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(201743 AKK)

Containerships (including semi-

containerships and others) Car Carriers

97 vessels / 6,097,420 DWT i 111 vessels / 2,003,750 DWT

Bulk Carriers (Capesize) Tankers

| 99 vessels / 19,119,533 DWT 63 vessels / 9,311,772 DWT

Bulk Carriers (Panamax & Handysize) LNG Carriers

274 vessels / 16,264,631 DWT 29 vessels / 1,414,807 DWT

Wood-chip Carriers Others

43 vessels / 2,321,333 DWT 42 vessels / 695,974 DWT

Cruise Ships
759 vessels

1 Vessels / 7,548 DWT 57,236,768Kt (DWT)
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Now Future

Smarter ship and operation in NYK/MTI
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Wind Resistance Reduced
MT-COWL
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diys

Solar Panel
Auriga Leader

Wind Power Generator
Andromeda Leader

i D Innovative
Air Lubrication System
Air Lubrication System SOYO
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: — —
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‘ Improved [ s e Hybrid Electric Power
Electronlc Controlled E'bgove |

Supply Auriga Leader

rnor Controller

- LNG-Fueled Tugboat m

Sakigake

Super Eco Shlp
2050

Measurement around propeller

LNG-Fueled PCTC
Delivery in 2016

LNG Bunkering Vessel

Y ———— Delivery in 2016
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Martin Stopford, Shipping’s Next Techno-Economic Great Wave, Tokyo, Dec 2015

(http://www.jpmac.or.jp/forum/pdf/106_1.pdf)
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« Automatically collected data (IoT)
* Noon report

T —%

« Automatically collected data (IoT)
* Manual report data

* Maintenance data / trouble data

AIS data
« Satellite AIS / shore AIS (IoT)

|SKT—4
* Forecast / past records

« Anemometer / wave
measurement (IoT)

ESRRF—4
« Commercial data
« Market data
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SIMS (Ship Information Management System)

NYK GROUP

SIMS IoT data

+ SPAS manual data

Data Center

board Sat Com SIMS Monitoring & Analysis
Onboar (VSAT, FBB) at Shore

A

Operation
« GPS (Tokyo, Singapore ...)
* Doppler log i
o Anemometer SIMS unit i = = = Analysis
« Gyro Compass (IoT gateway) (or Big data analysis report
% - Operational efficienc
l | Onboard dashboard | P Y
1 . ) 4 A - Performance - —
PETTLTLLLL oL LA AV ==w
VDR e X I X - Engine & plant Shore Dashboard
condition .
- For operation
Data Acquisition and <——— Motion sensor _ '
Processing For ship manager

<Navigation Bridge> Technical Analysis
<Engine Room & Cargo> (NYK, MTI)
e Main Engine
* Power plant — 3| Integrated
« Cargo control > Automation

o Auxiliary machineries ) System

—>
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Main Engine NO.1 PISTON Cooling OIL
Outlet Temperature (°C)

BZIDIFHBEMICLOTREED
1 DDAFFTHEA0IEFALL LICERS

M/E #1 PIST C OIL OUT T

M/E #1 PIST C OIL OUT TEMP

M/E #1 PIST COOLLOOUT T
M/E #1 PISTONCOOUT T
M/E #1 PISTON CO OUT T

M/E #1 PISTON COIL (PRE) T
M/E #1 PISTON C OIL OUT T

M/E #1 PISTON C OIL OUT T

M/E #1 PISTON C OIL(SDQ) T

M/E #1 PISTON CLO OUT T
M/E #1 PISTON CO OUT T
M/E #1 PISTON CO OUT (S/D_R) T
M/E #1 PISTON CO OUT TEMP

M/E #1 PISTON COOL LO OUT HT
M/E #1 PISTON COOL LO OUT TEMP
M/ENO.1 CYLPCOOUT T
M/E NO.1 CYL P C O OUTLET T
M/E NO.1 CYL PCO OUT T
M/E NO.1 CYL PCO OUTLET T
M/E NO.1 PIS COOL O OUT (S/D)T
M/ENO.1PISTCLOOUTT

M/E NO.1 PISTCOOLO OUT T
M/E NO.1 PISTON C L O OUT TEMP
M/ENO.1 PISTONCOOUT T
M/E NO.1 PISTON C O OUT (S/D)T
M/E NO.1 PISTON C O OUT (S/D)T
M/E NO.1 PISTON C O OUT(S/D) T
M/E NO.1 PISTON C O OUT(S/D) T
M/E NO.1 PISTON C OIL OUT TEMP
M/E NO.1 PISTON C.L.O OUT TEMP
M/E NO.1 PISTON CLO OUT TEMP
M/E NO.1 PISTON CO OUT (S/D) T
M/E NO.1 PISTON CO OUT (SDR) T
M/E NO.1 PISTON CO OUT(S/D_R)T
M/E PCO #1 OUT T

M/E PIST CO#1 OUT T

M/E PIST CO#1 OUT T S/D-R

M/E PISTON CO #1 OUT T

M/E PISTON CO #1 OUT T S/D-R
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IoT data

Cyber
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ngineering

_ mOde|,

Problem solving simulation)

Optimization
Reference)

1. http://www.gereports.com/post/119300678660/wind-in-the-cloud-how-the-digital-wind-farm-will
2. Michael Grieves, Virtually Perfect: Driving Innovative and Lean Products through Product Lifecycle Management (English Edition), 2012
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Considered forces and moments rmEmEn
1. Resistance in still water : E EEE #j |
2. Hydrodynamic forces and moments n %%j/
3. Propeller thrust R ——
4.  Rudder forces and moment
5. Wind resistance
6. Added resistance in short crested irregular
waves
AW X = X,05)+ Xp(B) + A-DX, (N V) + X (BD)
e e A F X 7,) =Ry Vs, B H.T.0)
F/ Y =Y,(B)+ Y (B8)+Y,(V,.1,) (28)
s N=Ny(B)+ Nu(B.8)+ N,(V,.7,) (29)

Yy

Reference) M. Tsujimoto, et.al,: Development of a Calculation Method for Fuel Consumption of Ships in Actual Seas With Performance
Evaluation, ASME 2013 32nd International Conference on Ocean, Offshore and Arctic Engineering(OMAE),2013
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= Alarm Monitor

Bar Graph Alarm List
@ firm @ repose .\ a

Current SEARCH Channel Name Status

The displayed data on "Alarm Monitor" ranges for a maximum - Channel No. « Channel - Date Hours «

of 1 year. S o

Imformation A 0906 G/E FO VISCOSITY 2017/01/11 03:59 15744

D/L Maker TERASAKI
D/LType WE22 A 1705 LOW SULFUR HFO SERV TANK LEVEL 2016/01/01 01:59 24770

SENE SETERE 1003 #1 G/E FO INLET PRESS 2018/10/27 12:59 39
A Alarm

F Sensor Fail
u Undefine
R

Repose

1048 #1 G/E HFO CHANGEOVER VLV 2018/10/26 08:59 67

1004 #1 G/E HT CFW INLET PRESS 2018/10/27 12:59 39

Lastll

Date
201 - Channel No. « Channel - Status «

Start «

A §906 G/E FO VISCOSITY R 2017/01/11 03:59
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IoT Open platform Application / services
(Industry standard I (Competition)

i Shore
Sl I Data Center Service Provider ser
D(?)t;e(rjslt’]etgr Performance ShiF;
L by neutral EB STIETORIFS opereer
M/E body) S
I ; Ship
D/G Software i S H Weather QATIELT
agent 3 — routing
Boiler broadband > _
= Ship
T/G:-- Shipboard O <— é I\ganagemen
Q company
sCeI?\EZr . . Engine
VDR monitoring
Radar I finfifl IoT (CBiET DF/CRISOE BRIFAEIRIE
ECDIS —I - 1S019847 - Shipboard data servers to share field data on the sea
orocd «  MET—HY—/\—(CRODESNDHEEEMHICET DHUE
BMS appiffation
- Weather « IS019848 - Standard data for machinery and equipment part of
Cargo routing Shl
crane RS WIOTF —H &M, F—FIA—<v NMCBIT 358
« Engine
mantenance 4 | _ﬂ f
+ Plant
operation EZKEEUEE Iﬁ/ﬁ\ I\j_ tb__ / =3 /ﬁﬂ%/E\(SSAP) &
. optimization ﬂ“ﬁjﬂ*ﬁ'ﬁhﬁﬂj‘btﬁ EI:E
L~
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I1SO 19847

Shipboard data servers to share field data on the sea
iR LT —AF Y —)(—(CRDENDEEEEHF

fit £ —HY—)\—

Input Data Input Function Output Function Output Data
ECo1162.1/5 Data Data Streaming Streaming
] Streaming Transport IEC61162-450
Sentence data .
service
Data Stored Request-Response
ISO FDIS 19848 Transport ISO FDIS 19848
Format data erice Format data
<> File
File based on Transport File based on
ISO FDIS 19848 Stored Data service ISO FDIS 19848

© Copyright 2018

MTI Co., Ltd.



I I Monohakobi
Technology Institute

ISO 19848 MIoTF — 92, F—9 I — v Mtk

\ . W -
Standard data for \ \ http:/data.shipdatacenter.jo/imo1234567/
m achinery and @b MainEnqine/Cvlinder2FO/ln/T emp

- T n

equipment part of ship

http://data.shipdatacenter.jp/imo1234567/
MainEnqine/Cylinder1/ExhaustGas/Temp

* ID of sensors g
* URL compliant naming scheme

* Dictionaries (informative) JJ/«./
 ISMEA (BAMATESR) -

* DNV-GL Unit:°C |
4 Range:0-700 UniteC
 Data model Ng L ¥ Rahge:0-150| -
* Data channel list (meta data) K\
 Time series data (data) . M :
~
e Data format : R,
XML with schema definition ' T
* JSON (informative) XML/JSON XML
e CSV (informative) CSV
' TimeSeries DataChannel
Data 4 List L
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IoT Open platform
(Industry standard I

M/E
D/G

Boiler
T/G:-

VDR
Radar
ECDIS

BMS

Cargo
crane
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Software
agent

Shipboar O

. ddata
server

br

application i
- Weather
routing
Performance i

Engine

monitoring
maintenance

+ Plant
L operation
' optimization

Data Center !

Data center
(operated
by neutral

=
NYK GROUP

Application / services

IoS-OP>YV—>7 A

ShipDC
(ClassNK)

by neutral
body)

I Europe

Security / access control

(Competition)
B i i .
Shore
Service Provider User I
Performance | Ship
monitoring operator I
Ship
owner I
Ship
' Managemen
t company
1 Class I
Society
- Shipyard I
anagement |
Engine
maker
Remote
maintenance Ship
equipment
maker I
Marketing
and I
Big data
analvti
.
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Internet of Ships (IoS) Open Platform

Roles are defined and each player provides their expertise on the Internet of Ship(1oS)
platform. Data governance and business rules had been built by IoS OP consortium

under ShipDC.

@ solution USEr
Platform (SU)
User (PU) @
Ship owner
. E Platform | Solution /
Sh|p me_rﬁ oo Ship data center Provider @
o ) Operator
(S) ata collection
) stora : icati
_ ge, Application
Operator PLOVIdde:jOE standardization service
onboard data and provision provider Ship management
— coII_ect|on based on
Ship management G%UIPm@t Data integration IoT data of
and services from other ShipDC
sources “ Crew

@ -
Operator I IoS Open I Data Buyer
b Qe e®

Shipyard, manufacturer, weather service, insurance

© Copyright 2018
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e ! )
Shipping Manufacturer _
. Safety operation . In-service - Remote Class _?oc'_etv_ |
« Vessel performance condition »  Utllizalion in class
. . . Inspection
performance analysis of monitoring
analysis delivered ships Remote Insurance
Fleet operation Feedback to new diagnostics «  New services
optimization ship design After service
Weather routing support Regulatory use
« Data reporting
g J
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Integrated Navigation Support System J-Marine NeCST

NYK/MTI and Japan Radio Co. Ltd. jointly
developed navigation support tool that enables
officers to better manage and share navigational
information (Press Released at 17t" May 2017)

* Gathering all necessary information for
navigation by using loT

* Integrated navigation information
management system

* Contribution to safe & efficient
navigation

<Features of J-Marine NeCST>

1. Handwritten inputs

2. Compatibility with ECDIS

3. Implementation of meteorological and
hydrographical forecasts

4. Information sharing with other ships and
land

5. Flexible customization

J-MARINENeCST

43
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NYK activities toward Autonomous Ships

» Objective
v Improve Safety (reduce the number of accident)
v Reduce workload (new approaches for future crew shortage)

> What do we need ?

v Advanced support by computer systems (fully utilizing computer power) =
Complement human operations

v At the same time, PPTO (People, Process, Technology and Organization) is
important

» How to approach ?

v’ User-centric ... Involvement of experienced captains with know-how, skills &
experiences to lead projects to the right direction

v Continuous improvement ... identify the right issues to solve and improve step-by-
step (bottom-up approach)

v Open collaboration with best partners

© Copyright 2018
MTI Co., Ltd.
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Manned-Autonomous Ship

et
NYK GROUP

AL3
* Cyber access
for
autonomous/
remote
! / monitoring
. . and control
Provided by Japan Radio Co. Ltd. « onboard
o e ; ; g permission
Advanced support system ... E.ld.dltlona! fun.ctlons to assist cognitive process of e
human operator based on existing navigation system « onboard
override
* Autonomous operation under approval of human operator possible
Information : :
L Analysis Plannin Approval
Acquisition y g PP
Manned Onboard Onboard Onboard
Autonomous Equipment Equipment Equipment Seafarer

Seafarer Seafarer Seafarer

Reference: 1) Lloyds Register, “Current and Emerging Cyber Risks facing Maritime Industries”, European
Maritime Cyber Risk Management Conference, London, June 2017
© Copyright 2018
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Action Planning System (APS)

—
NYK GROUP

» NYK group aims to define a manned-autonomous system framework as
Action Planning System (APS) and to clarify requirements for APS throug

open collaboration.

Control unit/

Actuators

Human’s verification Human in the loop

A

A

Action Planning Unit Action Plannln.g <
Analysis

ECDIS/ARPA

Information integration
(by Integrated Navigation System)

Sensors

46

Remote
Concierge

Value added
Information
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APS as an open requirement

to realize Manned-Autonomous Ships
R&D Concept Demonstration Product

Maker A

;/-r’-’-

— Maker B

Target of AiP

Maker C

4 7 © Copyright 2018
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Economic evaluation (case: deep-sea going vessel)

et
NYK GROUP

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

H Average Accident loss 1800
1600
B personnel cost for 1400
remote operator N
T 1200
m Additioonal cost for decks
maintenance B 1000
U]
m Additional cost for g 800
mooring & cargo Y 600
handling -
B Onboard personnel cost | 400
for navigation
200
m Additional
communication cost 0
= Additional maintenance Current Manned Auto Remote Unmanned
cost
Auto
Cost efficiency Base + - — —
Incident risk Base + + + +
Workload Base + + 4+ + +
Cyber risk Base Base - -
Total reliability Base + - -

© Copyright 2018
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Our agenda for autonomous ship R&D project
Selected as one of i-Shipping (Operation) projects (2016 — 2020)

. .. i-shipping(operation) 2016 - 2020

Objective s

—J—__ _ “Collision risk judgment and autonomous operation”

* Collision avoidance Project partners: NYK, MTI, JMS, Furuno, JRC, Tokyo-keiki, ClassNK
* Reduce workload onboard

Measures

*  Enhanced situation
awareness

e Support decision making
e  Support from shore

e Remote control

Remotely controlled
Full-mission simulator
Shore-shore remote control experiment (Oct. 2017)

Remote control station

Q1: How we can assure safety level of the new system? -> How we should contribute to
the discussions in IMO/MSC (e.g. COLREG & STCW)

Q2: How we can get approval of the total system? — e.g. Software reliability, man-
machine system, communication, data, cyber security (e.g. Class guideline & notation)

© Copyright 2018
MTI Co., Ltd.
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Q1. regulatory issue

In IMO MSC 99, the degree of autonomy for the RSE(regulatory scoping exercise) is defined as
follows.

(.1 Ship with automated processes and decision support: Seafarers are on board to operate and

control shipboard systems and functions. Some operations may be automated.

.2 Remotely controlled ship with seafarers on board: The ship is controlled and operated from
another location, but seafarers are on board.

.3 Remotely controlled ship without seafarers on board: The ship is controlled and operated from
another location. There are no seafarers on board.

.4 Fully autonomous ship: The operating system of the ship is able to make decisions and
determine actions by itself.

Our current focus is ‘manned-autonomous ships’, which will be either category 1 or 2,
and it doesn’t conflict with any regulations in our understanding. However, to run demonstration

project smoothly, we are starting discussions with relevant stakeholders.

© Copyright 2018
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Q2. System reliability — class matter

» Class societies are publishing guidelines for
autonomous ships DNV-GL
v Eg.
v Lloyds Register, “Ship Right: Design Code for CLASS GUIDELINE
Unmanned Marine Systems”, Feb 2017

v" DNV-GL,“CLASS GUIDELINE: Autonomous and remotely
operated ships”, Sept 2018

v Class-NK,“Guidelines for Concept Design of Automated
Operation/Autonomous Operation of ships”, June 2018

DNVGL-CG-0264 Edition September 2018

Autonomous and remotely operated ships

» The methodologies and system approval framework
are being established
v Definition of Concept of Operations (CONOPS)
v’ Risk Assessment e.g. HAZID
v Simulation-based test

The contert of this service document i e sstoect of intafiectusl property NGhts reserves by ONV GL AS "DV GL°). The wer
mcrapts that it (s protytated by smpsne st et DNV GL and/or its icenmees to offer nd/'or perform classfcation, cersfcation
and/or vertficaon services, NCUNG the Bssance of certifcatim and/or Seclarstions of conformity, whally o partly, on the
baus of ancior purssant 1 this decurment whether free of charge or chargmatile, without DIV GL's prir writhen consert
DAY GL w mct responuitie for the corssquerces srung $3m any wae of ths document by cther

> NYK Group started discussions with DNV-GL and
ClassNK to receive their AiP (Approval in Principle) for
APS concept

The sactranic pOf veraien of This Gacumast. wvsiatin free of charge
Tram g, | e G com. 4 (e oM lhy brding v s

DNV-GL Autonomous and remotely operated ships, Sep 2018
http://rules.dnvgl.com/docs/pdf/dnvgl/cg/2018-09/dnvgl-cg-0264.pdf

© Copyright 2018
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Demonstration Project in Japan t/w MLIT

>

Y V V

52

Objective: Demonstrate APS concept

Target ship: Tug boat (Wing Maritime Service Corp.)
Period: 2018 — 2020

Project members: company name (role)

MTI (project coordinator/concept design)

JMS (project coordinator/simulator)

NYK (project coordinator/ship owner)

IKOUS (ship owner)

Furuno Electric (navigation equipment)

Japan Radio (navigation equipment)
Tokyo Keiki (navigation equipment) 2019 2020
BEMAC (DPS)

. Keihin Dock (shipyard)

10.Mitsubishi Shipbuilding (engineering)

© o N YA wN e

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

13.NTT (system provider)

14.Niigata Power Systems(propulsion)
15.ClassNK (verifier)

16.NMRI (risk assessment)

© Copyright 2018
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2025FEDEFEMOEIRZHIEI T IS X5 /0ne Sea (BEBTI1 >35> R) (C
FPTHIDA)\—E U TEHE (20184F5H)

« One Sea

One Sea Partners

ABB
Cargotec
Ericsson

Finnpilot Pilotage
Inmarsat

MTI (NYK Group)
Kongsberg

Tieto

Wartsila

One Sea members

53

AbBB

Sumez

=
=

ERICSSON

®

FINNPILOT

®)) SHIPBROKERS
V) FINLAND

BUSINESS
FINLAND

))w
inmarsat

I I Monohakobi
Technology lnsiuse
tieto

WARTSILA

o0 Suomen Satamalitto

DIMECC

Maritime logistics chain

Port systems {

Harbour

Cargo Traffic Feeder
broker control traffic

o Inland
Fairway traffic

Ship systems

-
Accommodation handiing m
Loading

t SW systems || Yard systems

Application of technology

SELEROMRIT 7
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, - N
HIL testing HIL Simulator
- [ “Simulated ! T \
Control signals . alct::atars :’ |
Control ||  simulated - 1- -~ | Simulated :
=| eacurements | g = = Y— — — dynamics
system  Measurements | [ i ns ] | dy I
_sensors_ '\ _ .

5|A) DNV-GL Marine Cybernetics Advisory
https://www.dnvgl.com/services/hil-testing-concept-explanation--83385
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R Open Simulation Platform JIP (OSP-JIP)\NDZH|

OPEN SIMULATION PLATFORM

Joint Industry Project for the maritime industry

https://opensimulationplatform.com

BEEENETNERBLANS, BHLHRE AT LAONE . BIE, YATLARE. &, ANL—
SAVROREZFERTEDT IINYA I AT AOMEIIZ2HE T,
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OSP Architecture

The Open Simulation Platform Architecture

Visualization

Co-simulation
Master Algorithm

Monitoring
& Control
Test tools system

Scenario

management

Automated testing

HIL

components

S
&
©
-
=
(@]

Remote
interface
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Cyber Security

HESZFAOT)DBAN—EF1UF 1 —2iHE, BHROHE:
ML SERET. SAIYAUNEEBLTITS,

Rl Cyber security guidelines in shipping
THE SADRLES ON 1) « IMO, MSC (98) - Cyber risk management onboard
CYBER SECURITY ONBOARD SHIPS i ’
" ships should be included in SMS as of 1 Jan 2021
(Jun 2017)

« BIMCO - the guidelines on cyber security onboard
ships — version 3 (Nov 2018)

« ABS, DNV-GL, LR, BV etc. - Guidelines and
notations of cyber security onboard ships (2016)

- IEC 61162-460 - Safety and security standards
for navigation and radio communication equipment

« IACS Maritime Cyber System Recommendations
(MCSR)

Pradaced 4ad cupponnd by

BIMCO CLIN & Hiro-iowons (D mrencasce

Cyber security guidelines
« NIST Framework and 800-53 - computer
The Guidelines on Cyber Security security policies, procedures and guidelines

anboard Ships - Version 3, BIMCO — Nov 2018 + IS0 27001/2 - ISMS: Information Security
Management System

Source) BIMCO
https://www.bimco.org/products/publications/free/cyber-security

© Copyright 2018
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( ) * (BIMCO guideline)
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URIIFZ—T A FDSMS { E3[my ) PO ' %E’f%
(Safety Management System) \ HARSA> L ' ISO TC8/SC1/WG6 1 joint
NODECEK (ZOZIEIHJ/){B%) ~ P - e Working
Group
&fin %’*& Framework/Program/Guideline
LR --- Cyber Security Maturity Framework
ABS --- CYBERSAFETY Program IACS - Cyber
<<HA)\—LSUF DNV-GL --- RP: Cyber Security Resilience Systems Panel
> MB(EFFE>> Management
- (FnShe) ClassNK --- Cyber Security Guidelines
I A
Security Test
« DNV-GL --- DNV-GL
resmEEanenEE. I Marine Cybernetics
: « LR --- QinetiQ =3 NIST Framework <
: - ABS
= ) 1 - BV L .
| RS ! NIST 800 series
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4. T—ARBDEHDA-T>TS5v 8 ITA—/I
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- 2050(CmiFI=tE8 -

T NYK SUPER ECO SHIP 2050
IR HRROBE T RILFE—% 201 4ERIEIE6 7 Yo i,

MENEE L REPEEL RS i
- = RS IR,

KIBHHE sezam [ L B
9% . BRI cUlm

outu.be/OKakRA2D7KU
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2006/20145E 3B 1EMAN NYK SES 2030
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NYK SES 2050
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A 100%
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« Integrated operator and
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