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Oceans 3.0 runs the Network in 
Ocean Networks Canada

Began 20 years ago powering world’s first 
large-scale internet-connected ocean 
observatory.

Originally called DMAS: Data Management and 
Archival System, but it does more than that 
now.

Enables continuous, near real-time ocean 
observation, data collection, and 
communications.

Data collected from cabled, autonomous, and 
mobile instruments in deep-sea, coastal, and 
land-based locations.
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Oceans 3.0 in Numbers

12500+ Active sensors producing data;

977 Instruments producing data daily;

284 Unique file-based data products*;

9921 Average pre-generated plots 
produced daily;

9654 Average daily data requests;

300 GB Average volume of uncompressed 
data archived per day;

1.74 PB Total uncompressed volume of 
archived data.
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Prototype DMAS Hardware

1. Server for running data repository 
(database, web server, visualization 
software); the “data centre”

2. Shore station server with drivers that 
implement communication protocols for 
each instrument (configure, control, 
parsing and pre-processing)

3. Network equipment for tree topology of 
infrastructure, including switches

4. Serial-to-IP servers for interfacing with 
instruments

5. Relay server to control instrument power



Infrastructure Hierarchy from Data Center to Sensor
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Data Acquisition Process

1. Acquiring data readings

2. Publishing onto parser queue

3. Processing by shore station

4. Publishing onto archiver queue

5. Archival of raw and processed data

6. Task machines for value-added processing and data 

products

7. Available on the Oceans 3.0 data portal, 100% live! 

Latency ranges from milliseconds (driver acquisition) 

to minutes (file acquisition).



System Architecture: How the Network works
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Technologies

Metadata database: PostgreSQL

Raw data holding tank: Cassandra

File archive: “AD” (NetAPP and Synology)

Value add data: 
● Scalar data: Cassandra
● Complex data: 

○ Generate on-the-fly
○ Pre-generate and store in the file 

archive
● Interoperability: ERDDAP

○ Scalar data: custom cassandra 
driver

○ Complex data: NetCDF store
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File Formats and Data Products

● Anything goes as long as it has appropriate metadata and documentation
● Support manufacturer’s original formats
● Maintain a list of preferred formats: FLAC for audio, MP4/264 for video
● Raw data collected in a flexible raw log hex format
● Support compression
● Minimal requirements: raw format, manufacturer’s original format, accessible data 

format and a visualization (plot). Over 300 types of instruments.

● > 400 different data product formats available
○ Examples: NetCDF, CSV, MAT, HDF5, FLAC Audio, MP4 Video

● Generated within Oceans 3.0 by Java, MATLAB or Python
● On-the-fly generation is easier to maintain, allows us to support option sets
● Support citations and persistent identifiers, allowing reproducibility
● Encourage P.I.’s to contribute code 
● In-progress: citable code and complete provenance
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Challenges: generating data products on-the-fly: 
MATLAB-as-a-service Low Latency System

● Eliminates start-up latency and resource use. 
Instances can be re-used hundreds of times!

● On-demand latency can be as low as 1 second for a 
simple plot or small data file.

● Average data search request completion time and 
computation resource utilization reduced by >60%. 
Even greater gains for nightly processing tasks such 
as preview generation and automated testing.

● Fully integrated with task management features such 
as error handling, reporting, task scheduling and 
cancellation.

● Extensible to Docker images (in-progress).

Choreographer Maintenance Loop

Tasks / User Requests

Pool of MATLAB / Computing Instances
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Challenges: Handling Sensitive Data (Hydrophones, Seismometers, etc)
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Challenges: Multi-point Synchronized Live 
Data and Annotations
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Challenges: Multi-point Synchronized Live Annotations
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Lessons Learned: Monitoring Tools

● 24/7 monitoring and alerting with on-call staff
● We use Grafana:



Lessons learned: instrument life cycle + quality control/assurance

20
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Workflow Tool

Oceans 3.0 supports 
the full instrument
lifecycle
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QAQC

QAQC tests and flags fully
integrated
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Data Distribution

● Foundational infrastructure 
needs to be designed and 
scalable to facilitate all phases 
of data acquisition, storage 
and distribution. 

● Distribution includes video 
players, scrolling image 
viewers, data preview, search, 
plot and download. 
Best of all: API →

● Putting it all together is a 
game changer, enabling 
solutions such as earthquake 
early warning, tsunami 
warning, observations of 
climate change, biodiversity, 
etc.
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For More Information

Frontiers in Marine Science publications:

▪ Canada’s Internet-Connected Ocean

https://www.frontiersin.org/articles/10.3389/fmars.2021.805134/full

▪ The Oceans 2.0/3.0 Data Management and Archival System 

https://www.frontiersin.org/articles/10.3389/fmars.2022.806452/full

https://www.oceannetworks.ca/

https://data.oceannetworks.ca/ 

bbiffard@oceannetworks.ca 

https://www.frontiersin.org/articles/10.3389/fmars.2021.805134/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.806452/full
https://www.oceannetworks.ca/
https://data.oceannetworks.ca/
mailto:bbiffard@oceannetworks.ca


Thank you
Questions?


