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NYK LINE MTI (R&D arm of NYK LINE)

* Head Office: Tokyo, Japan * Established : April 1, 2004

* Founded: September 29, 1885 * Stockholder : NYK LINE (100%)

* Business Scope *  Number of employees : 71 (as of 15t April 2021)

* Liner (Container) Service

* Tramp and Specialized Carrier Services
* Tankers and Gas Carrier Services

* Logistics Service

* Terminal and Harbor Transport Services
* Air Cargo Transport Service

*  Cruise Ship Service

* Offshore Service

*  Employees: 34,857 (as of the end of March 2020)
*  Revenues:$ 15.8 billion (Fiscal 2019)
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NYK Fleet

Container ships

Car Carriers Shuttle Tankers

58 vessels
111 vessels 28 vessels
Bulk Carriers (Capesize) Tankers EPSO & ESO
114 vessels 56 vessels
5 vessels

s Bulk Carriers (Panamax & LNG Carriers i1 Shi
Handysize) 78 vessels Drill Ship
247 vessels 1vessel

Wood-chip Carriers
43 vessels

Project ships & others
42 vessels

Cruise Ship
1 vessel 784 vessels

67,468 K DWT

(as of the end of March 2020)



R&D trajectory in NYK/MTI
toward safer and greener shipping
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Value creating digitalization in shipping

1. Deep understanding of operating fleet and market

2. Optimized logistics and operations Better decisions

3. Anticipation of failures

Continuous
Improvement

Continuous
learning

operation and ship

T Pursuing total optimization of

4. Incremental automation of ship functions

Safer, more consistent
5. Monitoring fleet performance and improvement operations

Reference) McKinsey Company, How digital innovation can improve mining productivity, 2015
https://www.mckinsey.com/industries/metals-and-mining/our-insights/how-digital-innovation-can-%20improve-mining-productivity
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loT platform of NYK
SIMS (Ship Information Management System)

SIMS IoT data
+ SPAS manual data

Data Center

SIMS Data Collection SIMS Monitoring & Analysis

Sat Com
Onboard (VSAT, FBB) at Shore

A

Operation

« GPS (Tokyo, Singapore ...)

* Doppler log

* Anemometer S:h!lrs unit — Analysis

121.0 » ; . .
 Gyro Compass (IoT gateway) 381 Big data analysis report
¢ e | Onboard dashboard | - Operational efficiency
' ; A - Performance :
VDR > ‘_“’ . .e®- - Engine & plant Shore Dashboard
S P—— ] condition .
- For operation
Data Acquisition and <4—— Motion sensor - For ship manager
Processing

<Navigation Bridge> A Technical Analysis (NYK,

<Engine Room & Cargo> MT1)
¢ Main Engine >
¢ Power plant > Integrated
¢ Cargo control > Automation

i i System

¢ Auxiliary machineries 3,
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How shipping can utilize Big data and loT
- Identify right issues to solve -

Identified issues Big data Analysis

Engineering knowledge
Optimum operation loT Data e.g. vessel performance

w|  SIMSF-SICEBETILRIE

- Fuel saving
- Reasonably minimized margin

: Report data
Support business
decision

- Tactical ship/fleet allocation AlS data Data analytics & IT
Safe
HREEET Weather data _|II.

Operation data Technical data Market data Commercial data

. Schedule . Performance . Bunker cost . Contract

Any useful data . Route e Seatrial *  Hiring cost *  Fleet plan
e CB/HB . Particular . Market . Owner info.
AlS . Paint
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Understand seasonal impacts on ship operation

Service route

Estimated Sea Margin
= Estimated

40.0%
35.0%

30.0%

; 13&%
10.0% 7.3% & 1 I I I

Estimated Sea Margin
= Estin mated

SHR(kW)

012345 u 8 910111213141516171819202122
Ship Speed (water) (knot)

30.0%

| 11.5%
0.1%

9.5%
5.0% 3.4% 3.
S%I I I I =
- I . i
Ap

Jul Aug Sep Oct Nav

Estimation of
- Sea margin
- FOC and etc.

Ship performance model

Voyage simulation with past weather data

Combine ship performance model with weather data to optimize ship services



l l Monohakobi /ﬁ
Technology Institute et

NYK GROUP

Improve bad performance ship

NIEEEINET]

23 % CO2 reduction
was confirmed

Operational profile Energy saving modification

* Speed, RPM, Power

. . * Bulbous bow modification
* Draft, trim, displacement

* Install energy saving device (MT-FAST)

. Weather. * Replace propeller
::a margin * Engine de-rating
. C.

Modifications were conducted on 40 ships

Data and simulations played important roles to optimize ship design
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Anomaly detection from the collected data
- Find trouble phenomenon from the loT data -

Case) M/E (Main Engine) No.3 cylinder abnormal exhaust gas temperature

. @ - - - - - - - - Selest Gote © {uTC)
G P L - - s oW
. } —_— N e ™ ram
. b -
2
)

Increase No.3cyl
ext. gas. temp

13

OZ/U0E LA 1% o W
£ca ouT  ERrSw a1/28 w2 a3

Fo EJAMTDary MEFC AT 1% =

LTS
8 o8Eor o &%

Currees A

Cranne kyme = Fouz = Cuts = UnE e

LLRT R fs)
« 5 W K R oW OE &
]
i
144 44
Adddsada

Malfunction
exhaust valve

1. Visualization of data

2. Analysis by domain experts (marine engineer) . Accumulate cases.
3. Implement automatic anomaly detection functions by using accumulated cases.
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Remote Diagnostic Center

The benefit of Expert-in-the-Loop are

Less detection misses
Less false positive result
Stricter threshold

More learning data
More explainable result

Remote Diagnostic Center (Manilla)

24 /7 monitoring 200+ Vessels Real Time Data

Anomaly Detection System /

Trouble Report

(o (@

Marine Engineer

Controller

P LNE g Initial = NFYK-Eil

=" {ron vusth ‘saisnn Detecti SHUPMANGEMENT ING
etfection

False Low Priority
Alert

Detection

Model Examination, Improvement
(PDCA Cycle)

User
SHIPMANAGEMENT Feedback

= Anomaly Response

12

Crewmember
Advise on Operation
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NYK/MTI R&D projects for safer operation

Open collaboration with industry partners

I ) Structural Health Monitoring BT LR

I_) Damage prevention of engine-powerplant

(@) mLIT CIassNK n i-Shipping(Operation):

Ny of Land, Wfeustructare, Transport and Tourim Japanese government funding R&D
projects — loT for safety (2016-2020)

Joint research with ClassNK
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Internet of Ships Open Platform (10S-OP) 56 members

4 Stakeholder’s role
v Data ownership rule # Accelerate data driven innovation
v Transparent and fair data sharing rule
% Solution
User (SU)

Platform
User (PU)

® Ship owner
Platform Ship data center Solution / @

Ship owne? Provider Provider

@ Data collecti Operator
- ata collection,
Operator P id f storage, Application
P [)OV' derdot standardization service
onco(?laez:tioﬁ : and provision provider Ship management
) . based on
. equipment - :
Ship management ) Data integration IoT data of
and services from other ShipDC @

sources
® — “ Crew

Operator I loS Open Platform I Data Buyer
L’@ Qe Q@

Shipyard, manufacturer, weather service, insurance etc.
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Ship as system

* For safer and greener shipping, complex system will be used onboard and ashore.

* Integrity of complex system will become critical. System conformity and
reliability test will play important roles in system integration.

e System failures may happen and need to be properly considered and managed
both in design and operation.

e Systems may apply Al, which will require frequent update of software programs
or models.

* Cyber security (security by design and security management) is one of the pillars

to achieve system reliability.

16
© 2020. MTI Co., Ltd. All rights reserved.
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Ship and system - today - argo Owne

Society
Port
Transport %
(Shipping) N °
”

NYK GROUP

N
N,
N,
®
N,
N, AN
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. \‘x
N
N,
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Ship
management

Systems are rather loosely coupled
17

Seaworthiness is assured
© 2020. MTI Co., Ltd. All rights reserved.
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Ship and advanced system 6@0 own

Society A

1
7
1
1
7

Port
Tra'nsrfort AP|
(Shipping)

N,
N,
®
N,
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Ship
management

Some elements of seaworthiness rely on external Systems are more tightly coupled

maker or vendor 18
© 2020. MTI Co., Ltd. All rights reserved.
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System integration for computer-based systems

* Shipis considered as a group of functions

* Integrity of each function become more
important, especially for critical functions

* Roles and responsibilities of owner/operator,

system integrator and supplier at each

product life cycle phase are defined in rule

and guidelines

MANAGEMENT
(o

Vessel

System

—

NYK GROUP

System

Sub-System

Programmable

device

Sub-System

|

device

Programmable

Software module

Software module

Software module

Software module

Mote: dashed lines show non-developed branches of diagram

Figure 1 - lllustrative System Hierarchy

(Ref. IACS UR E22 Rev.2 CR)

INITIATING PLANNING

PROJECT

Reference)

EXECUTION & MONITORING CONTROL

M2

Design Group

M3

Accepted

CLOSING

= U DA O
M4 "
Construction and Testing

vs ; M7

Verified

1) IACS UR E22 Rev.2 CR, On Board Use and Application of Computer based systems
2) DNV-GL / Integrated software dependent systems (ISDS), DNVGL-RP-D201 (Edition July 2017)

3) ABS, Guide for Integrated Software Quality Management (1SQM)

© 2020. MTI Co., Ltd. All rights reserved.

(Ref. ABS ISQM)
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V-process for system implementation operation

maintenance

Concept of
Operations (ConOps)

9
%
%
o
3@ Requirement
£
<
2
Y
—= >
Risk Design Sub SyStem
Assessment <
Development Component test

Goal / Concept Acceptance

test

System of
systems test

* To develop shared process, methodology, tools and standards will be the key.

© 2021. MTI Co., Ltd. All rights reserved. 20
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Simulation-based test

e Simulation-based test is
indispensable for evaluating
complex systems

* MIL(Model-In-the-loop)
e SlIL(Software-In-the-loop)
e HIL(Hardware-In-the-loop)

e WL e = §

i
= "
CHLS i
L4

HIL testing [ HIL Simulator
i (“Simulated ' 7 \
e . . . Control signals | {
 Utilization of simulation-based test _ >_ actuators 1 |
. . . Q Simulated 1 | Simulated |
is the key for productivity of system =| measurements | [ g5y ! dynamics |
development, verification & | -seses_ U N -

validation in V-process.

Ref) DNV Marine Cybernetics Advisory
https://www.dnvgl.com/services/hil-testing-concept-explanation--
83385

21
© 2021. MTI Co., Ltd. All rights reserved.
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Contribution of Autonomous Navigation for Deep Sea Going Vessels

Safety

EEEEEEEDN
improvemerf}

Conditional B-1
with high level support

Officer and rating Officer and rating
no support with high level support
Short-term target

Objective
v Improve safety
v" Reduce crew workload

* Regulation change

* Regulation change L )
& & e Technical innovation

* Technical innovation

Conditional B-0

* Regulation change
* Technical innovationy

What do we need? e e TR :.'.. ="
v' Computer complement human factor : Full Autonomous |
v' Good balance of PPTO (People,

Process, Technology & Organization)

Mid&Long-term target

Objective

OPEX reduction v" 4+ OPEX reduction

23
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Manned-Autonomous Ship

AL3

* Cyber access
for
autonomous/
remote
monitoring
and control

= onboard
permission
required

* Advanced support system ... additional functions to assist cognitive process of = *onboard

override
human operator possible

Provided by Japan Radio Co. Ltd.

Information : :

SeefEifaT Analysis Planning Approval
Manned Onboard Onboard Onboard

Autonomous Equipment Equipment Equipment Crew

Crew Crew Crew

Reference : 1) Lloyds Register, “Current and Emerging Cyber Risks facing Maritime Industries”, European Maritime Cyber Risk
Management Conference, London, June 2017

24
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Economic evaluation (case: deep-sea going vessel)

Based on internal feasibility study, at current stage, manned-autonomous
navigation has the highest economic performance with practicability.

B Average Accident loss 1800
1600
B personnel cost for remote
operator 1400
B Additioonal cost for deck
maintenance 5 1200
Additional c.ost for mooring & i>‘f. 1000
cargo handling @
B Onboard personnel cost for q;.} 800
navigation by
® Additional communication > 600 I
cost
Additional maintenance cost 400
W Additional onshore
equipment 0 _
W Additional onboard
equipment Current Manned Auto Remote Unmanned Auto
Cost efficiency Base + - — —
Incident risk + + + +
Workload + + + + +
Cyber risk Base N —
Total reliability Base + — —

25
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Tug Remote Operation Demonstration in Japan

* Objective: Demonstrate Remote Operation Concept

) B ) e ) Objective: Demonstration of the developed technology in
*  Target ship: Tug boat “Yoshino Maru” (Shin-Nippon Kaiyosha) i-Shipping (operation) project (2016-2020) and feedback to MLIT for their
guideline & rule making

* Project period: 2018.4 —2021.3

* Project members: company name (role)

. BEMAC (DPS) original  revised
. Keihin Dock (shipyard)
10.Mitsubishi Shipbuilding (engineering)

1. MTI (project coordinator/concept design)

2. JMS (project coordinator/simulator) |

3. NYK (project coordinator/ship owner) F

4. IKOUS (ship owner) g — =

5. Furuno Electric (navigation equipment) S Gemaneirtion was cominctad n 31 Decomer 2030, o ROC I ishnamiy 500k v

6. Japan Radio (navigation equipment)

7. Tokyo Keiki (navigation equipment) thapceq ;itoation awareness Autonomous Ship Framowork
- Visualize collision risk - APEXS (Action Planning and Execution

8

9

,,\- ‘ System

GARY  NIPPON KALJI KYOKAI

11.Sky Perfect JSAT (satellite communication)
12.NTT DoCoMo (4G/5G network)
13.NTT (system provider)

Received AiP from ClassNK
(Feb 2020)

.

14.Niigata Power Systems(propulsion)
15.ClassNK (verifier)
16.NMRI (risk assessment)

Open Innovation by
Diverse Expertise + Shared Concept + Project Management

26
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DFFAS (Designing the Future of Full Autonomous Ship) Project

* Objective
*  Demonstrate functions for full autonomous ship EAE R TRk ET
* Project consortium & partners M EGURI E./.
=,=,~ | THE NIPPON
e  Consortium: 27 organizations (domestic) 2040 7= FOUNDATION

e Partners: 20 organizations (global)

Organization chart of DFFAS PJ

* Target schedule

* Demonstration in Feb 2022 (plan)

Target ship and route Sontam(’e'r il
Suzaku

Integration &
Demonstration

I |

Emergency [ Autonomous | Autonomous o Centralized Fleet Remote
System Plan Control Information Operation Engine
Management Center Operation

System

Operation Concept (ConOps), Risk Assessment, Model-based Systems Engineering (MBSE), System Reliability Test
by using Simulation and Project Management - Development of Open Architecture & Open Process for Open
Innovation for future complex system development & operation

27
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Simulation-based test in DFFAS PJ

* Autonomous navigation system, a system of
systems, is tested by using simulation platform wsemso

* Reliability of simulation itself is also very
important

CyberSea Configuration for Autonomous Ship PJ Rev2

1 | |
| @ e Wortd ' ! 4
' [ st
ar

Vemaleometen ) dvem
e tber ! Fen

Data Recarder
Vestol datafce}
o

System configuration for simulation-based test

Ship scale-model in model basin

© 2021. MTI Co., Ltd. All rights reserved.
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Digitalization will play important role in
proceeding decarbonization

* System integration and V-process
will be necessary in decarbonization
projects.

POWER PRODUCTION

e Simulation will play an important EFFICIENCY 69%
role in system design, development,
commissioning and operation for

FUEL CELLS (SOFC) 3V§SZ+5E'\ITQIAT RECOVERY
decarbonization projects. —

£

-~

* Especially, combination of \ —\.
SImUIatlon and Optlmlzatlon WI” be FOR BALANCING AND
crucial in system design.

-256°C
HYDROGEN TANK 1900 CUBIC METRES
21 DAYS ENDURANCE

* MTl started simulation team in April  Ref) NYK Super Eco Ship 2050

2020 to enhance simulation https://www.youtube.com/watch?v=bYlcgxqalbE
capabilities.

© 2021. MTI Co., Ltd. All rights reserved. 30
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Challenges when implementing V-Process

1.

Shipping industries have to learn and experience the process,
methodology and tools of V-Process.

V-Process requires large amounts of man-hours and costs. Improving
productivity is necessary. Sharing knowledge, experiences and good
platform as the industry will be the key. Standardization, simulation
platform and simulation models are necessary.

Education and trainings of crews for such complex system and advanced
automation system is crucial. Crews have to take the role of back-up
when system fails.

Collaboration between users (captains & chief engineers) and designers
in manufacturers (system integrators & suppliers) is crucial to develop
practical goal & ConOps.

NNNNNNNN
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Summary

* Digitalization plays important role in safer and greener shipping.

* We are gradually facing the era of ‘ship as system’ and capability of
system integration become critical.

* Players of maritime industry need to learn V-process methodologies and
tools, and to develop shared experiences. Standards, shared simulation
platform and shared model will be necessary.

* Reliability of simulation itself is also important.

* V-Process and shared experiences as the industry will be utilized in the
coming decarbonization challenges.

We would like to seek possibilities further discussion and collaboration with ShippingLab !

© 2021. MTI Co., Ltd. All rights reserved. 32
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Thank you very much for your attentions

Hideyuki Ando
Director, MTI (NYK Group)

hideyuki_ando@monohakobi.com
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