Development of Automated Ship Operation Technologies

Development of Automated Ship Operation Technologies
— MEGURI 2040 Unmanned Ship Demonstration Experiment Project —

Soichiro INOUE", Hideo MORI

1. INTRODUCTION

In the field of ship operation, technological development for ship operation support and automation together with the
registration and establishment of regulatory framework in the International Maritime Organization (IMO) are underway. In
coastal navigation in Japan, the advancing age of seafarers and difficulty of securing seafarers in the future are urgent issues,
therefore continuous efforts to improve safety, reduce the workload on crew and strengthen cost competitiveness are necessary.
To address these problems, various types of projects in connection with operation support and automated ship operation are
being carried out under lead of the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) and other organizations. As
part of those efforts, Mitsubishi Shipbuilding Co., Ltd. is participating in the Joint Technological Development Program for
Demonstration Experiments of Unmanned Ships with the Nippon Foundation.

Since the 1980s, Mitsubishi Shipbuilding has experience in commercializing support systems for ship operators called the
SUPER ASOS (Advanced Ship Operation Support System) and the Super Bridge-X. The target of the technological level in the
present demonstration experiment is the Class I level as defined in the Nippon Kaiji Kyokai (ClassNK) “Guidelines for Concept
Design of Automated Operation and Autonomous Operation.”. In the experiment, advanced technologies including AI, image
processing and utilization of cloud computing technologies will be installed on a large ferry, and automated operation
technologies will be developed and verified, aiming at unmanned ship operation. The category of development are as follows:

1) Automation of port entering and leaving and navigation

2) In-service engine room monitoring and land-based monitoring of operational information
2. SCOPE OF DEMONSTRATION EXPERIMENT

In this demonstration experiment, maneuvering experiments are being conducted with an automated ship with a crew on
board over a period of approximately 2 years from February 2020 to March 2022. Basically, development is being carried out
targeting the equivalent of level 2 in the above-mentioned ClassNK Guidelines, preconditioned on fallback operation by the
crew. A risk analysis is conducted by Class NK in the stage of system design, and the preconditions of operation, preparations
and the ODD for conducting a safe demonstration experiment is clarified. It is expected through this demonstration experiment,
clarification of the effectiveness of the functions developed for the experiment, their performance limits, and items for future
improvement will be identified.

The experiment will be carried out under various environmental conditions when entering and leaving port, navigating in
congested waters, and sailing in the open ocean, to verify the effectiveness and accuracy of the functions, system linkage among
various devices, ship motion control, influence of marine meteorology and weather conditions, telecommunications, engine

room monitoring and onshore monitoring.

3. EQUIPMENT

3.1 Outline of Ship
The ship is a large long-distance ferry used on a coastal route, and is equipped with a 2-shaft CPP in the propulsion system,

2 rudders and bow and stern side thrusters. Table 1 shows the principal particulars and main propulsion equipment.
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related functions of recognition of other ships, automatic collision avoidance and automatic berthing and unberthing, and the
function of remote monitoring for remote condition monitoring of the ship’s plant, which comprises the propulsion equipment
and its auxiliary equipment. In this project, prototypes of the various devices developed for the Smart Ferry System will be
installed, the effectiveness of each device in actual waters will be evaluated by a demonstration experiment, and the subjects for
development will be identified from the acquired data.

Table 2 shows an outline of the functions of developed devices.

Table 2 Outline of functions of developed devices in Smart Ferry System

Function Corresponding system Outline
Recognition of |Object Image Analysis Live video in front of the ship with multiple telescope and wide-angle cameras,
other ships System performs recognition of other ships, buoys and other objects by Al-based

image recognition of the acquired images, and displays the results on a
monitor. The direction, distance, velocity and heading direction of the detected
objects are calculated from the images and displayed.

Target recognition is strengthened in addition to radar and AIS.

Automatic ship | Automatic Maneuvering | Performs navigation tracking the planned course and time.

navigation System

Automatic ship | Automatic Maneuvering | Judges the necessity of collision avoidance corresponding to the operation
collision System mode (normal voyage, narrow waterway, etc.) based on the TCPA/DCPA
avoidance against other ships. The rectangular shape safety territories around the own
ship and other ships is taken into considered. In cases where collision
avoidance is necessary, the system calculate a collision avoidance course and
return course and issues rudder steering commands (speed reduction

commands if required).

Automatic ship | Autonomous Berthing Tracks the planned port entering and leaving courses by actuator control of the
berthing and Maneuvering System Al system, referring to high-accuracy GPS data and gyro data.

unberthing

Quay ranging | Quay Ranging System Calculates and displays the distance to the quay, the relative speed and the

relative angle by LiDAR units installed on the ship for the hazardous distance

and speed alarms.

Remote Fuel oil (FO) Leak Detects fuel leaks from piping by image analysis.

monitoring Detection System
Motor Condition Monitors the currents of motors and performs trend analysis. Used in anomaly
Monitoring System prediction and diagnosis of motors.
Onshore Monitoring Transmits maneuvering information, information on the engine section plant,
System including the above, and engine section alarms obtained in the ship to an

onshore office, etc. so the ship’s condition can be understood from the land
side. The accumulated data are used as data for ship anomaly prediction and

maintenance by long-term analysis.

5. FEATURES OF DEVELOPED TECHNOLOGIES

Development in a short term was achieved by integrating the newly developed equipment utilizing AI and image analysis
technologies and the ship’s normal equipment and devices, and also applying predictive diagnostic technologies owned by this

company and its group companies to the ship. The features of these technologies are described below.


















