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Abstract

The development of autonomous ships has been growing worldwide. The National Maritime Research Institute (NMRI) has
also been developing various elemental technologies for autonomous ships using a small experimental ship "Shinpo." To
implement such new technologies in the real world, it is essential to evaluate their safety. Conventional risk analysis typically
focuses on the physical aspects of the equipment and functions. However, in the case of an autonomous ship, the operations of
the autonomous system involve complicated relationships between the hardware, software, and humans. Failures of their
interactions might cause a severe accident. Thus, the effects of their interactions need to be considered when performing risk
analysis for autonomous ships. We previously developed a modeling method that illustrates the objects, tasks, and interactions
that comprise autonomous ships, which can be used in conjunction with existing hazard identification (HAZID) techniques.
Then, we also proposed a task-based HAZID technique that focuses on the tasks of autonomous ships. These risk analysis
methods target the static aspects of the functions and tasks of autonomous ships. Meanwhile, dynamic aspects such as the
sequence and timing of function execution and the duration of tasks on autonomous ships can be significant hazards. Therefore,
to analyze the dynamic aspects, we have proposed a dynamic task-based HAZID technique that uses task flow diagrams. In
this paper, we report the results of risk analysis for a remote waypoint operation aimed at improving the safety of the

autonomous operation of Shinpo.
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