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Introduction of NYK Line www.nvk.com/english/

President: Mr. Takaya Soga

Head Office: Tokyo, Japan

Founded: September 29, 1885
Employee 35,243 (as of the end of Mar 2024)
Revenue 2,387,240 (millions of yen)

FPSO 3

Trade Name: Nippon Yusen Kaisha (NYK) or NYK Line

Fs0 2 NYK HQ Building, Tokyo

Drillship 1

Others 4

Shuttle tankers 27

LNG bunkering vessels 2 CTV 1

Cruise ships 1

Multi-purpose carriers 4 7

LNG carriers 86

Tankers 70

811

March 31, 2023

Car carriers 1 22

Wood chip carriers 36

Container ships 5 4

For the year ended

Domestic vessels and ferries 1 2

Capesize bulkers 1 18

‘ Panamax bulkers 94

Handysize bulkers 1 31

© 2024. MTI Co., Ltd. All rights reserved.
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Introduction of MTl www.mohohakobi.com/en/
R&D arm of NYK Line

B Company Name: MTI Co., Ltd.
B President: Mr. Hideki Suzuki
B Founded: April 1, 2004

B Stockholder: NYK Line (100%) T R R
B Employee: 70 (as of April 2024) Data Utizaton

M Locations: Tokyo and Singapore

ESG Activity Support Ship System Autonomous Ships

B R&D Projects: Abt. 80 projects

per year
u Abt 90% fOF NYK | Egine system solutions | Ship and Logistics loT Simulation
. Abt' 10% for EXternaI Main Bearing CBM of Diesel Main Engine SIMS3 Simulation Platform
Performance Analysis Cybersecurity Sensor Simulation
B Total bu dget; 10-12 million USD Kirari NINJA Ship-to-Shore Data Communication Simulation of Ship Motions
p er ye ar Remote Diagnostic Center Simulation of Ship Maneuvering Motions
LNG R&D

© 2024. MTI Co., Ltd. All rights reserved. 3
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Why do we need Autonomous Ships?
Sdfe operation, shortage of seafarers, logistics stability

Human Error 1,247 ships

Insufficient monitoring 22%
Navigation error 15%
Poor engine handling  11%

Tefy” o7 ety
Failure to check ship position, insufficient S f | £
8 1 route check, sleeping while navigating, are )

use of open flames or flammable

materials, loading errors Operation Blgger ShipS with More congestions
smaller engines
Non-human Error 300 ships
Snuctural ssues, others Value of v Reduced il
. Reduced maneuverabilit
2020 - autonomous ships S Y
Source: Japan Coast Guard Annual Report 2021 9 Early aCtIOI’l |S Important
v Navigation accidents are caused Short £ Logisti
mainly by human errors (abt. 80%) ortage o OgIS. !cs
Crew Stability
\—/
v Global seafarer shortage 8.8%, highest ever v Future increase in maritime transport
v’ Shortage of seafarers in Japan (from trucks to shipping and trains)
(by 2040 there will be 30% shortage of seafarers)

Ref) M. Unno, Fully Autonomous Ship Project “MEGURI2040” —Project Overview, Dec 4t, IMO MSC 109
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The NYK Group’s actions for realizing autonomous ships

IMO

Development
Rule Standard

- Participation in IMO's * Lead autonomous

MASS code development - Develop international navigation technglogy
via supporting Japanese technology standards for development in
government autonomous ships MEGURI2040

Combination of actions is important

© 2022. MTI Co., Ltd. All rights reserved.
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Open collaboration for realizing autonomous ships

Technology
Development

Verification &
Certification

Japan

Overseas

-

MEGURI2040 (53 Partners)

Osaka Metropolitan University
Hiroshima University
Osaka University

ORCA Al (Computer vision)
Hoglund (Engine plant monitoring)

DNV (Simulation-based test)

(

L NYK Group J

LIT (Ministry of Land, Infrastructure
J?/rlansp(or’{alncgyl'ou}"lsmqjﬁapan SRS

ClassNK

AssocCi

\_

JSTRA‘Q’[?&?P Ship Technology Research

ABS, DNV, BV, LR
University of Warwick, UK
University of Southern California, US

ONE SEA, Finland

\\/

J

Open collaboration with domestic and international partners are the basis in
technology development, verification and certification.

© 2022. MTI Co., Ltd. All rights reserved.
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IMO rules, class rules and technology standards

/

,_—_\

’______________\

\
Goals ‘
(Tier 1)
l
s |
. 3%
Monitoring Functional requirements E El I
of IMO (Tier II) i
goal-based - » ; o8 |
standards ﬁ 4
Y- |
— . - |
Verification of conformity 8 .
(Tier 111} N '
‘V

T——————T—_—_—_I

el e T N

— — _— — _— — _— — _‘ _— —

Rules and regulations
— for ships,
Monitoring of e.g. IMO requirements,
effectiveness | classification rules,

of rules/ relevant national a
regulations requirements w
(Tier IV) z
_— ﬂ
o

hJ

REQUREMENTS
I
\

Industry practices and standards
(Tier V)

GOAL-BASED STANDARDS FRAMEWORK

IMO MASS code is under
development at IMO MSC

Class societies are developing class rules. We are
communicating with classes concerned.
(e.g. Class NK, ABS, LR, DNV,BV etc)

Figure 1
Goal-based standards framework

~ ClassNK

International technical standard development are
starting (e.g. ISO/IEC) ==) We are initiating
proposals at ISO/TC8/SC26.
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Trajectory of autonomous ships development in the NYK Group

2024 -
2019 - 2022 Autonomous nhavigation
MEGURI2040 Stagel DFFAS system on NYK PCCs

(Designing the Future of
Fully Autonomous Ship) ‘
2022 - 2026
MEGURI2040 Stage2 DFFAS+ PJ

2018 - 2020
* Remote control system using tugboats. ‘

* Development of Al-based collision

. 5
avoidance algorithms mABEH 7AY=oE | g YO e DFFAS
M E G U R I - EI): Denyrin he Future of Fully Aulonomous. Ships
20402727 | fomomon
2016 = 2020 £ - k. Demonstration voyages in Feb & Mar 2022 m

Researéh on elemental technologies for
autonomous navigation systems and

remote-control systems

© 2025. MTI Co., Ltd. All rights reserved.
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Autonomous levels and the targets

Officer and rating Officer and rating

no support with high level support

=
NYK GROUP

Safety

Improvement

Conditional B-1

Our practical target

g DFFAS-l- Target of MEGURI2040 Stage 2

Commercial operation (2025)

Fuly Actonomous Ships

mAEBMM 7OV st ElT
MEGURI U
2040zz7 ISEN”SZT".SE

DFF AS Target of MEGURI2040 Stage 1
e Demonstration only (2022)

Designing the Future of Full Autonomous Ship

Life Cycle Value

AL3

Conditional B-0

{ Al4

Fully Autonomous @

* ALO — 5 refers autonomy level (AL) definition by Lloyd’s Register, Cyber-enabled ship, 2016 9



DFFAS System Overview (2022) Onboard system ==

(autonomous functions) ~ NYK GROUP

Telecommunication system
(3 satellites and 1 terestrial communication line,
information management & control)

Land-based system .
(land-based support functions) Integrated Display Block

Emergency Response Block
(ship information collection, monitoring & analysis)

(remote operation function)
(engine remote monitoring, control & anomality detection)

© 2025. NYK Group. All righfs r




Results of DFFAS Project (2022) p—

Demonstration of fully autonomous functions in Port of Tokyo Makuhari
congested coastal routes in Japan Incl. Uraga Straight traffic route

Port of Tsu-Matsusaka

Incl. Irago Straight traffic route in Ise bay

Round trip
424 NM (790km)

26-27 Feb 2022

28 Feb — 1 Mar 2022

Achieved 98.5% of fully autonomous
navigation in the demonstration voyage

Containership ”Suzaku”, 749GT with fully
autonomous functions

EAEHRM 7Szt ET
THENIPPON andh

MEGURI
2040ZZ7 | rounpanon




N ‘OTHERS CHART STD‘ VECTOR | 26 Feb 2022 ‘07 583 39‘

ONLY DISP CHART ‘ uTC
fTokyo Bay A o 1828 | 1%
TH L tor 5.8kn s
Feb 26,2022 R0 | dokn | BT
SFT Info(1/1) coGc 182.5 i
nfo(1/ —
( SFT 3240 SOG 5.8kn
Manual POSN 35°23.192' N
Update BRG INS 139042.137. E
RNG | Offset
| soc | WGS84
| cpA 0.114 NM o G R : A 20
)il TCPA 16:07 ’ 7 ! : TM Reset off
‘ ?EFT‘\ 0.0'368 NM MENU
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ARS || Sres AX.S.SR1 _ o | “ YR ey | Plan Speed 7.2kn
ON |l Status ‘ W & AHdInDy R ¢ A Bl C A 2 |Plan Course : 181.0
A st ; : . . ; : ! XTD LIM: 60.0/60.0m
Name SREE ) : : 153 2 2 : XTD: 32m
Steering Mode : TC
P Calculatin TC: GoAW Appr. Enabled
) T— x To WPT : 66
‘ = DIST to WOP: 0.19NM
rw,4s,iri|%: # Time to Go : 0=1:59!
B e Turn RAD : 0.12NM
i [ X Ry : ROT: -000.6° /min
: S Next WPT : 67
] Next Course : 180.8
Hap Rudder Angle
[<] Check ETA
WPT : _Overlay/NAVTools =
Distance : 0.24NM | TT/AIS | 4= =
Plan : 08:00 26 Feb 2022 AlS
Actual OSJJT 26 Feb 202 3R T.GND
& { T CPA/TCPA | 0.3NM| 15min
/ Off Plan : AISCPA | AUTO ACT FILT

ﬁ)\x'ﬁﬁﬁﬂ‘u7n/17b E]T

BMEGURI U

. 8 ‘ : g prszedenrree I8 Il g W aspro Suggested SPD — e THE NIPPON
SOG: 5.8kn 13.4 kn -. 1 2040 =" | FOUNDATION

/ Next WPT: 180.8 °

HDG :182.8

Wind: 033.6
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DFFAS+ of MEGURI2040 Stage 2 Project

1. Project period

e  October 2022 to March 2026 (3.5 years)

2. Project members

53 companies and organizations

7
NYK group acts as the PMO
MRI A = SHER & TOKYOr
Bamm  MRU - o eeBEEERE fleaMTl ronomoe KEK
®
Sills BSMAC A~ assore—rnsan -l mrsymsn  JMU
. B MITSUBISHI SHIPBUILDING CO., LTD. -
Srznn-usar  EpEZO = NYK .=  Nabtesco swiwvos o SEACE
“\{Q . “ 3 o
= KYK .. weathernews e Miura & #sEEsSRR g
=HiFmEE Abways WITH you! RRiELBE ° g YDK Technologies
}E E\Z + Ze ro HoNDA HEAVY INDUSTRIES . e ﬁ ﬁ ﬁlﬁ " i S/ [ /| AT et
5205 N w AHETREX S C e :‘ S pm—_eL UL
UY=NO E&:‘:‘:Lﬂ" E&S  Wiofmm=+ VA skmEskXLit <@ HANSHIN DIESEL @ TERASAKI
Marubeni MK'LINE KL v ™M IRLS.
Marindows
/e Ekyokuyoy SllIK E»,;..;_\_\]E" M NAKASHIMA TST ®
SK W|NCH WE—EEE:;;“ We Go Beyond 4 KANDA DOCK

13



Overview of key functions P

NYK GROUP

’ Satellite communications
v <>

Navigation Machinery FOC
* New sensors * Abnormalities * Voyage planning
.- . [ * Engine & power plant remote
The Key additional Integrator detection BINE & P P
. * Planner monitoring
functions
*  Controller
Others

* Centralized information management
* Data recording
*  Cyber security

Modified based on Ref) T. Nakashima, et. al, Addressing systemic risks in autonomous maritime navigation: A structured STPA and
© 2025.NYK Group. Allrights reserved. - ODD-based methodology, Reliability Engineering & System Safety, Volume 261, September 2025 14
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Four target ships in DFFAS+ of MEGURI 2040 Stage 2 (trial operations in 2025-2026)

Demonstration of 4 autonomous ships in commercial operations with support from 2 Remote Operation Centers(ROC).

Type, name, size

Period e S BIE Ship Companies
MTI (Leader)
Oct 2025 Newlv built Container Vessel (Bl i Ikous, Japan Marine Science, JMU, Furuno Electric,
c - ewly built Container Vesse s N
(5 months) (about 7,800GT/Coasting area) Sep 2025) BEMA;, Tok-yo. Keiki, Nabtesco, Sunflame, Mitsui
E&S Shipbuilding, Space Compass, JRCS,
TerasakiElectric, NaikoMirai, WNI, EIZO
July 2005 - Island Vessel Japan Marine Science (Leader)
(9 r‘]’nonths) OLYMPIA DREAM SETO Ryobi Ferry, Mitsui E&S Shipbuilding, Mitsubishi
(942GT/ Smooth water area) Shipbuilding, Furuno Electric
Sep 2025 - Container Vessel Mitsui O.S.K. (Leader)
(6 fnonths) MIKAGE Imoto Lines, Furuno Electric, Mitsui E&S
(749GT/Coasting area) Shipbuilding
RO-RO Vessel .
( ?Ct 2025 — | No.2 HOKUREN MARU Kawasalq K-lsen- (!.eader) |
a few voyages (11,413GT/ Limited major coasting area) Kawasaki KinkaiKisen, Japan Radio, YDK

15
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DFFAS+ development, verification & validation process
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¢~ MTlis in charge.

ConOps Reference Model

( Background and Objectives

Use Case Requiremen
s ~
” ~
” ~
s

[
|
|
|
|
|
|
|
\

N\

STPA: Systems Theoretic Process Analysis
FMEA: Failure Mode and Effects Analysis

Verifi (l:atiQQ N
-- Modes

System

Concept
Design

~_

Systems development
process

( Basic
4 Design

q_ Mil Test

Whole system
Tests

>

Subsystem
Tests

|_» Detailed

: Unit Tests
Design
N \ / .
_ _ \ QQ}
Implementation
Manufacturing J Sil Test

Engineering/Construction Phase

f-
I Hil

Test l

16
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Definition of concept of operations (ConOps) for the novel system

* Define Concept of Operations (ConOps)

Master mariners and chief engineers, who are
well versed in ship operations, define the

ConOps in cooperation with engineers of
manufacturers and system engineering
specialists.

For eliciting system requirements Model-Based
Systems  Engineering (MBSE) and risk
assessment, such as STPA, are used.

* Key features of ConOps

Ship specifications
Use case scenarios

Operational Design Domain (ODD) (boundary
of the system design)

Functional Requirements (from operational
perspectives)

Rules and regulations

engineer

bfl(GROUP
Crewless Autonomous Vessel System
Vessel (Onboard L
( ) CDI"I'II'I’IUI‘IICEtI{:I_r:I\' Shore (FOC)

Propulsion 4 Fleet Operation N
[}
1 « Maonitoring pnd Advice
]
]
]
: Oiler Certified chief
i
]

-

« status acklapproval
« input restriction

viding/modifying plan l

Operator

A « prg

-------- » « emergency operation
Maneuvering Ei
ECDntrUI SOED/ SOED/
and SERPP SERFPP
‘Actuation:  i(onboard); {(ashore) : %

Administrator /

High level system conceept description by using use case diagram

17
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Control structure of the maneuvering subsystem for analyzing risks of human—machine system

Navigation Officer

Notice of
Conditons
DTC+Actu
ators
(Manual)

Short-
term
action
plan
proposal

(CA6)
Control
order
(Manual

)

Status, allocation (status, autonomy
level) status change notification

(sound)

Remote Operation Center (ROC)

Operator

(CA7)
Ack/Approva
|/Overide

CIM (Central
Information

Integrated
information for
navigation plan
Tentative
navigation plan

ning Plan

Request

(CAla) Approval
for Navigation

(CA1lb) Re-route|

Management)

Alert

Navigation planner

Status & Health
management for

(CA9) Maneuvering
Fixed Status
'(ACASa) - Alction Informatiopn élerts,
roval o urrent/n
AEtFi)on plan Plan ext /
(Monitoring) (CA8) navigation
(CA2) Status al mode,
(CASb)tRferoutﬁ Naviga ||nforma health
request for action tion tion level of
plan (Monitoring) Plan maneuveri
ng

Action Planner

Alert

M

Targets (other ships), System

Actuation
order, feed
back from DTC

(CA3) Action plan

position, speed, heading, env

info (for planning/ODD), no-
go area info

System position,
speed, heading,
env info(for
controlling)

DTC (Dynamic Train Controller)

Feedbacks

(CA4)Control order

O For safety assessment of the human-machine system,
control structure diagrams are used.

O Control actions (CAs) and feedbacks differ in

accordance with autonomous navigation status,

navigation mode, short-term or long-term task, etc.

By running STPA analysis based on the control

structures, loss scenarios are extracted. The scenarios
are the basis of risk assessment and the system tests.

Alert

Human

Machine (Controller)

»  Control Action (CA)

Actuators

Sensor/Integrator

»  Feedback

Modified based on Ref) T. Nakashima, et. al, Addressing systemic risks in autonomous maritime navigation: A structured STPA and

ODD-based methodology, Reliability Engineering & System Safety, Volume 261, September 2025

18
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Subsystems and tasks at DFFAS+ autonomous system

Gyro compass
GPS compass

speed log

X-band radar

S-band radar

CIM
o Collect health level of subsystems and determine overall status (autonomy level) of whole system
o Change operating privileges based on system status

Maneuvering: situation awareness, planning track and controlling

Propulsion: propulsion & power management, remote assist from shore

Communication: shore-ship communication and corresponding security
Ship

Se
GPS

AlS

nsor detection

Info. integrator
Perimeter

Information
Integration

Unit

Camera

PTZ Camera

Electronic
Inclinometer

Sensor: Detecting
information

Image

mage

Planner
Avoidance
Algorithm
i
Action

Plan pnit

! Flee

own ship state and other :

Land

t Operation Center
Fleet

management

systems

Co unication and Information Ma

How to design the UI?

What functions are needed to
manage autonomous functions?

Subsystem
(Integrator)

7/

( Eng.Plant

Commu
nication

BN s il

S

Human

nagement

How to get health information
from each subsystem?

\ CIM Subsystem
(Planner)
Subsystem

(Controller)

19
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HIL(Hardware In the Loop) test arrangement

T @OFFNST

- Sensor Integrator = Planner

[ e
i ." - w,,_r.-
i B @i

_ Controller

e

NYK GROUP

e Ml o=

=

A&
. 33

— Q>
-

Control system simulator

(Autonomous Navigation System)

HIL testing ( HIL Simulator

—— = —— - —————

Control signals “r Simulated | \
>_ actuators "1
O| Simulated 1 | Sdlmula§ed
=| measurements | ¢ oo | dynamics
€ Simulated le—y
I I

sSensors \

—————————————

Courtesy) DNV, CyberSea
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Target of DFFAS+ Project in MEGURI2040 Stage 2

Social Infrastructure

Technology Development

* Technology validation
in demonstration

* Rule & regulation compliance
e Crew & operator skill and

* Technology standardization education
* Technology verification scheme * Economic rationality
* Enhanced development process * Insurance

* Operation & maintenance process
* Product-out
.

* Social understanding

» Autonomous navigation demonstrations in commercial operations on various ship types (2 container ships, 1
passenger ship, 1 RoRo ship) will be conducted in 2025 - 2026.
» Long term & practical use of autonomous navigation systems - Non-technical issues, such as human-machine

interface, comfortable work environment, crew familiarizations and trainings, are also needed to be considered.
21
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Roadmap for the MASS code development and data collection in EBP

SESSIONS oF MSC WORK PLAN

MSC 110 - Consideration of the outcome of the MASS-CG, ¢ The ta rget Of ﬁna“zation and adOption
(June 2025) established at MSC 108 _ :

- Further develop the nhon-mandatory MASS Code Of the non-ma ndato ry MASS COde 1S

- Update this road map MSC 111 in May 2026
gﬁjﬁ;?;\g; - Further develop the non-mandatory MASS Code ° A fra mework fOI’ experience-bu | |d | ng
MSC 111 - C_onsi.der'_ation of the outcome of MASS-ISWG 4 phase (EBP) will be dEVGIOpEd in MSC
(May 2026) - Finalization and adoption of the non-mandatory MASS ]

Code 112 in December 2026

- Invite relevant sub-committees to review the
non-mandatory Code
- Update this road map

——

MSC 112 - Develop a framework for an Experience-building phase

December 2026 EBP) post adoption of the non-mandatory MASS Code q .

( ) (EBPYP g Y NYK group intends to accumulate experience and

MSC 1XX - Commence development of the mandatory MASS data thr.oug.h demqnstratlons i EBP’ and share

(2028) Code, based on the non-mandatory Code and result them with international experts at IMO, ISO and
from the EBP and review conducted by the relevant . . . .
sub-committees, and consider amendments to SOLAS other places to achieve safer shipping operations.

(new chapter) for the Code’'s adoption

MSC 1XX - Adoption of the mandatory Code (latest 1 July 2030 for
entry into force on 1 Jan 2032)

Ref) IMO MSC 10/WP.8, Annex 2, Page 1, 5 December 2024

22
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Summary

* The NYK Group is working to develop autonomous ships to enhance the safety of
shipping operations, solve the shortage of seafarers, and ensure stable logistics.

* To achieve this, the NYK Group is collaborating openly with partners in
technology development, standards development, and supporting rulemaking.

* The NYK Group is currently leading the DFFAS+ project in the MEGURI 2040
program of the Nippon Foundation, which focuses on developing technology,
technical standards, and social infrastructure. Trial operations will begin in
summer 2025 and continue for several months.

 MTl is leading these activities by utilizing systems engineering methodologies and
project management.
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Designing the Future of Fully Autonomous Ships

Source: DFFAS+ CONSORTIUM

BMAEMmMM 70 b
=2+ | g YEI

N OSes | o
2040 ﬁ‘?ﬁ a FOUNDATION

© 2016. NYK Group. All rights reserved.

Thank you for your listening.
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