.76 116.62
Table 3 ALV specification 18 123.63 139.86 128.28
24 138.49 158.36 146.56
Straight Rotational . . 30 155.66 177.98 164.86
Acceleration Deceleration
speed speed
6 m/s 2 m/s 0.64 m/s? 155 m/s?
Table 5 Average waiting time on TP between different TP
reservation methods
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Table 6 Average travel distance between different TP
reservation methods

Unit: meters

Number Strict Conservative Exact

of ALVs | reservation reservation reservation
12 383.32 384.82 384.85
18 383.10 381.60 381.81
24 386.36 384.21 386.09
30 390.42 384.94 389.85
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Table 7 parameter values of ACO algorithm

Parameter Value
«(exponential value of 1
pheromone)
B(exponential value of 1
expected travel time)
p(evaporation ratio of 005
pheromone)
Number of ants 7
Time limit of the routing 0.5/1/2/3/4/5
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Table 8 Average travel time of ACO algorithm between
different time for search

Unit: seconds

Time Travel time(exclude Travel time(include
limit routing time) routing time)
0.5 161.63 162.07

1 159.44 160.14

2 158.45 160.74

3 158.72 161.85

4 160.16 164.89

5 162.71 169.13

Table 9 Average travel time between different graph
search algorithms(exclude routing time
from travel time)

Unit: seconds

Number of ALVs ACO A
12 113.05 112.90
18 125.56 125.33
24 141.28 140.10
30 158.45 154.57
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Table 10 Average travel time between different graph
search  algorithms(include  routing
time into travel time)

Unit: seconds

Number of ALVs ACO A
12 113.77 113.42
18 127.16 126.31
24 142.22 145.35
30 160.14 168.87

Table 11 Average waiting time for routing between
different graph search algorithms

Unit: seconds

Number of ALVs ACO A
12 1.02 0.52
18 1.05 0.98
24 1.08 5.25
30 1.12 13.42
5 Z 8
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