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Information is collected in the cloud and shared with land

Information is shared as knowledge for
avoiding risks and ensuring safe operation

Lt

Head office L

W o

© 2021. MTI Co., Ltd. All rights reserved.

hd

NNNNNNNN




I I Monohakobi /ﬁ
Technology Institute NYK GROUP

NYK Effort to Ensure Safe Ship Operations by Enhancing Capabilities That Produce Safety

SIMS Ship Information Management System
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Sharing of data on ship
operations, fuel efficiency,
and sea conditions

Introduced on
Approximately

200 ships
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Using Ship IOT to Ensure Safe Ship Operations by Enhancing Activities That Improve Safety

Industrial IoT system to collect and
compile all digital data onboard a ship Data Viewer Application

Data Analytics Application

Also called as VPMS (Vessel Performance
Monitoring System)
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Used for many value-added
activities

AC100V/200V

Can I rely on
these data for
analysis?

Are these analysis

consumed by the end-user. reliable?
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The Heavy lifting is not the analytics part

[ Assusnpsion Reality
)

Gathering Data
‘ Data l ‘ Heavy lifting

DataOps
L / Change in metadata
| Change in data infrastructure
Dats ;:: Data quality issue .

MNew model
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m ) Change in biz

Model .
" requirement

/_)\'ﬁ When to change model?
Which version to run?
kiﬂiei) Model not working?
MLOps

Applying the Model ﬁ.

Heavy lifting
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The Journey of NYK IoT Data Quality Management System

Examine Data
Management
Principle

& The Purpose
of Data

System-Wise Development
Examine

appropriate DQ
dimension

Examine
Appropriate

Examine
Common Data

Quality Issue Data Quality

Framework

Define Role &
Responsibilities

Process-Wise Development
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Build Mock-Up
Data Quality
Management

System

Generate Use-
Case Scenario to
Solve Data Issue

Create HMI
Interaction
Procedure

Disseminate
Activity Plan
Company Wide

—
NYK GROUP
Monitor &
Improve The
Process
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Data management is a complex, with data
governance at the center and the other
knowledge areas are balanced around the it.

NYK focuses on data quality monitoring
and management since there are
immediate needs to ensure good quality data
supplied to data-driven analytic solution.

DQMS is organized as development of
system, and continuous coverage of
process & people

All internal stakeholders need to commit
and we try to provide the values with
Immediate needs while touching other part
of BOK

Scoping of Data Quality Management Projects

Data Data Modeling
Architecture & Design

Data Storage
& Operations

Data Quality

Data Data

Metadata .
Governance Security

Data Warehousing
& Business
Intelligence

Data Integration &

Document
& Content

Reference
& Master

Data Management

Data Management Knowledge Areas
Source: DAMA




B0 A Specific Purpose

Data quality has to be maintained in

order for the advance analytics model i
to perform as intended ﬁa
[perience :
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Anomaly patterns _ tab: SIMS box collect data from various onboard

equipment and pre-process the data at the

._ edge and send to shore database
Vicss=""

Data in the shore database went
through primary analysis and stored

at data warehouse

— - 2 Tt operators OEMs

SHIP MANAGEMENT

Coordination Coordination

.monohakobi.com/en/news/mtijournal/hangga/

* Potential data source in edge-computed anomaly detection
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Purpose: High Data Quality Level to Support NYK Digitalization Activity

Digital
Transformation

Current
State
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GARBAGE GARBAGE

DATA == RESULTS mng i
o International _ 9 Condition Based Maintenance

Standards

Digitalization Activities
Of Ship Operation

Business Target

Reduce workload of crew

Reduce downtime of asset
Improve Collaboration

New Revenue Generation

Digi lass

C
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Da ver £ - y
ISO 8000 BHERA0I—F/WI0 1 4 J
Dp [ * User Defined Formula
Data Buyer %i{f b An Omaly Detection
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Many other use cases

Safety operation
Vessel
performance

analysis

Fleet operation
optimization
Weather routing

Shipyard

In-service
performance
analysis of

delivered ships
Feedback to new
ship design

Manufacturer

Remote condition
monitoring
Remote

diagnostics
After service
support

Class Society
*  Utilization in class

inspection

Insurance
* New services

Regulatory use
* Data reporting
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The flow of NYK IoT Data Quality Management System

Examine The

Purpose of Data

& Data
Management
Principle

System-Wise Development

1

Examine
Common Data

_ Examine
Quality Issue

Appropriate
Data Quality
Framework

& Scoping of
Solution

Process-Wise Development

© 2021. MTI Co., Ltd. All rights reservéd.

Examine
appropriate DQ
dimension

Define Role &
Responsibilities

Build Mock-Up
Data Quality
Management

System

Generate Use-
Case Scenario to
Solve Data Issue

Create HMI
Interaction
Procedure

Disseminate
Activity Plan
Company Wide
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Risk of Data Error in each data lifecycle

REFERENCE MASTER STORAGE PROCESSING VISUALIZATION &

—>
DOCUMENT DATA ANALYTICS

Data Information Knowledge
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DECISION
MAKING
FACILITATION APP

Wisdom
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=t Findings @ Poor quality data leads to snowball effect e

[1] misleading vessel [2] Inconsistency of data [3] Delay in receiving the data

information
Discrepancy between NYK Data Lake & Data Mart

80%
68j Data is not fresh to
40%
20% do condition

0%
monitoring
@/ / / / / /
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ASIAN PIONEER NYK RIGEL HELIOS LEADER

[5] Unclear judgment for decision maker

Root cause of Expert unclear judgment from Anomaly Detection System

[4] Back to the future

Load ECA Zone
Parameter 2%

Problem
3%

Data Quality
35%

399
Cases

Threshold
problem
60%

13



I I Monohakobi
Technology Institute

Risk in the journey of NYK's Ship IoT Data

Extract,
Transform,
Load

/ VDR

a

ETL

Data may be lost
along the way

How do we control
Third party SLA?

/ Data

Is SLA already

[.

in place

To ensure quality of

data?

Other
Internal
System

%

ETL

Enterprise Enterprise
Data Data
Model
Lo Warehouse

Is the same data
model being used
onshore?

SHIP

Historian

required to transform

Intermediary

Do we have standard
of data model
(metadata, attributes)

NYKSDP

Enterprise
Data
Warehouse

Individual cost

disparate data

SHORE

=
NYK GROUP

Data may not be
consistent anymore

Application

Transform

Each project/application
May have different
approach

Significant risk
Of how data is
understood & used

— Scope of DQMS —

An Ideal way is to fix any data quality issues at the source.
But operation is not an ideal world and we have to compromise things to achieve the goal.
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The flow of NYK IoT Data Quality Management System

Examine The

Purpose of Data

& Data
Management
Principle

System-Wise Development

1

Examine
Appropriate
Data Quality
Framework

Examine
Common Data
Quality Issue

Process-Wise Development
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Examine
appropriate DQ
dimension

Define Role &
Responsibilities

Build Mock-Up
Data Quality
Management

System

Generate Use-
Case Scenario to
Solve Data Issue

Create HMI
Interaction
Procedure

Disseminate
Activity Plan
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The DQMS has been built with reference to various guidelines and best practices of
classification societies.
« The ISO 8000 families only state high-level requirement and framework to do IoT data quality management
- The DAMA DMBok provides a more detailed methodology but is cross-industry generic.
- Classification societies have developed practical guidelines for maritime applications and smart ships.

« The DQMS development are referring to the following guideline/practice:
« DNVGL-RP-0497: Data quality assessment framework
« DNVGL-CG-0564 Section 9: Data quality management for Smart Ship
« ABS Advisory on Data Quality for Marine and Offshore Applications
« LR Cyber-enabled ship

WY

ECEM/

ISO 8000 DATA QUALITY SOLUTIONS
FOR THE SUPPLY CHAIN
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The flow of NYK IoT Data Quality Management System

Examine The

Purpose of Data

& Data
Management
Principle

System-Wise Development

Examine
Common Data

_ Examine
Quality Issue

Appropriate
Data Quality
Framework

& Scoping of
Solution

Process-Wise Development
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Data Quality Monitoring Team

Data

Owner Toward higher safety levels
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- Dat Problems on th
R e SR 107 Datz
rom ships
i =
Expertin
”
Data Manager at NYK HQ (Tokyo) T the Loop
designate the monitoring activity to < Anomaly

Assessment by &2/
NYK RDC (Remote Diagnostic Center) Detection Use experts

in Manila

Using Al to leverage problem solving Of data

@ and decision making
[
DO

Domain experts
conduct analysis

© NYK Line
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Use-Case Scenarios to Solve Data Issue

m=mm=  Role of data quality analyst was assigned to RDC
expert to do the use case scenario

DQMS
dashboard

DQ issue found

¥

Categorize Issue

/\ ALY

Measure impact

RDC
A4
E(;’:tsggjgg to data-driven
application
]-

. .
-
»
- L
1)
LNARE
1 ®
TIL -

fFI N

-
-
-
-
-
-
-
-
-
-

Contact vendor N
L (temporary .
NYK

Vendor fix the measures)
Marine Group

problem

Close issue
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Maintaining PDCA process & Disseminate Documentation Company Wide

: » Data Quality Alarm
» Company-wide circular to ensure good data input Pf?i|OSQOuhI y AlaM L DQM roles & responsibility, and
pny Change Management Procedure

72 BERET v FARNEELATL A-F-vTUE

Dat P s AREES 27 2k, UFoze—kitv, &
m © AR R & R i T
HBOROKELT I, Br—20T
e LINE i e
NIPPON YUSEN KAISHA
o

Yusen Building

3-2, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100-0005
Japan

Tel: +81-3-3284-5151
http:/fwww.nyk.com

18th of Feb. 2021
Ref No: MARENGINE 2021-001
To All Ship managers

Dear Sir and Madam

» Monitoring Flow and i .
Escalation Process

7L BRERE

Request and precaution for input and report of operational data.

Firstly, we would like to express our appreciation for your cooperation in safe operation.

Fo s BREAY 27 L WERIENE

Act Plan

As digital transformation accelerates in the future, all kinds of data from ships will become more

important in terms of safe and economical operations, and digitalization is also included in NYK's

medium-term management plan “Staying Ahead 2022”.
NYK collects various operational data from vessels through SIMS, e-UMS, and SPAS, and uses it for
various purposes. It is expected that the data collected by these continuous monitoring systems will be

Monitor Deploy

used for verification in future GHG regulations. Therefore, the é.ccuracy and timeliness of the data is

very important. But there are some cases where the data is not fully utilized due to input errors, so we B

would like to ask for your cooperation in the following areas for future data reporting.

DMBOK DQM Cycle

20

© 2021. MTI Co., Ltd. All rights reserved.



l l Monohakobi
Technalogy Institute

The flow of NYK IoT Data Quality Management System

Examine The

Purpose of Data

& Data
Management
Principle

System-Wise Development

Examine
Common Data

_ Examine
Quality Issue

Appropriate
Data Quality
Framework

& Scoping of
Solution

Process-Wise Development
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Examine
appropriate DQ
dimension
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Build Mock-Up
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Management

System
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Important DQ dimensions based on Common Issue

Timeliness

Monitor service levels
for data availability
and synchronization

- 7’

A
Accuracy

Data represents
the real world
situation

data

__Completeness

Confirm that all required
information has been acquired

N

Consistency
Standardize data representation

Uniqueness

Each data is
and management across the
collected
database :
uniquely

The value of one attribute set
matches the value of another
attribute set
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Designed Capabilities of SIMS DQMS

Data quality Repository

e Storage of definition of data quality rules and metrics that can be modified by
business user

Data Quality Reporting

e Automatically generate report and dashboard that can be utilized by business user
e Identify and support resolution of issue

Data Quality Monitoring

e Automatic calculation of data quality indicators based on event and trigger of data
quality issue

e On demand/ad-hoc analysis of content of data for advance use case (e.g. machine
learning)

© 2021. MTI Co., Ltd. All rights reservéd.
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DQMS facilitate different stakeholders by various dashboards to do their jobs

Utilize for data-

driven analytics ‘n‘

Data Scientist

. Assess data quality
against rule/standard

Bl 'ndividual Vessel B
Dashboard

All Vessel
DQMS Dashboard
Master DB
——
=
e

Performance
Benchmarking )

|

«

Aggregate

Analytics <

Data Process Log B

ISO 19848 Sensor

Hierarchy <

Threshold Setting B

© 2021. MTI Co., Ltd. All rights reservedk

Data Profiling
Completeness
Timeliness

Integrity

Accuracy

= Duplication

« Benchmarking tools
« Company-wide reporting

Check failed data I/O and
processing

Monitoring
DQ daily
basis

2

Manage RDC

— Data flow

— User interaction with system
— User interaction with other user
—— System flow

. New Dashboards

Report data
quality issue

DQ issue
DA
@

System Admin

Data Manager .ih

Confirm NYK standard

with ISO standard

Marine Engineer

Define and maintain DQ

requirement level

o [« Pe

Data Owner

— Liaise / Proposal

Encorce SLA —_—

Eg Report system issue

Hardware / Software
provider

— Troubleshooting —> ‘nl

o
dib
SSAP Project

o
(<> ]
Hardware / Software
provider -,
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Number of Data Quality Issue by System Component

We gained useful insights for our operations. -

Trend of Data Quality Issue

[ F558
550% - - E[rR Year of Issu.. month
B Eiscrric 2019 &
50% - B Fo Pusif 7
FOC 8
o B cE
= Sensors attached to b 5
W Level -
40%| generators on = 10 .
. . = 11 Introduction of DQMS
530 container ShlpS are s = <vstem
: prone to accuracy W Pover =h50 : Y
% . Press == -
7 problems. WSt 2
5 B 6 3
= 25% B Temp 3
g 4 ACCUFacCy
¥ 20 ] B Completeness
&
15%- 7 Cuplication
8 ' Timeliness
F0% 5 — II
10 W |
11 |
12 B
BULKER CHIP FULL CONTAINER : GAS CARRIER . PCC TANKER EDEl ; 1
2
- We’ve seen raise in
Number of Data Quality Issue by Sensor Name
Common Ch name for alarm items (group) 1 Q y y Vessel Classification 4 d ata Com p I ete n ESS
M/E CYL EXH GAS OUT T | B9TT% 4851% BULKER 5
MIE CYL OIL MAIN LINE T — T M cHe - prOblem, related to
ME FO VISCOSITY 2:326% i FULLCORTAINGE - GPS issue
M/E FUEL PUMP OUT T B.97T% _. GAS CARRIER i
WVE T/C LO OUT T [ B ecc g
M/E CYL OIL MAIN LINE P [ Il TanKER = : TR o s
M/E EXH VALVE ACTUATOR OIL IN P — 2.326% u 100 124 200 250
' Number of Data Quality Case
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Data quality management system from our perspective

USED BY STAKEHOLDERS

MADE BY STAKEHOLDERS

1
-
'
a

Marine
Engineer

Data
Analyst/
Manager

System
Admin

Monitor & detect data quality issues

Drill-Down possible root cause

A system to enable

through visualization

Provide evidence for Follow up

actions

Compliance of Framework to
international standard/best practices

for IoT data quality

Prevent bad quality data to be used

by data-driven application

1
-
'
a

Marine
Engineer

Data
Analyst/
Manager

System
Admin
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The building block of development of NYK DQMS

At this point, Data become
key competitive advantage

““““““““““““““““ '"'“""““"“.““"““‘ Capabilities
® o ©
s w DATA AS ASSET
® w NYK leverages the benefits of well-managed data and
o o"'"O

advances its analytic capabilities.

DATA UTILIZATION
NYK fully enable the advanced practices from high quality data

T asn

Design & prototype Analytics Scale-up

Modeling;
Security,

DATA INTEGRATION

Get the system functioning within their environment and with
their data requires work on integration and interoperability.

DATA QUALITY

Find and fix challenges with the quality data. Getting to higher quality
data depends on reliable Metadata and consistent Data Architecture

DATA GOVERNANCE

Rrinciple; Policy, ©rganization;
Structural support for data management activities and enables

________________________ execution of strategic initiatives

DQMS is organized as development of system, and Source: Modified from
continuous coverage of process & people Aiken’s pyramid

© 2021. MTI Co., Ltd. All rights reserved. 27
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Benefit of Building Data Quality Management System for NYK

SHORT term benefit

* INCREASE COMPANY-WIDE AWARENESS OF DATA QUALITY
* MANAGEMENT COMMITMENT

MID term benefit

* CONFIDENCE OF USER IN USING THE DATA
* TRUST IN DATA-ANALYTICS CAPABILITY

LONG term benefit

* FIRM HOLD ON DATA WHILE CUTTING DOWN EXPENSES
* IMPROVED RISK MANAGEMENT AND CONTROL OF PHYSICAL ASSET

Better customer service
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Some final thoughts and lesson learnt

On top of the non existing procedure, there is still a lack of awareness about the
importance of data quality, and this is often the most important part.

Our initiative to start small and build own system to some extent proven to bring
positive impact to increase the awareness

We had started with (finding)people, (developing)process, (using)technology, in that order and
then try scale up.

We are seeking more awareness from maritime industry practitioner to involve in
discussing how software engineering can be used to manage data quality IoT data and
how it should be practiced.

A standard need to be set together from the point of view of the industry with clear
examples and sequential steps, so that business can proactively adopt.

© 2021. MTI Co., Ltd. All rights reserved.
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CHRBESEHLOMNESTETNELUE.
Thank you for your attention



