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Safety Evaluation for Autonomous / Unmanned Vessels

with Comprehensive Simulation System

by

MINAMI Makiko

Abstract

Interest in autonomous and unmanned vessels has been growing, and efforts are underway in Japan to realize autonomous
and unmanned vessels. The automation and unmanned operation of ships is expected to improve safety by reducing
accidents caused by human error with the assistance of automated systems. In addition, automation technology is also
expected to reduce the workload in order to cope with the aging and decreasing number of seafarers. Navigating autonomous
and unmanned vessels requires technological development as well as social acceptance. To this end, it is necessary to
demonstrate that autonomous vessels are safe, i.e., that the assumed risks are controlled to an acceptable level. The National
Maritime Research Institute (NMRI) has been studying safety evaluation methods for autonomous vessels and developing
a simulation system to be used as an evaluation tool. This paper introduces a comprehensive simulation system, including

a ship-handling simulator, and the evaluation method using the simulation system.
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Task: ID and risk evaluation of the hazardous scenarios of the MASS

ID:Identification
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Taskl: ID of the hazardous scenarios
of the MASS related to system
perforrlnance

v
Task2: ID of the hazardous scenarios
of the MASS related to user system
interaction

Task3: ID of the hazardous scenarios
of the MASS related to cybersecurity

[
< Strategy: Analysis based >

1
< Strategy: Operation based >

safety evaluation

Strategy: Scenarlo based
safety evaluatlon

Strategy: System based
safety evaluatlon

5|mulator test

safety evaluation

Strategy: Shlp handling >

Task1.1: Scenanos based

Taskl1.2: System based safety

Task1.3: Event response

safety evaluation evaluation evaluation
i 1
Strategy: ID via analysis + Strategy:
verification / falsification via tests ID via explorative approach

Task1.1.1: ID and risk evaluation of
potential hazardous scenario via
analysis of the scenario space

Task1.1.2: Set of testcases cover a relevant part of the scenario space in
search for unknown hazardous scenarios. Newly identified hazardous
scenarios are evaluated concerning their risk.
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Visual Cylindrical screen r=6.5m, Field of view
system (Hx V) 360deg. x 30deg.
Screen for downward view
Bridge Overhead Panel (Main engine RPM,
Speed indicator, Rudder angle indicator,
Wind  direction/anemometer,  clock,
inclinometer, etc.)
Radar x 2, ECDIS, Steering stand,
Repeater compass, Navigation console,
Chart table, Binoculars, etc.
Reproduction Time changeover without steps (day,
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Ship's Lights and Shapes
Characteristics of light of AtoN
Weather (including restricted visibility
due to fog) etc.
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