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Introduction:
Vessel traffic over space and time: Largely empty and very busy at the same time

Principles of vessel track analysis: Connecting the dots

Identifying vessels of interest: Finding the needle in the haystack

Revealing hidden activity: Indian Ocean example

Revealing hidden relationships: Network analysis of vessel encounters

Revealing hidden vessels: Satellite dark vessel detection

Further discussion



The ocean is a big place; line-of-sight 5-20 km.

At the same time, the ocean is a really busy place; 
vessel traffic over one week with tracks.

Overwhelming activity makes it really hard to find a 
ship of interest. 

Scales of oceanic vessel traffic

VESSEL TRAFFIC OVER SPACE AND TIME BLAH

BLAH

https://app.starboard.nz/?org=32&aoi=0&center=%5B-36.80488656023723%2C167.82714843750003%5D&zoom=7&selectedStartTs=1668337200&selectedEndTs=1668423599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&tracksHidden=true&measurements=%5B%7B%22type%22%3A%22circle%22%2C%22uuid%22%3A%227ac93%22%2C%22properties%22%3A%7B%22radius%22%3A5000%2C%22units%22%3A%22km%22%2C%22coords%22%3A%5B-36.49640301371617%2C174.16629765625112%5D%7D%7D%5D&openPanels=16&scrubberTime=1668423599
https://app.starboard.nz/?org=32&aoi=0&center=%5B-36.80488656023723%2C167.82714843750003%5D&zoom=7&selectedStartTs=1667732400&selectedEndTs=1668423599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&measurements=%5B%7B%22type%22%3A%22circle%22%2C%22uuid%22%3A%227ac93%22%2C%22properties%22%3A%7B%22radius%22%3A5000%2C%22units%22%3A%22km%22%2C%22coords%22%3A%5B-36.49640301371617%2C174.16629765625112%5D%7D%7D%5D&openPanels=16&scrubberTime=1668423599
https://app.starboard.nz/?org=32&aoi=0&center=%5B-11.135287077054238%2C165.41015625000003%5D&zoom=4&selectedStartTs=1667732400&selectedEndTs=1668423599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&measurements=%5B%7B%22type%22%3A%22circle%22%2C%22uuid%22%3A%227ac93%22%2C%22properties%22%3A%7B%22radius%22%3A5000%2C%22units%22%3A%22km%22%2C%22coords%22%3A%5B-36.49640301371617%2C174.16629765625112%5D%7D%7D%5D&openPanels=16&scrubberTime=1668423599
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The ocean is a big place; line-of-sight 5-20 km.

At the same time, the ocean is a really busy place; 
vessel traffic over one week with tracks.

Overwhelming activity makes it really hard to find a 
ship of interest. 

Scales of oceanic vessel traffic

VESSEL TRAFFIC OVER SPACE AND TIME VESSEL TRACK ANALYSIS

Vessel trackers (e.g., AIS, VMS) just provide 
geolocations.

Vessel tracks contain behavioural information.

Reduce complexity to show just the vessels of 
interest.

https://app.starboard.nz/?org=32&aoi=0&center=%5B-36.80488656023723%2C167.82714843750003%5D&zoom=7&selectedStartTs=1668337200&selectedEndTs=1668423599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&tracksHidden=true&measurements=%5B%7B%22type%22%3A%22circle%22%2C%22uuid%22%3A%227ac93%22%2C%22properties%22%3A%7B%22radius%22%3A5000%2C%22units%22%3A%22km%22%2C%22coords%22%3A%5B-36.49640301371617%2C174.16629765625112%5D%7D%7D%5D&openPanels=16&scrubberTime=1668423599
https://app.starboard.nz/?org=32&aoi=0&center=%5B-36.80488656023723%2C167.82714843750003%5D&zoom=7&selectedStartTs=1667732400&selectedEndTs=1668423599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&measurements=%5B%7B%22type%22%3A%22circle%22%2C%22uuid%22%3A%227ac93%22%2C%22properties%22%3A%7B%22radius%22%3A5000%2C%22units%22%3A%22km%22%2C%22coords%22%3A%5B-36.49640301371617%2C174.16629765625112%5D%7D%7D%5D&openPanels=16&scrubberTime=1668423599
https://app.starboard.nz/?org=32&aoi=0&center=%5B-11.135287077054238%2C165.41015625000003%5D&zoom=4&selectedStartTs=1667732400&selectedEndTs=1668423599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&measurements=%5B%7B%22type%22%3A%22circle%22%2C%22uuid%22%3A%227ac93%22%2C%22properties%22%3A%7B%22radius%22%3A5000%2C%22units%22%3A%22km%22%2C%22coords%22%3A%5B-36.49640301371617%2C174.16629765625112%5D%7D%7D%5D&openPanels=16&scrubberTime=1668423599
https://app.starboard.nz/?org=32&aoi=3&center=%5B-28.8831596093235%2C172.705078125%5D&zoom=4&selectedStartTs=1667732400&selectedEndTs=1668423599&analysisType=%22HITCHHIKER%22&analysisFilter=%22ENTERED%22&measurements=%5B%7B%22type%22%3A%22circle%22%2C%22uuid%22%3A%227ac93%22%2C%22properties%22%3A%7B%22radius%22%3A5000%2C%22units%22%3A%22km%22%2C%22coords%22%3A%5B-36.49640301371617%2C174.16629765625112%5D%7D%7D%2C%7B%22type%22%3A%22circle%22%2C%22uuid%22%3A%22233e1%22%2C%22properties%22%3A%7B%22radius%22%3A16000%2C%22units%22%3A%22km%22%2C%22coords%22%3A%5B-36.49640301371617%2C174.15531132812612%5D%7D%7D%5D&scrubberTime=1668423599&excludedGroups=%7B%22ALL%22%3Atrue%7D&includedGroups=%7B%22HITCHHIKER%22%3A%7B%22High%22%3Atrue%7D%7D
https://app.starboard.nz/?org=32&aoi=3&center=%5B-28.8831596093235%2C172.705078125%5D&zoom=4&selectedStartTs=1667732400&selectedEndTs=1668423599&analysisType=%22HITCHHIKER%22&analysisFilter=%22ENTERED%22&measurements=%5B%7B%22type%22%3A%22circle%22%2C%22uuid%22%3A%227ac93%22%2C%22properties%22%3A%7B%22radius%22%3A5000%2C%22units%22%3A%22km%22%2C%22coords%22%3A%5B-36.49640301371617%2C174.16629765625112%5D%7D%7D%2C%7B%22type%22%3A%22circle%22%2C%22uuid%22%3A%22233e1%22%2C%22properties%22%3A%7B%22radius%22%3A16000%2C%22units%22%3A%22km%22%2C%22coords%22%3A%5B-36.49640301371617%2C174.15531132812612%5D%7D%7D%5D&scrubberTime=1668423599&excludedGroups=%7B%22ALL%22%3Atrue%7D&includedGroups=%7B%22HITCHHIKER%22%3A%7B%22High%22%3Atrue%7D%7D


From vessel positions –



– to insights from behaviour detection 
algorithms.
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Anomalous movement (beta):
Anomaly detector that uses probabilistic 
representation for AIS tracks and a contrario 
anomaly detection (GeoTrackNet). It learns what 
is normal based on historical track movements 
and then flags any movement that is abnormal in 
relation to this.
Applied to non-fishing vessels > 3 km from shore. 

Encounters:
< 50 metres from each other for 10+ 
minutes; or 
< 200 metres from each other for 30+ 
minutes. 

Missing AIS:
No AIS data received for 4+ 
hours



Plenty of ships in the western Indian Ocean almost 
random.

Turning on tracks shows shipping lanes and fishing 
activity.

Filtering for anomalous movements and AIS gaps 
reveals an ‘intersection’ where ships slow down and 
change course.  

The ‘Grey Palm’ loiters in the intersection. Its vessel 
report shows that is has not been to a port in years. 

Track analytics reveal hidden activity

Suspicious behaviour in the Indian Ocean

https://app.starboard.nz/?aoi=0&center=%5B14.997851873680608%2C55.96435546875001%5D&zoom=6&selectedStartTs=1667214000&selectedEndTs=1667559599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&lastAoi=48&org=32&scrubberTime=1667519999&tracksHidden=true
https://app.starboard.nz/?aoi=0&center=%5B14.997851873680608%2C55.96435546875001%5D&zoom=6&selectedStartTs=1667214000&selectedEndTs=1667559599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&lastAoi=48&org=32&scrubberTime=1667519999
https://app.starboard.nz/?aoi=0&center=%5B14.2736995533442%2C57.86224365234376%5D&zoom=9&selectedStartTs=1667214000&selectedEndTs=1667559599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&lastAoi=48&org=32&scrubberTime=1667485800&filterActivity=%7B%22op%22%3A%22OR%22%2C%22activities%22%3A%5B%22ANOM%22%2C%22AGAP%22%5D%7D&ids=%5B457041000%5D&focusedId=457041000&openPanels=2
https://app.starboard.nz/vessels/457041000?aoi=0&center=%5B14.2736995533442%2C57.86224365234376%5D&zoom=9&selectedStartTs=1636110000&selectedEndTs=1667559599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&lastAoi=48&org=32&scrubberTime=1667485800&filterActivity=%7B%22op%22%3A%22OR%22%2C%22activities%22%3A%5B%22ANOM%22%2C%22AGAP%22%5D%7D&ids=%5B457041000%5D&focusedId=457041000&openPanels=2
https://app.starboard.nz/vessels/457041000?aoi=0&center=%5B14.2736995533442%2C57.86224365234376%5D&zoom=9&selectedStartTs=1636110000&selectedEndTs=1667559599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&lastAoi=48&org=32&scrubberTime=1667485800&filterActivity=%7B%22op%22%3A%22OR%22%2C%22activities%22%3A%5B%22ANOM%22%2C%22AGAP%22%5D%7D&ids=%5B457041000%5D&focusedId=457041000&openPanels=2
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At-sea encounters can be a tell-tale of 
suspicious activity.

Network analysis reveals hidden relationships
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At-sea encounters can be a tell-tale of 
suspicious activity.

But they are hard to disentangle, especially if 
second-degree encounters are considered 
relevant. 

Network analysis reveals hidden relationships
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At-sea encounters can be a tell-tale of 
suspicious activity.

But they are hard to disentangle, especially if 
second-degree encounters are considered 
relevant. 

Encounter networks allow modelling the 
structure of relationships between vessels.

Network analysis reveals hidden relationships
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At-sea encounters can be a tell-tale of 
suspicious activity.

But they are hard to disentangle, especially if 
second-degree encounters are considered 
relevant. 

Encounter networks allow modelling the 
structure of relationships between vessels.

For example, the link between any vessel and 
a set of vessels of special concern (IUU 
listed) is quantified using a weighting 
function of first and second order 
encounters. Western Pacific. 

Network analysis reveals hidden relationships

https://app.starboard.nz/?org=32&aoi=0&center=%5B2.8991526985043135%2C156.04980468750003%5D&zoom=5&analysisType=%22FISHING_REGISTERS%22&analysisFilter=%22VIEWPORT%22&selectedStartTs=1667818800&selectedEndTs=1668509999&eventsFilter=4
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Most efficient coverage in terms of area and 
frequency of all surveillance approaches.

Sensors for ship detection: 
● Optical (satellite imagers);
● Synthetic aperture radar (SAR);
● Radio frequency detectors.

Satellites in orbit:
● Pass overhead periodically, but are not always 

watching;
● Most data acquisition has to be tasked ($);
● Large, but limited field of view;
● Tradeoff: area coverage vs. pixel resolution;
● Latency: hours from acquisition to delivery.

Satellite dark vessel detection

Dark vessel: Not transmitting geolocation

https://docs.google.com/file/d/1BtH0QHXvst_a9JgKrOiz2bOASwW8v5dO/preview


https://docs.google.com/file/d/1D2pM8Gf_xqneLbDQiThOwqn5IQm5WHx4/preview


Satellite-based optical sensors provide free and 
commercial imagery over regions up to 10,000 km2 at 
spatial resolutions between 0.5 and 10 m. 

Advantages
● Intuitive visual images with added value for 

other applications;
● Free sources of data over coastal oceans (10 m 

resolution);
● Regular collection of commercial images over 

many areas.

Disadvantages
● Usable coverage limited by weather/ocean 

conditions;
● Open ocean imagery needs tasking and ships 

may be hard to spot.

Satellite dark vessel detection

Optical sensors

PlanetScope image over Minerva Reef. 3 m 
resolution. 19 Nov. 2020, 10:55 NZDT.

1 km

https://app.starboard.nz/?aoi=0&center=%5B-23.636975950433456%2C-178.9402484893799%5D&zoom=13&selectedStartTs=1606474800&selectedEndTs=1606647599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&org=32&eventMarkersVisible=false&ids=%5B477959300%5D&focusedId=477959300&openPanels=16&scrubberTime=1606600500&lastAoi=3&measurements=%5B%7B%22type%22%3A%22line%22%2C%22uuid%22%3A%220d0b7%22%2C%22properties%22%3A%7B%22units%22%3A%22km%22%2C%22coords%22%3A%5B%5B-23.666875927355257%2C-178.88732861328026%5D%2C%5B-23.66687592735531%2C-178.87750956429954%5D%5D%2C%22speedUnits%22%3A%22kn%22%2C%22speed%22%3A12%7D%7D%5D&selectedMeasurement=%220d0b7%22


Satellite-based synthetic aperture radar (SAR) 
systems provide imagery over areas of 25 to 225,000 
km2 at spatial resolutions between 0.5 and 25 m.

Advantages
● Radar signals work through clouds and during 

the night; 
● Free data from Copernicus Sentinel-1 in coastal 

regions;
● Commercial systems available with dedicated, 

large-scale ship detection modes.

Disadvantages
● Vessel detection not identification;
● Radar images not intuitive.

Satellite dark vessel detection

Synthetic aperture radar (SAR)

Sentinel-1 SAR image. 18 Feb. 2021 20:07 NZDT.

https://app.starboard.nz/?aoi=0&center=%5B-36.82687474287728%2C177.7093505859375%5D&zoom=8&selectedStartTs=1613300400&selectedEndTs=1613818799&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&org=32&eventMarkersVisible=false&scrubberTime=1613632028&lastAoi=89&openPanels=8&tracksHidden=true&detection=%7B%22detectionId%22%3A%222102180707080107037%22%2C%22acquisitionId%22%3A%222102180707080107%22%7D


Radio Frequency (RF) systems provide vessel signal 
location data (marine radar, VHF) for dark vessel 
detection.

Advantages
● Large area coverage;
● Frequent sensor coverage (several a day).

Disadvantages
● Only detects vessels that are transmitting RF 

signals;
● Raw data not available (limited ability to 

interrogate false detections).

Satellite dark vessel detection

Radio frequency detection

Unseenlabs RF detection. 5 May 2022 23:00 NZST

https://app.starboard.nz/?aoi=3&center=%5B-41.640078384678915%2C164.17968750000003%5D&zoom=6&selectedStartTs=1651665600&selectedEndTs=1652097599&analysisType=%22FISHING%22&analysisFilter=%22VIEWPORT%22&org=32&eventMarkersVisible=false&scrubberTime=1651748400&aisOnTracksVisible=true&openPanels=4&tracksHidden=true


Satellites offer the most efficient coverage in terms of 
area and frequency of all surveillance approaches.

Dark vessel detection requires AIS/VMS matching

All sensors can yield false detections (-ve, +ve), but 
ground truthing is very difficult (due to latency and 
space scales).

Satellite technology and ground systems are evolving; 
improvements are needed in tasking efficiency, data 
downlink speed, false detections. 

We believe a seamless integration into MDA is 3-5 
years away. 

Satellite dark vessel detection

Conclusions

Satellite detection footprints relative to the Tuvalu EEZ (750,000 km2)
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