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A Simulation Study on the Deadlock of a Rail-Based Container Transport System
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Abstract - In this study, the focus is on the issue of whether a container terminal is facing the limitation of its productivity for serving
mega-vessels with numerous containers. In order to enhance the terminal operations, a new conceptual design of the container handling
system have been proposed. This research focuses on the rail-based container transport system and its operations. This system consists
of rail-based shuttle cranes and rail-based transporters called flatcars. The deadlock problem for managing automated transporters in
container terminals has been an important issue or a long measurement of time. Therefore, this study defines the deadlock situation and
proposes its avoidance rules at the rail-based container transport system, which is required to handle numerous container throughput
operations. The deadlock in the rail-based container transport system is classified into two parts. deadlock between cranes and fatcars;
deadlock between flatcars. We developed the simulation model for use with characterizing and analyzing the rail-based container transport
system. By running the simulation, we derived possible deadlock situations, and propose the several deadlock avoidance algorithms to
provide results for these identified situations. In the simulation experiments, the performances of the deadlock avoidance algorithms are
compared according to the frequency of deadlocks as noted in the simulations.
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Fig. 1 Rail-based container terminal (top view) and a flatcar
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Fig. 2 Rail-based container terminal (side view)
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Deadlock
Type

WDTP, MNFL, VRR

Deadlock
Time(days)

__[L
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Deadlock
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Table 2 Simulation results of the proposed deadlock avoidance rules
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Table 3 Simulation results of the proposed deadlock avoidance rules for various numbers the number of flatcars

No. of Random TP WDTP WDTP, MNFL WDTP, MNFL, VRR
fla t.cars Deadlock Deadlock Deadlock Deadlock Deadlock Deadlock Deadlock Deadlock
Time(days) Type Time(days) Type Time(days) Type Time(days) Type
3 86.53 1 - - - - - -
4 767 1 110.95 1 - - - -
5 1 1 16.1 1 27.16 3 - -
6 0.96 1 1.53 1 21.43 2 - -
7 0.92 1 1.43 1 3.64 2 - -
5.8 E =z 7
2 AFol e AEAA Sl ddrNE HAE oy EHuldo o] =2 016 % St AFAT FAFEAI ] A P&
A &8d 7 v olFALERl HYUINE FATF Ala"e ol AFESE (NRF-2016K1A3A1A48954044).
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