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What is a Cabled Observatory like 

NEPTUNE Canada?

Research infrastructure to contribute to many different science 

disciplines involved with the Ocean:

Plate tectonic processes and earthquake dynamics

Dynamic processes of fluid fluxes and gas hydrates in the 

sea bed

Regional ocean/climate dynamics and effects on marine 

biota

Deep-sea ecosystem dynamics

Engineering and computational research



Earthquakes in western Canada



Gas HydrateGas Hydrate

IFM-GEOMAR

METHANE HYDRATES

•Abundant in the NW Pacific

•Non-renewable energy source

•Unstable at surface
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Ocean climate dynamics 

• CTD
• Oxygen sensor
• Fluorometer
• Transmissometer
• Nitrate sensor
• CO2 sensor
• Upwelling/downwelling 
radiometer
• Broadband hydrophone
• ADCP
• Bottom pressure sensor



Coccolithophorid algal bloom  

NASA photo: June 16, 2006

Biological Processes



Tracking marine mammals

• Receivers will identify and track whales 
both small and great

• Record migration tracks, abundance 
and communication behaviour
• Examine ship interactions    

• Killer whales 100 Hz to 20 kHz

• Great whales 10 to 1000Hz







ENDEAVOUR HOT VENTS - MPA

•Depth: 2250m

•250km SW of Vancouver 

Island

•Rich in mineral deposits

•Active seafloor-spreading zone

•12 unique species

•60 species are native to the 

area





What is NEPTUNE Canada?



What is NEPTUNE Canada



Broad Range of Ocean Environments



NEPTUNE Canada: What is it?
Gigabits of bandwidth

Kilowatts of power

Precision timing

Hundreds, perhaps thousands, of attached devices

3000m water depth rating

25-year design life

Resilient network, moderate operating costs

Over 70TB/yr data flow initially

Expandable and extendable: 510 nodes



Subsea: Backbone

Generalized Observatory Configuration
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Subsea: Nodes (AL)

10kV DC -> 400V DC

4x2 Gbps Ethernet



Subsea: Junction Box (OWI)

400V DC -> 48/24/15V DC



Subsea: Instruments

Gravimeter

Seismometer

Hydrophones

Peizometer
Bottom 

Pressure 

Recorder

For listening to the Earth, 

monitoring seismic activity, 

and 

observing pore 

pressure…



Subsea: Instruments



Remotely operated 

vehicles such as 

“Wally” on the 

NEPTUNE Canada 

array use temperature 

probes, methane 

sensors, oxygen 

profilers, and a camera 

to better understand 

the hydrate fields

Subsea: Instruments



Vertical Profiler System (NGK)

Winch operated

400 m range (full water 

column)

~20 cm/sec

Float contains 10 

instruments

~3 kW power req.

Complex control system



Power and internet to the deep sea

10 kV, 4 Gbps/node

seismic

tsunami

Networks

chemical

fluid dynamics

visual

130 instruments

(>40 types)

>300 sensors
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DMAS: Cyber-Infrastructure Block Diagram
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Data Management mandate:

Extension of the Internet under the Ocean

Capture data from many different types of sensors

Interact with underwater instrumentation (e.g., cameras)

Precision time

Keep data + metadata for 25 years

Provide search, visualization, data products to many users

Allow for X-correlation between data from various sensors

Detect and react to events
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Initial challenges

Instrumentation selected by scientist, of a legacy nature, off-

the-shelf

No standard: all instruments are different (connectors, data 

transmission protocol, control protocol, data acquisition, meta 

data, ...)

Instrumentation often not conceived for long term deployment, 

not expected to be in a powered environment, and in particular 

not expected to be shared by many users

New standards are emerging now, such as SensorML...
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Extension of the Internet under the ocean
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Capture data from many instruments

Video Server, Camera System, Camera Laser, Camera Pan And Tilt, Particle Analyzer, Orientation, 

ACM (acoustic current meter), ADCP (acoustic doppler current profiler), BPR (bottom pressure recorder), 

CO2 sensor, CTD (Conductivity Temperature Depth), Nitrate sensor, T resistivity probe, Camera, 3D,

Camera, rotary, Camera, still, Camera, video, Controlled source electromagnetic array, Echosounder, 

Fluorometer, Gravimeter, Hydrophone, Light sensor, Lights, Methane sensor, Microbial incubator, 
Microbial sensor, Oxygen sensor, Plankton pump, Plankton sampling, Pressure sensor, Radiometer, 

Sediment trap, Seismometer, Sonar, multibeam, Sonar, sector scanning rotary, Temperature sensor,

Turbidity Sensor, Water sampler, Junction Box, Node, Profiler, Vehicle, Gas Sensor, Accelerometer, 

Transmissometer, Gas tension device GTD, ZAP Zooplankton Acoustic Profiler, Instrument Adapter,

Branching Unit, Sonar, profiling rotary, Compass
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Interaction with underwater instruments
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Timing

NTP, PTP available at the instrument level (Ethernet switches 

transparent to PTP traffic)

PTP Slave clock has to be implemented at the instrument level

In software (e.g., instrument's Linux kernel)

In hardware (PTP circuitry in instrument housing)

In an external can with PPS wire to the instrument
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Search and Visualization, Products Access
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Keep data and Meta-Data for 25 years
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Keep data and Meta-Data for 25 years
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Demo screenshots



NEPTUNE Canada Science & Data Workshop,12-14  April  2010

Early Results: Seismic and Tsunamis
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Challenges re. exploitation of the data:

Observatory is an expensive, unique, shared resource: 

requires management

Ocean data volumes to be multiplied by 106 / year

Constant number of scientists available to deal with them

Need to change the old “expeditionary science” paradigm

Need new tools to deal with the issue of analysis, visualization

--> Need to create an environment for collaboration

--> Provide tools to support effective exploitation of data
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Approach

Take advantage of Web 2.0 paradigms to address issues

Every tool is on-line, web-enabled

Don't download data – upload code instead

Every Web tool has aspects of contribution & collaboration

Other Challenges:

Sociological: get people to change the way they work

IT: build an eScience/Cyber-Infrastructure environment 

adapted to Ocean scientist needs (many different 

disciplines!)
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Demo screenshots
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List of open

Projects
Currently opened

Matlab code

(Editor)

Shared code,

Templates

Matlab result

Display window
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Early Results: Water Column Ecology
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Early Results: Formation of “pits” in the 

Sediment
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Early Results: Benthic Fauna

The entirety of the study area’s surface has been turned 

over during the 90  days of this survey (Kat Robert).
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Science Results

Many more to come!
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