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The First Machine Age

• Changing the world requires:
• Physical power: move or transform the things
• Mental power: decide where and how

• Industrial Revolution = Physical Power
• Steam engine (internal combustion engine, electricity)
• Mostly a complement to humans

• Not entirely without social resistance
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The Second Machine Age
(Brynjolfsson and McAfee, 2014)

Data, Computers, Knowledge -> Mental power
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Moore’s Law
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Coastal Currents
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How are currents measured traditionally?

• Acoustic doppler current profiler (ADCP)

http://oceanexplorer.noaa.gov/technology/tool
s/acoust_doppler/media/adcp.html Zhao et al. (2016)

Direct insitu measurement 
at a single location

Cost for one ADCP:
• About S$ 31,900 to acquire 
• About S$ 6,000 to deploy and retrieval
• About S$ 8,400 per month to maintain
• Total of S$ 100,800 per year + one-

time cost of S$ 37,900
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International Maritime Organisation (IMO) 
imposes 

Automatic Identification System (AIS) messaging
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There are thousands of vessels within port limits at any point in time … 
… giving us tens of thousands of AIS messages in real time
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A snapshot of AIS messages in Singapore 
waters
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Data Driven 
AIS Modelling

Raw AIS messages

Cloud

Surface 
Currents from 

AIS

Ship drift triangle
• calculation of currents from AIS 
• additional information (ship draught, AIS 

message 5) and meteo-information offer 
additional machine learning enhancement 
possibilities for this model (such as UKC, 
mooring forces, anchorage space utilisation)

There are 27 kinds of AIS 
messages. The most relevant 
here are listed below
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Data Driven AIS Modelling

Raw AIS messages

Cloud

Surface 
Currents from 

AIS

Overlapping trajectories reduce error 
and uncertainty of surface currents

Multiple vessels within computational cell reduce 
error and uncertainty
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Gusong ADCP
AIS derived currents vs ADCP Observations

hourly data between March 14, 2017 14:00 and June 19, 2016 16:00
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9km
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Gusong
AIS data and Tidal Constituents as 

inputs
(out of sample test period: May 24, 2017 – July 31, 2017)
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Gusong
AIS data and Tidal Constituents as 

inputs
(out of sample test period: May 24, 2017 – July 31, 2017)
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Banyan Beacon 
AIS as the only inputs
(out of sample test period: May 24, 2017 – July 31, 2017)



© Copyright National University of Singapore. All Rights Reserved. 

Banyan Beacon 
AIS data and Tidal 
Constituents as inputs
(out of sample test period: May 24, 2017 – July 
31, 2017)
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Banyan Beacon 
AIS data and Tidal Constituents as inputs
(out of sample test period: May 24, 2017 – July 31, 2017)
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Gusong and Banyan Beacon 
ADCP
Algorithm Refinements: AIS derived currents vs ADCP Observations

hourly data between March 14, 2017 14:00 and June 19, 2016 16:00



© Copyright National University of Singapore. All Rights Reserved. 

Algorithmic Refinements
Radius based ship selection

* Locations are moved slightly to allow better selection of vessels

Gusong
Banyan Beacon
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Computing optimal search 
distance and time aggregation 

(Gusong ADCP)

Batch time = 2 h
Search radius = 4 
km
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Banyan Beacon
Adaptive Radius Based 
vessel selection (validation 
data)

After postprocessing using Machine Learning:
Good phase, improved magnitude

Initial Estimate:
Good trade off
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Gusong data time series

Batch time = 2 h
Search radius = 4 
km
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Banyan Beacon data time series

Batch time = 2 h
Search radius = 2 
km
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Hydrodynamic model

• Hydrodynamic model provides operational 
forecast of current flows

• It also provides the 3rd dimension (vertical 
flow velocity distribution)

• Usually well calibrated against water levels

• Currents direction and intensity validated only 
against (few!) ADCP observations

• Now, we have means to access thousands of 
observations collected in real time derived 
from AIS

• Unprecedented accuracy
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Data Assimilation

Cloud

Hydrodynamics 
Modelling 

(currents, water 
levels, short waves)

Forecasted currents from hydrodynamics 
+

Surface currents from AIS

= significantly improved current forecast over entire entire port limits

Forecast

Surface 
Currents from 

AIS

Data 
Assimilation, 

Error Correction

Observed state
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Blended AIS + Hydrodynamic Model 
at a validation site (Banyan Beacon)
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Deep Oceans



© Copyright National University of Singapore. All Rights Reserved. 

Snapshot of AIS 
messages taken off 
vessels in South China 
Sea and Indian Ocean
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CubeSat

•

•

•

•

•

•

Vessels are also (largely inaccessible) meteo-stations 

Until Today 
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Currents derived from AIS Data
(80 GB per month)



© Copyright National University of Singapore. All Rights Reserved. 

Data + Model Blending
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Will Humans Go Way of Horses?
Wassily Leontief, 1983
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Extended 
Intelligence

There is a deep fear that human jobs 
will be replaced by AI. 

Rather than racing against the 
machines, the aim should be to show 
that a human-AI combination will 
perform better than humans and AI 
working alone. 

No man is better than a machine for 
some task 

No machine is better than a man with 
a machine
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The Sixth Wave
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THANK YOU


