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Introduction 
 
1 The Nippon Foundation MEGURI 2040 Fully Autonomous Ship Program is leading 
the world in carrying out demonstration tests of fully autonomous navigation for coastal 
shipping, and through the success of these tests, seeks to create further opportunities for 
technological development in this field, promote innovation in Japan’s logistics, economy and 
social platforms, and support related technological development. 
 

 
 
The Nippon Foundation MEGURI 2040 Fully Autonomous Ship Program 
 
2 With Japan today experiencing a contracting and aging population, shortages of 
human resources are emerging in a wide variety of fields. Coastal shipping, with its challenging 
work environment, is no exception, and with more than half of coastal shipping crew members 
over the age of 50, this is becoming a major issue.  In addition, Japan has roughly 400 inhabited 
offshore islands, many of which are visited by ships only twice a day, in the morning and 
evening. Maintaining these offshore routes has therefore become a critical issue in the daily 
lives of those inhabitants. In addition, human error is said to be involved in 70-80% of maritime 
accidents, making accident reduction an issue as well. 
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Meaning of 'MEGURI 2040' 
 
3 Practical implementation of fully autonomous navigation will improve the flow of goods, 
people, costs, and traffic, thereby creating greater convenience. The program’s name conveys 
the concept of “Improving Japan’s circulation,” which is seen as the program’s main benefit, 
and the name “MEGURI” is a Japanese word for “flow.” 
 
Aiming for practical implementation by 2025 
 
4 Demonstration tests of autonomous driving has been moving forward, primarily in the 
automotive sector, but sea navigation presents technological challenges in terms of 
telecommunications infrastructure between land and sea and obstacle avoidance.  At the same 
time, the advanced technologies in areas including the internet of things (IoT), artificial 
intelligence (AI), and image analysis are making it possible to conduct demonstration tests of 
autonomous navigation. Therefore, joint technological development by multiple private-sector 
companies that possess these technologies opens up possibilities for dramatic advances in 
technological development for fully autonomous navigation. 
 
Demonstration tests at each consortium 
 
5 As of November 2021, the five consortia were in the process of developing new 
equipment, systems, technologies, and frameworks with a view toward conducting 
demonstration tests by the end of March 2022. These tests were the world’s first 
demonstrations using large vessels navigating over long distances through congested sea 
lanes. 
 

 
 
Results of Demonstration Tests of Fully Autonomous Ship Navigation 
 
6 In demonstration tests by four consortia with five ships, which were conducted in the 
coastal area of Japan under the Nippon Foundation MEGURI 2040 Fully Autonomous Ship 
Program, autonomous navigation including “collision avoidance” and “berthing and unberthing” 
has been achieved. Some milestones are shown as below. 
 

.1 autonomous navigation in a congested sea area (roughly 500 ships pass 
each day), using the container ship SUZAKU. 
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.2 autonomous navigation under rough weather and sea condition together with 
mooring operations using a drone, using the container ship MIKAGE. 

 
.3 autonomous navigation in long distance of 750 kilometres over roughly 18 

hours, using the large car ferry SUNFLOWER SHIRETOKO. 
 
.4 autonomous navigation (automated navigation from departure to docking), 

using the small passenger ship SEA FRIEND ZERO. 
 
.5 autonomous port berthing and unberthing using turning and reversing 

movements as well as autonomous navigation under high-speed (up to 26 
knots), using the large car ferry SOLEIL. 

 
7 The obtained key knowledges through demonstration tests are shown below. 
 

.1 Autonomous Navigation System (ANS) which had been installed in 
demonstration ships can be broken down into three functions: situation 
awareness (i.e. detection and integration), decision for collision avoidance 
(i.e. analysis and planning) and action (i.e. control and actuation). ANS 
consists of combination with existing technologies and new technologies. 
New technologies are, for example, applied to route planning for collision 
avoidance and ship motion controlling in the low-speed range. 

 
.2 Operational Design Domain (ODD) of every ANS installed in demonstration 

ships were clarified in advance. ODD means the range of operation that ANS 
can work properly, in this paper. 

 
.3 Human Machine Interface (HMI) for ANS status monitoring and 

override/fallback by the crew/operator of demonstration ships had been 
provided. 

 
.4 Remote monitoring had been applied by 3 consortia and remote control had 

been applied by one consortium, because the necessary human intervention 
should be changed depending on the Concept of Operation (CONOPS) of 
MASS. 

 
8 The information of following Demonstration Tests set out in the annexes: 
 

.1 Designing the Future of Full Autonomous Ship: Grand design drawn by 
diverse specialists; 

 
.2 Verification testing of fully autonomous technologies using coastal container 

vessels and car ferries; 
 
.3 Fully autonomous navigation at Sarushima, Yokosuka; and 
 
.4 Smart ferry development. 

 
Action requested of the Committee 
 
9 The Committee is invited to note of the information regarding Demonstration Tests of 
Fully Autonomous Ship Navigation on "MEGURI 2040", including the annexes. 
 

*** 
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ANNEX 1 
 

Results of Demonstration Test of Fully Autonomous Ship Navigation 
".1  Designing the Future of Full Autonomous Ship: Grand design drawn by diverse 

specialists" 
 
Consortium members of Demonstration Test 
 
1 The demonstration test was conducted by a consortium consisting of the following 
members: 

.1 Japan Marine Science Inc. (leader) 

.2 Bemac Corporation 

.3 Eizo Corporation 

.4 Furuno Electric Co., Ltd. 

.5 Honda Heavy Industries Co., Ltd. 

.6 Ikous Corporation 

.7 Japan Hamworthy, Co. Ltd. 

.8 Japan Marine United Corporation 

.9 Japan Radio Co., Ltd. 

.10 Kinkai Yusen Kaisha Ltd 11. Mitsubishi Research Institute, Inc. 

.12 Mitsui Sumitomo Insurance Company, Ltd. 

.13 Miura Co., Ltd. 

.14 MTI Ltd. 

.15 Nabtesco Corporation 

.16 Nihon Shipyard Co., Ltd. 

.17 Nippon Telegraph and Telephone Corporation 

.18 Nippon Yusen Kabushiki Kaisha 

.19 NTT Communications Corporation 

.20 NTT Docomo, Inc 21. NX Shipping Co., Ltd. 

.22 Pluszero Co., Ltd. 

.23 Sanwa Dock Co., Ltd. 

.24 Sky Perfect JSAT Corporation 

.25 Sunflame Co., Ltd. 

.26 Suzuyo Marine Co., Ltd. 

.27 Tokio Marine & Nichido Fire Insurance Co., Ltd. 

.28 Tokyo Keiki Inc. 

.29 Weathernews Inc. 

.30 YDK Technologies Co., Ltd. 
 
Results of Demonstration on a Container ship 
 
2 The demonstration test of a fully autonomous container ship and its Fleet Operation 
Centre for emergency monitoring and operation carried out from 26 February to 1 March.  The 
test, using the container ship SUZAKU, demonstrated the sea route between Tokyo Bay and 
Ise Bay for the first time the use of a comprehensive fully autonomous navigation system 
(including remote control and land support) for a container ship operating in a congested sea 
area. 
 
3 This successful demonstration test was of an operating system developed by the 
Designing the Future of Full Autonomous Ship (DFFAS) Consortium, made up of 30 
companies from diverse fields using an open innovation framework. In the test, the SUZAKU 
(95 meters, 749 gross tonnage) navigated a 790 km round-trip route, departing from and 
returning to, Tokyo Bay by way of Ise Bay using a comprehensive fully autonomous navigation 
system, including remote operation from the Fleet Operation Centre in Chiba Prefecture. 
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4 Roughly 500 ships pass through Tokyo Bay each day, compared with roughly 40 
through the Panama Canal and roughly 320 through the Straits of Malacca and Singapore.  
This successful demonstration in a highly congested area verified a high level of technological 
development that represented a significant step toward practical implementation. In addition 
to addressing the issues of aging crew and crew shortages facing the coastal shipping industry 
and the social issue of reduction in accidents, remote operation from land can be expected to 
introduce new work styles for industries and increase labour capacity for onboard crew. 
 
5 With an eye toward full-scale implementation, the DFFAS Consortium developed a 
comprehensive fully autonomous navigation system with repeated risk assessments carried 
out from the design stage. The system has three primary components: (1) a ship-side 
navigation system that controls autonomous functions from the ship; (2) a land-side system 
that monitors and supports the ship from shore, including remote ship-handling functions; and 
(3) an information and communications system that enables stable communication between 
the ship and land. 
 
6 The Fleet Operation Centre marks a particular advance, allowing fully autonomous 
navigation at sea with tracking from land of functions normally performed by crew, including 
the monitoring of weather and sea conditions, traffic flow, and the ship’s equipment. In 
emergency situations, the system can switch to remote operation from the Fleet Operation 
Centre, ensuring the overall system’s safety and stability. 
 
7 The more information of DFFAS Consortium for Fully Autonomous Ship Project is 
provided in the appendix. 
 

 
Figure 1:  Container ship "SUZAKU" 

 

 
Figure 2:  Remote operation at the FOC 
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Figure 3:  Overview of the DFFAS comprehensive fully autonomous navigation system 
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APPENDIX 
 

DFFAS Consortium for Fully Autonomous Ship Project 
 

 
 

 
 
  

© 2022. NYK Group. All rights reserved.

Outline

© 2016. NYK Group. All rights reserved. 2

1. Introduction of DFFAS Project

2. System overview

3. System design and development process

4. Demonstration

5. Summary
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ANNEX 2 
 

Results of Demonstration Test of Fully Autonomous Ship Navigation 
".2  Verification testing of fully autonomous technologies using coastal container 

vessels and car ferries" 
 
Consortium members of Demonstration Test 
 
1 The demonstration test was conducted by a consortium consisting of the following 
members: 
 

.1 Mitsui O.S.K. Lines, Ltd. (leader) 

.2 Furuno Electric Co., Ltd. 

.3 Mitsui E&S Shipbuilding Co., Ltd. 

.4 A.L.I. Technologies Inc. 

.5 MOL Marine & Engineering Co., Ltd. 

.6 MOL Ferry Co., Ltd. 

.7 Imoto Corporation 

.8 Imoto Lines, Ltd. 
 
Results of Demonstration on a Container ship 
 
2 The demonstration test, carried out on January 24-25 in 2022, a fully autonomous 
domestic container ship MIKAGE navigated a 270 km sea route from Tsuruga, Fukui 
Prefecture, to Sakaiminato, Tottori Prefecture. In addition to being the first time for an operating 
container ship to use a fully autonomous navigation system, the test marked the first use of 
drones for mooring operations (securing the vessel to a wharf with ropes). The fully 
autonomous ship navigation system, drone-assisted mooring operations, an automated 
berthing and unberthing system and augmented reality (AR) navigation system for monitoring 
from land developed for this project are expected to contribute to greater ship safety and 
reduce crew workloads. 
 
3 Container ships of roughly the MIKAGE’s size (749 gross tonnage) play an important 
role in coastal transport in Japan, accounting for roughly 10% of coastal vessels in operation.  
At the same time, the length of their voyages combined with crew shortages places a significant 
burden on crew members.  This successful demonstration of fully autonomous operation of an 
operating container ship paves the way for future technological applications that will address 
the issues of crew shortages and heavy crew workloads, and also contribute to the reduction 
of operating costs. 
 
4 For this demonstration test, the MIKAGE was equipped with a developed system for 
another ship detection based on AI learning with an automatic identification system (AIS) and 
radar, as well as visible light cameras and infrared cameras for use at night. The fully 
autonomous ship navigation system was also developed to avoid collisions based on the 
movements of other ships, and this was successfully demonstrated as well. In addition, an 
unmanned system using drones was developed to bring the heaving lines that secure the ship 
to the wharf, reducing the workloads of crew during mooring. The fully autonomous ship 
navigation system required monitoring from land, and this was done with a system that used 
AR technology to superimpose information sent from the ship onto a screen. 
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Figure 1:  Container ship "Mikage" 

 

 
Figure 2:  Mooring operations using a drone 

 

 
Figure 3:  AR navigation system displayed on monitoring screens in the ship’s control room 

and on land monitoring centre 
 
Results of Demonstration on a large car ferry 
 
5 The demonstration test, carried out on 6 and 7 February on the large car ferry 
"Sunflower Shiretoko" (190 meters, 11.410 gross tonnage) travelled a distance of 750 km over 
roughly 18 hours, from Tomakomai, Hokkaido, to Oarai, Ibaraki Prefecture, marking the world’s 
longest successful demonstration of fully autonomous navigation in terms of both distance and 
time. Technologies developed for this project included an automated berthing and unberthing 
system and an AR navigation system for monitoring from land, which will contribute to 
improved safety and reduction of workloads for ships’ crew. 
 
6 Large car ferries transport both cargo and people simultaneously and play an 
important role in domestic logistics in Japan, with marine transport handling more than 80% of 
logistics between Hokkaido and the Kanto region in particular. At the same time, the number 
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of domestic passenger ferry crew members has declined by 30% since 2000, to roughly 7.000 
from roughly 10.000,∗ and the length of car ferry voyages creates workload issues for the crew.  
The success of this demonstration test over a long distance and long time is expected to help 
reduce both crew workloads and operating costs. 
 
7 For this test, the Sunflower Shiretoko, a large car ferry operated by MOL Ferry Co., 
Ltd., was equipped with a fully autonomous navigation system. The vessel was equipped with 
a developed fully autonomous ship navigation system for another ship detection based on AI 
learning, using information from an automatic identification system and radar, as well as visible 
light cameras and infrared cameras for use at night.  Algorithms were also developed to avoid 
collisions with other ships. As these vessels will need to be monitored from land, an AR 
navigation system was developed using AR technology to superimpose various information 
onto images sent from the vessel. 
 
Ensuring the safety of demonstration test 
 
8 Prior to demonstration test demonstration, ClassNK Consulting Services Co., Ltd. 
conducted a risk assessment of the test ships using the HAZID method, and MOL Marine & 
Engineering conducted a ship manoeuvring simulation of the test ships using a 3D simulator 
to ensure the safety of the demonstration test. 
 

 
Figure 4:  large car ferry Sunflower Shiretoko 

 

 
∗  According to Ministry of Land, Infrastructure Transport and Tourism, Maritime Bureau data. 
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Figure 5:  Image of an evasion plan after another ship has been detected ahead 

 
*** 
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(shown in blue) Detected another ship 
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ANNEX 3 
 

Results of Demonstration Test of Fully Autonomous Ship Navigation 
".3  Fully autonomous navigation at Sarushima, Yokosuka" 

 
Consortium members of Demonstration Test 
 
1 The demonstration test was conducted by a consortium consisting of the following 
members: 

.1 Marubeni Corporation (leader) 

.2 Mitsui E&S Shipbuilding Co., Ltd. 

.3 Tryangle Inc. 

.4 Yokosuka City (Kanagawa Prefecture) 
 
Results of Demonstration on a small passenger ship 
 
2 The demonstration test, carried out on 11 January 2022, an autonomous small 
passenger ship SEA FRIEND ZERO navigated the waters around Sarushima, an island off the 
coast of Yokusuka City in Kanagawa Prefecture. This was the world’s first successful 
demonstration of fully autonomous navigation (automated navigation from departure to 
docking) of a small tourism boat, and the application of this technology is expected to allow 
small boats to be used to support the daily lives of residents of offshore islands and alleviate 
Japan’s shortage of ship operators, more than half of whom are over the age of 50. 
 
3 The vessel navigated a roughly 1.7 km route from Shin-Mikasa Pier to Sarushima, 
including departure and docking. The vessel was equipped with various sensors including 
three cameras, which were used for image analysis to detect small boats, a global navigation 
satellite system, and an automatic identification system (AIS). The system, which used sensor 
data to detect other ships or obstacles, processed that information and sent it to the fully 
autonomous navigation system, which automatically navigated around the obstacle. The fully 
autonomous navigation system also handled docking and departure, which are difficult even 
for manned crews, with a throttle lever in the control room automatically making repeated, 
incremental movements. 
 

 
Figure 1:  Small passenger ship "Sea Friend Zero" 
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Figure 2:  Automated throttle lever 

 

 
Figure 3:  Cameras mounted on the vessel to detect obstacles 

 
 

*** 
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ANNEX 4 
 

Results of Demonstration Test of Fully Autonomous Ship Navigation 
".4  Smart ferry development" 

 
Consortium members of Demonstration Test 
 
1 The demonstration test was conducted by a consortium consisting of the following 
members: 

.1 Mitsubishi Shipbuilding Co., Ltd. (leader) 

.2 Shin Nihonkai Ferry Co., Ltd. 
 
Demonstration test and development highlights 
 
2 The demonstration test of the world’s first fully autonomous ship navigation systems 
of a large car ferry SOLEIL was conducted on a 240 km route from Shinmoji in Northern 
Kyushu to Iyonada along the Japanese coast, which takes approximately 7 hours, at a 
maximum speed of 26 knots, and successfully completed on 17 January 2022.  The newly built 
coastal ferry (222 meters, 15.515 gross tons) began navigating with onboard crew on  
1 July 2021, compiling data for the development of a fully autonomous ship navigation system. 
 

 
Figure 1: Coastal car ferry SOLEIL 

 
3 The test vessel was equipped with: 

.1 a high-precision sensor image analysis system with infrared cameras that 
can detect and locate other ships and obstacles even in darkness; 

.2 a SUPER BRIDGE-X automated ship navigation system that, combined with 
autopilot system, provides track control and automated avoidance function; 
and 

.3 an advanced automated port berthing/unberthing operation system that can 
perform turning and reversing movements, which are even difficult for 
manned vessels. 

 
4 One of the biggest issues for a fully automated vessel is that onboard maintenance 
or repair of systems and equipment is not possible in case of failure or malfunction of them 
while underway.  Therefore, enhanced engine monitoring technologies that monitor engine 
conditions are being developed and tested as well with a view to predicting and preventing 
faults. In this project, various other technologies essential to the practical application of fully 
autonomous navigation were also developed, which includes platforms for advanced data 
security to protect the navigation data used for onshore monitoring and support. 
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Automated navigation 
 
5 To realize the fully automated navigation between ports, the automation systems were 
developed for navigation outside and within ports, respectively.  Each system was provided 
with input from object detection and ranging systems to detect and locate surrounding ships 
and other obstacles. 
 
Automated ship navigation system 
 
6 Outside ports, route tracking was performed using the track control function of the 
autopilot system of the ship combined with a SUPER BRIDGE-X navigation support system 
provided by MHI Marine engineering, LTD.  Automated navigation was achieved by tracking a 
planned route with heading and speed control and collision avoidance functions.  In the trial, 
the system performed those functions several times even in high traffic density areas, and 
accumulated experience and data were used to sophisticate the system to be acceptable to 
crew. 
 

 
Figure 2: Automatic ship collision avoidance carried out during the trial 

 
Automated berthing/unberthing operation system 
 
7 In port and during berthing operation, a ship had to follow a planned route with high 
accuracy and thus this system was developed to perform advanced manoeuvring using 
thrusters as well as a rudder and a propeller.  In this system, AI is used to determine the optimal 
output of the rudder, propeller, and thrusters, achieving highly accurate route tracking. 
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Figure 3:  Automatic ship unberthing(left) and automated berthing/unberthing system monitor 

and navigation monitor (right) 
 
Object detection and sensor image analysis system 
 
8 To provide automated navigation system with position and speed with direction 
(velocity vector) of obstacles to navigation, such as other ships and buoys, as radar and/or AIS 
do, object detection and image analysis system was developed.  For this purpose, the ship 
was equipped with infrared cameras (telephoto cameras to detect objects within approx.  2 km 
and wide-angle cameras for short-range detection), enabling high-precision detection, 
positioning, and ranging of objects even at night.  The result of the test demonstrated that the 
system was capable of recognizing and locating other ships and buoys and of detecting objects 
up to approx.2 km away from the ship.  Position of objects calculated by the system was close 
to the AIS data, while there was still room for improvement in accuracy and stability of 
calculating a velocity vector (path and direction) of an object. 
 

 
Figure 4: Infrared cameras (left) and recognized other ship (right) 

 
 

___________ 


