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Machinery 

IoT (Internet of Things) 

The era of “transparency” comes 

Automation 

PLC* 

Sensor Actuator 

Internet 
IP/Ethernet 

Serial, Serial Bus, Analog 

Instrumentation and control Internet  

Serial, Serial Bus IP connected 
computer 

* PLC: Programmable Logic Controller 
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Big data in shipping 

Examples of Big data in shipping 

 

Voyage data 

• Automatically collected data (IoT) 

• Noon report 

 

Machinery data 

• Automatically collected data (IoT) 

• Manual report data 

• Maintenance data 

 

AIS data 

• Satellite AIS / shore AIS 

 

Weather data 

• Forecast / past statistics 

 

Business data 

• Container transport data 
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Ship operator’s view 

Customer/Society 

Ship Owner 

Ship 

Ship Owner 

Ship 

Ship Owner 

Ship 

Ship Owner 

Ship 

Quality Assurance 

Ship Operator’s Fleet 

Quality Management 

Ship Operator 

Quality Shipping 
• Safety 
• Environment 
• Schedule 
• Cost 
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Ship owner’s view 

Customer/Society 

Ship 

Ship Owner 

Ship 

Ship Owner 

Ship 

Ship Owner 

Ship 

Quality Assurance 

Ship Operator’s Fleet 

Quality Management 

Ship Operator 

Quality Shipping 
• Safety 
• Environment 
• Schedule 
• Cost 

Ship Owner 
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Big data application areas 

Role Function Examples of Big data applications 

Ship operator 

Operation 
• Energy saving operation 
• Safe operation 
• Schedule management 

Fleet / service 
planning 

• Fleet planning 
• Chartering 
• Service planning 

Ship owner 

Technical 
management 

• Safe operation 
• Hull & propeller cleaning 
• Condition monitoring and maintenance 
• Environmental regulation compliance 
• Energy saving retrofit 

New building • Design optimization 
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Big data processing flow  

It is cross functional and organizational process to change action  

Environ
ment 

Data 

• Sensor 
• Measurement 
• Network 
• Communication 
• IT 

Inform
ation 

• Data analysis 
• Statistics 
• Engineering  
• Visualization 
• Web 

Situation 
Awarene

ss 

• Business 
knowledge 

• Workflow 
• Collaboration 
• Organization 
 

Decision 
making 

• Management 
• Business 
 

Action 

• Command 
• Assistance 
• Training 
• Incentive 
• PR 
• Change 

Business 

Necessary 
Technology 
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                               @ engine rev. 55rpm 

 Calm sea performance 

 speed:  

 Fuel:  

 

 

 

  Performance in the rough sea 

 speed: 

 Fuel: 

 

Ship performance in seaways 

6000TEU Container Ship 

Wave height 5.5m,  Wind speed 20m/s,  BF scale 8, Head sea 

8 knot 

60 ton/day 

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

14 knot 

45 ton/day 
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Ship performance model in all weather 
<Target vessel> 
6000TEU Container 
Draft 12m even 

0deg (wind, wave) – head sea 

ビューフォート階級

風速
(m/s)

波高
(m)

波周期
(sec)

BF0 0.0 0.0 0.0
BF3 4.5 0.6 3.0
BF4 6.8 1.0 3.9
BF5 9.4 2.0 5.5
BF6 12.4 3.0 6.7
BF7 15.6 4.0 7.7
BF8 19.0 5.5 9.1
BF9 22.7 7.0 10.2

Sea condition 

Base line performance 

Wind and wave effect 

Beaufort scale 
wind speed wave height wave period 
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Performance model calibration with IoT data 

Corrected IoT data is used for performance model calibration  

modifie
d 

original 
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Optimization of voyage with IoT data 

Weather Routing（PLAN） 

• Voyage plan  

 + course, speed, RPM, FOC, weather 

 + ship performance model  

Monitoring（CHECK） 

• Voyage actual 

 + actual speed – RPM, RPM - FOC 

 + actual weather Feedback 

Ship model and weather forecast are inherently include errors.  

But feedback loop by monitoring can make this system work better. 
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Optimization of operation plan with Big data 

Hindcast weather data 

Estimation of 
- Sea Margin 
- Sailing time 
- Average Speed 
- Total FOC 

Ship performance model 

Service route 

Monte-Carlo simulation by using ship performance model and past weather records 
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Energy saving modification based on Big data  

Operation profile (Big data) 

23 % CO2 reduction 
was confirmed 

Energy saving modification 

• Bulbous bow modification 
• Install energy saving device (MT-FAST) 
• etc  

• Speed, RPM, Power 
• Draft, trim, displacement 
• Weather 
• Sea margin 
• etc 
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IoT for engine and machineries 

Target 

• Prevent unpredicted downtime 

• Energy efficiency in operation 

• Reduce maintenance cost 

 

Measure 

• Condition monitoring 

• Big data analysis 

• Support service engineer 

• Intelligent machinery 

– Self diagnostics 

 

 

 

 
T State T T T T T F F 

Observation data data data data data data data data 

time 

… 

true fault 

Shore dashboard 

Ship main engine 
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Roadmap of performance monitoring 

Onboard Weather  
Routing Trial 

2005 - 2006 

Fuel Consumption 
Monitor FUELNAVI 

2007 - 2008 

Ship 
Monitoring 

SIMS 

Fleet Monitoring 

Performance Monitoring 

2008 - 

Now 

Electronic Ablog 
SPAS 
2006 - 

Weather Routing 
for Safety 

Optimum Weather Routing 
Safety + Economy + Schedule 

Weather Routing 
& SIMS Monitoring 

2010 - 

NYK e-Missions’ 

Real time Weather Routing 
& Monitoring  
• Real time communication 

• Precise ship performance model 
• Onboard sea-keeping simulation 

Wave 
Sensor 

Broadband 
Network        Smart Ship 

•  Minimize emissions 
•  Integration of navigation 
equipment and weather routing 
• Automatic performance model  
identification  

Technical Performance  
Analysis 
• Ship appendages 
• Paint 
• M/E governor 
• New design propeller 

Engine monitoring 
• Main Engine 
•   Auxiliary Machineries 
•   Maintenance and energy saving 

Accurate Performance Monitoring 
and feedback to Ship Design 
• Accurate wave and wind measurement 
• Accurate torque and thrust measurement 
• Accurate log speed measurement 
• Accurate fuel consumption measurement 
•   Ship performance model 

EEDI 
validation 

Feedback to 
Shipyards &  
new design 

January 2014 

2009 - 

2009 - 

2012 - 

2008 - 

2011 - 

2012 - 2009 - 

2010 - 

To Achieve Best Balance of Safety, Economy and Environment 

2014 - 

SEEMP package 
• Voyage planning 
• Monitoring 
•   Evaluation and action 

2012 - 

Optimum Fleet Management 
• Smart fleet management  
• Emissions management 
• Safety management 

CO2 minimize 

Best balance S.E.E. 

2014 - 

Ship Information Management with Maritime Big Data, DNV-GL - NYK/MTI meeting in 
DNV-GL, Oslo, 20th Jan 2014 
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Smart Ship Application Platform (SSAP) Project 
- JSMEA and ClassNK Joint Industry Project - 

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

Proposal for new ISO in May 2015 
 
• ISO/NP19847 - Shipboard data servers to share field 

data on the sea 
• Specifications of ship data server 

 
• ISO/NP19848 - Standard data for machinery and 

equipment part of ship 
• Specifications of dictionary and format 

 



17 

Monohakobi 
Technology Institute 

@ Copyright 2015 
Monohakobi Technology Institute  

Concept of ship – shore open platform for marine industry 

LAN 

Onboard 

Data 

Server 

Ship Shore 

broadband 

S
e
c
u
ri

ty
 /
 a

c
c
e
s
s
 c

o
n
tr

o
l 

User 

request 

Software 

agent 

data 

Data center 
(operated by 

neutral 
bodies) 

 Ship  
owner 

Ship 

Management 

company 

Shipyard 

Performance 
monitoring 

Service Provider 
 

Energy 
management 

Onboard application 

 
• Weather routing 
• Performance 

monitoring 
• Engine 

maintenance 
• Plant operation 

optimization 

Weather routing 

Data Center 
 

Ship 
operator 

M/E 

D/G 

Boiler 

T/G… 

VDR 

Radar 

ECDIS 

BMS 

…. 

Engine maker 

Engine 
monitoring 

Asia 

Ship 

equipment 

maker 

Remote 
maintenance 

S
e
c
u
ri

ty
 /
 a

c
c
e
s
s
 c

o
n
tr

o
l 

Europe 

Marketing 
and 

Big data 
analytics 

Cargo 

crane 

. 

. 

. 

Class Society 

Courtesy of Smart Ship Application Platform (SSAP) Project of JSMEA 2014-15 
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Summary 

• IoT and Big data are becoming prevalent in the marine 
industry. Considering user role is important to develop 
applications of IoT and Big data. 
 

• Applications for energy efficiency in shipping are shown. 
Performance models calibrated with IoT data is the key 
for fleet operation optimization. 
 

• For further seeking possibility of IoT applications in the 
marine industry, open platform to share data shall be 
necessary. SSAP aims at standard of data format and 
dictionary for onboard data collection. 
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Thank you very much for your attention 


