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Established - April 1, 2004

* Locations
— Head office — 7t floor, NYK building, Tokyo, Japan
— MTI Singapore branch
— MTI Yokohama Laboratory

e 100% owned by NYK
* Number of employees — 63 (as of April 1, 2015)

* President — Mr. Makoto Igarashi

* Business areas
— R&D of Maritime Technology
— R&D of Logistic Technology

Please visit our web page -> http://www.monohakobi.com/en/
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Examples of MTI R&D projects

Reduction of resistance Propulsion efficiency
Air lubrication system Energy saving devices

Power plant efficiency Operational efficiency
Hybrid turbo charger Performance management system
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loT (Internet of Things)

Instrumentation and control

Automation
Serial, Serial Bus | L= eelglpl=iei=le!

computer

-
" NYK GROUr

Internet

IP/Ethernet

Serial, z_erial Bgﬁ, Analog

Machinery

* PLC: Programmable Logic Controller

“Instrumentation and control” and “Internet” are to be bridged.
The era of “transparency” where user can access field data.
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Big data in shipping

Examples of Big data in shipping

Voyage data
e  Automatically collected data (loT)
* Noonreport

Machinery data

e  Automatically collected data (loT)
*  Manual report data

* Maintenance data / trouble data

AlS data
*  Satellite AIS / shore AIS (loT)

Weather data
*  Forecast / past statistics

e  Anemometer / wave measurement
(loT)

Business data
*  Cargotransport data
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Industrial Internet - example of GE
(IoT of industrial machineries)

Target o o
. . L he data that is
* Prevent unpredicted downtime Self-monitoring : ;

: L received and recorded
turbines transmit

enables the discovery
sensor data

« . . . of opportunities to
* Energy efficiency in operation rmmm e : ower minisnance
 Reduce maintenance cost | = | o

N =
Measure / l\

|

|

|

|

@, -~y
. . . . 0
* Condition monitoring / l\ - - -
. . S equipped with the ~
*  Big data analysis I\ - o N—
efficiently complete

* Support service engineer

— the task at hand
+ Intelligent machinery - L Q oo s
--- > -

©

— - Datais sent back maintenance

- Self diagnostics to the Industrial

Internet, enabling
remote collaboration
and future use

. The Industrial
Change way of working Internet@Work

Reference) https://www.ge.com/sites/default/files/
GE_IndustrialinternetatWork_WhitePaper 20131028.pdf
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Same concepts are applicable
to marine industry

Target
* Prevent unpredicted downtime (owner)

* Energy efficiency in operation (operator)
* Reduce maintenance cost (owner)

Measure

* Condition monitoring

e Big data analysis

* Support service engineer

* Intelligent machinery
— Self diagnostics

Change way of working
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loT and Big data application areas
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Ship operator

Role Function Example of Big data application
* Energy saving operation
Operation e Safe operation

Schedule management

Fleet planning

Fleet allocation
Service planning
Chartering

Ship owner

Safety operation
Condition monitoring & maintenance

Technical : . :

* Environmental regulation compliance
management :

* Hull & propeller cleaning

e Retrofit & modification
New building * Design optimization

Other partners in value chains, such as cargo owners, shipyards, equipment manufacturers,
class societies and others, have also interests in ship Big data.
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Big data processing flow
— — — )
Environ Situation . _
Data Inform Awarene Decision Action
ment ation ss making
— — . ) —
Sensor « Data analysis *+ Business * Management + Command
Necessar Measurement +  Statistics knowledge  Business . Ass_|s_tance
Technolo ! Network « Engineering <+  Workflow »  Training
9y Communication + Visualization «  Collaboration * Incentive
IT «  Web «  Organization - PR
« Change
Business

“Big data” is an organizational process
The target is to change way of working by utilizing data
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SIMS overview

SIMS auto logging data (per hour)
& NYK’s electronic abstract
logbook data (per day)

Data Center

SIMS Monitoring & Analysis

VSAT/Inmarsat-F/FB System at Shore
A Communications via Technical Management
Feedback to captains —- : = Operation Center
« GPS e o R -igjc_- (London)
Tatad B
» Doppler log TR hl ' —
o Anemometer -~ e S=SS M
SIMS unit i2i0) Ap— F Report
o Gyro Compass @/ — -
¢ i _ Voyage Analysis Report ‘ |
T Viewer Break down analysis of fuel IR R |
N consumption for each voyage
VDR . ‘..- st — v SIMS Viewer
e -Trend monitoring of speed, M/E
Data Acquisition and <——— Motion sensor RPM, fuel consumption and other
Processing conditions per hour
<Navigation Bridge> Techni(cal A)nalysis - Engine monitoring
MTI

<Engine Room>
¢ Main Engine —>
* FO flow meter ——»|  Integrated
e Torque meter —> Austog::;on
¢ Re-liquefaction Plant ——— i

14
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Open platform = interface to 3'd party applications

Ship LAN SIMS uses Furuno Open Platform (FOP)
(Supplied by Furuno Electric Co.)

Broadband
Email

VDR
E'I‘)g/'fe : SIMS unit
Onboard

1
1
i
\
w
‘ . |
i T | SIMS applications :
I p— |
I
] I Vessel |
. Performance
s | eeeenm— |
1 1
1
: e 3rd party applications I
1
T I Vessel |
Equ;‘::gent Performance I
machineries I
)

=

H Vessel Performance

LT
Hn.!'
"'F-.

Shore LLT

\»

SIMS applications

H Fleet Monitoring

3 party applications

=== \/essel Performance

=== \Weather Routing

=== Engine Monitoring

Remote
Maintenance

SIMS also works as a
open platform to
collect onboard
equipment data and
share them with 3
parties’ applications.

SIMS uses Furuno
Open Platform (FOP)
supplied and
maintained by Furuno
Electric, one of the
world-wide marine
equipment suppliers.

SIMS provides open
API (Application
Programming
Interface) to 34 party
applications.
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—
) Performance analysis
Dashboard
- “os Big data F 1
. tivome * Long term analysis
} ' Ao Data warehouse
2iEload | (Cloud)
IoT data + Voyage +
* For operator Weather
For ship manager * In-service performance
) 9 model
a , , N\
Business Intelligsence (BI)
, 4 —1“%
.l"ll. iIIII_
—— _--lllllllll-
\_ Data download BI tool J
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Dashboard

 Example) Dashboard for ship manager

Support safety management of fleet

Cra— ] urc ome 2013713709 169

ACX DIAMOND o ‘
o () o ; ECA - M/E FO In T 137 °C 7
L NYKADONIS & || 0000 o I |
e e aimioy
& NYKAQUARIUS . = . o Next Port SHANGHAI PILOT STATION ETA 2008/12/24 8:00:00 (LT)
L NYK DELPHINUS ® Y
g ;@ M/ELoad 30 % - ETA - knot
o NYKDIANA ® —~ PIELIRN
1 : ——= Port FO-1 FO-2 MDO GAS
3 NYK EUII § M/E No.i Exh Gas Dut T Under Lower! Dete
M/E Nc 3 Exh Gas Out T Under Lower! | TOKYO 2015/11/15 0 0 400 0
L NYKLODESTAR L mo e e
| 1000 m | NEW YORK 2015/12/17 1500 0 0 200
L NYKOCEANUS . rsen © OpenStreetMap contributors
Wave Heightm] Ow= lmm 2mm 3=0 4 Smm 6 7mes Qs Smem 10mm 11 <mm ANTWERP 2015/12/29 0 0 0 350

Map Torque T/C Scav. D/G ExhGas Alarm

Exh Gas JCFW Scav.A FO LO
=100
+ 100
: Maxq 50 M/E Load @100 M/E Rev @120 Speed

e I e 50 13 % 51 rpm 195 kot
] E2 11.4 knot
- 60 " 0
Under Construction
@ 84c @ 55« > < L

_ : 137 0® FOPres 0% (OPres 12 OWME T Rev 140
© 82 @ 53¢ G 0.83 Mpa 0.287 P2  ©H 28 xi0mm
@ 81 ¢ @ 50 ¢ B2 Cut x100 rpm
= 28 x100 rom
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Business intelligence (BI) tool

e Quick visualization of data
* Business experts can be the best data analysts

e Standardization of data naming is very important to accelerate
data usage

Data analysis with Bl tool
(e.g. comparison of engine data of
multiple vessels )

Download data from multiple vessels
(Data Finder)
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Business intelligence (BI) tool

 Dashboard created by using Bl
— Easy to make (rapid prototyping)

— Easy to customize

2.2, Operation Profile Data ("t Sea” Opuration only)

(O e = = =T S L WL
- ==
- i
; I I | I |
-ﬂl I-.. - - [ — "

Depth of Sea (m) T v b

Tan RATEIR WER mAw wes maoos

--..llllllll;___- :

Filtering data Statistics e.g. operational profiles
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Performance analysis - long term analysis -

Performance analysis
Semi-automate the long
term analysis process

Performance
Management

Monohakobi

Technology Institute:

=

Pick-up target vessels
Visualize performance drops
of fleet vessels after last dry
dock

Operation
Management

Monohakobi

Technology Institute:

Cleaning hull & propelle

Expand service available
ports

Hull & propeller
Cleaning
Service Provider
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Performance analysis - in-service performance

6000TEU Container Ship
Wave height 5.5m, Wind speed 20m/s
BF scale 8, Head sea

@ engine rev. 55rpm
<Calm sea performance>

speed: 14 knot
FOC: 45 ton/day

|
N/

<Performance in the rough sea(BF8)>

speed: 8 knot
FOC: 60 ton/day

Effecting factors
1. Weather (wind, wave and current), 2. Ship design (hull, propeller, engine), 3. Ship
condition (draft, trim, cleanness of hull and propeller, aging effect)
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In-service performance model

<Target vessel>
6000TEU Container
Draft 12m even

NYK LIN

Sea condition
Beaufort scale

-
" NYK GROUr

wind speed | yave heigh

(m/s) umy

wave period
\dGL/

BFO| 0.0 0.0 0.0
BF3| 45 0.6 3.0
BF4| 6.8 1.0 3.9
BF5| 9.4 2.0 5.5
BF6 | 124 3.0 6.7
BFE7| 15.6 4.0 1.1
BF8 | 19.0 5.5 9.1
BF9 | 22.7 1.0 10.2

Odeg (wind, wave) — head sea

+

t

FOC [MT]

Wind and wave effect

HHH

Base line performance

J 85rpm

— BFO
~ BF3 (Odeg)

~—— BF4 (Odeg)

~ BF5 (Odeg)

BF6 (Odeg)
BF7 (Odeg)

- BF8 (Odeg)
— BF9 (Odeg)

speed [knot]
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In-service ship performance model

Selex CSV

Show by 20

3‘:‘:'1".'!14:7211:!113
ARRERRRRRS
AP-1Rah-dh S LA g (Rlp

Discrete Data Set

Analyss of Shp Data | Analyss of 53se Line | Tren Chant

ject Condton: Descrete Value
Select Fle Sec Show Dala Tadie Draft = & = Trm
Show by 30
it
~. Teme Nave o

Dataset -

Estmation of Continuous Mode

modified }\>

original

It is a “Digital Twin” of
each ship regarding
performance in-service.

Performances under all
possible conditions (draft,
trim, wind, wave) are
integrated in the model.

Simulation results are
compiled into a multi-
dimensional mathematical
model.

loT data are used for
correction of the model.
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Operation optimization with
in-service ship performance model

Service route
L —— -;\y_A_.l".' 9 J Estnated Sea Margin

[ —

00 183 ’
A L
1hos 1124
100
1% 3% 03 24
[ l I I I 1
s I l
w1 W Ma M M Ae W Mg S BT Ao O

Eslimated Sea Margin

i e
' ey
(& t
2/ .-
s
.. AAN I e 11
3, I LT
098
I | P =
m Fo M A vy hn M Ag W Oa Rov Da

Estimation of

- Sea Margin

- Sailing time

- Average Speed
Hindcast weather data - Total FOC

In-service performance model

Simulating ship performance in actual weather to optimize ship services
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loT for preventive maintenance

Target
« Prevent unpredicted downtime

« Energy efficiency in operation
e Reduce maintenance cost

Measure

« Condition monitoring

« Big data analysis
 Support service engineer

« Intelligent machinery
— Self diagnostics

rtT1T11 111
e @+0+0-0-0-0-0-0- -

h time

Collaborations with external experts are necessary

Shore dashboard
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Concept of ship — shore open platform

Ship—shore open platform provides good security and access control to enhance cooperation with
industry partners.

{’ —————————————————— \ FrT T T T T T T T T T T T T T N
p " ) i~ati User
, Ship — shore:operfl platform Own application
[ VDR I I Owner
:‘ g i i :1d ! Fleet management]—'
" N Broadba \ Operat
: Engine Onboard | Data —
Performance

. D /L y data | Center __l—{ rfor }— P
[ server I (neutral owner
VR ! (standardized) I I d o
I i IAS . | : body) 3rd party application Ship
I i I I manageme
| —— I | == Performance ™ "t
I (Tt M I | .
¥ : Own application I I Shipyard
| —
: ; | | | —= Remote diagnostics ™ Class
M . —  Performance , | ,
I ) Ship LAN | |
I Mac inery [ I o o Manufactu
:& Equipment 31 party application : : ==Condition monltorlng—' ror

I
I . I
I == Weather routing | I\ == Fleet management =
S 7 N o e e o o e e e e e e mm mm Em = /

N . S S S S S S S DS B B B B B e e e e e e o
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Smart Ship Application Platform (SSAP) Project
- A standardization activity regarding ship IoT data -

http://www.e-navigation.net/index.php?page=ssap-smart-ship-application-platform

[rcer Search. | submi|

« Submitting Organization:Japan Ship Machinery and Equipment Association (JSMEA) Smart Ship Application Platform WG
« Point-of-Contact: Dr. Hideyuki Ando (MTl Research company of NYK group) hideyuki_ando@monohakobi.com
« Functional Capabilities: Provide ¢+=== - - - maab!
condition monitoring, Power plan
* Intended Purpose:gThe target is t Pronosals for new ISO
and international standards of da
onboard machinery and equipme
» Portrayal examples:Not specified

« Last edited: April 22, 2014 * 1SO/NP19847 - Shipboard data servers to share field data on

the sea
Description » Specifications of shipboard data server
Smart Ship Application Pla
1. Genaral information * |SO/NP19848 - Standard data for machinery and equipment
m— part of ship

* Specifications of naming rules for shipboard data channel
Name of testbed
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Expected Applications of Ship loT and Open Platform

Role Application of Ship loT and open platform

Ship owner and operator needs applications for energy saving, minimize downtime, safety

Shippin . .
PPiNg transport and environmental conservation
Manufacturer Remote diagnosis, preventive maintenance and self diagnostics
Shipyard Data analysis services for ship owners, life-cycle support and feedback to new design

Fleet management system, big data analysis services, condition monitoring services and loT

Service provider
P platform

Research on big data analysis, numerical simulation methods and digital twin. Education and

algzle G trainings.

Class society Shore data center. Class inspection

Government ... utilization for e-navigation and MRV
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R&D by open collaboration

2015703128 14.48:50

In the coming era of ship intelligence, we think we need
open collaborations to pursue wide variety of
possibilities to improve our safety and efficiency
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Concluding remarks

* From our experiences with SIMS, we consider the concepts of loT
and Big data are applicable and making values to our shipping
industry.

* To pursue further utilization of loT data, we need open
collaboration by sharing the data. We are working on
standardization of loT data collection and open platform to share

the data.

* We hope to keep good communication and collaboration with the
maritime industry in Norway also in the coming ship intelligence era.
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