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Abstract 

This study is the first research paper in a series of three, prepared 
for a PECH Committee Workshop. It reviews the state of the art of 
transmitted positional data systems, high resolution and 
synthetic aperture radar (SAR) for satellite image data used in 
fisheries control and fisheries research. It identifies the strengths 
and weaknesses of such systems and provides policy 
recommendations for a more effective fisheries control system 
based on currently applied electronic technologies (ET). 
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EXECUTIVE SUMMARY 

Background 

This study examines the existing ETs based on the collection of positional data as well as the 
respective transmission systems, which are both applicable for purposes of fisheries control and 
research. It also reviews space-based ETs providing very high resolution images, and assesses the 
potential of data fusion techniques, through merging positional data and satellite image data.  

Finally, strengths, weaknesses, opportunities and threats (SWOT) of the different ETs were scrutinised 
with a view to achieve an improved monitoring of fishing activities in the fields of fisheries control 
and research. 

Transmitted positioning systems currently available 
Currently, four global positional data systems exist, which are owned by the United States, the 
European Union, Russia and China. They all use the same receivers as those installed in any common 
cellular phone, and indicate the position of a vessel. The data can be easily ascertained with very high 
accuracy. 

A second type of spaceborne sensors used for fisheries control are the very high resolution sensors. 
This technology is based on the inspection of the visual spectrum or on synthetic aperture radars 
using microwave. Both systems can achieve high-resolution images of fishing vessels and are 
currently used for fisheries control and research. 

In the European Union, the compilation of satellite images for fisheries control is done by the 
Copernicus Maritime Surveillance Service. It is also used by the European Fisheries Control Agency 
(EFCA) in collaboration with the European Maritime Security Agency (EMSA). 

Applications for transmitted positioning systems 
Positional data are used primarily to study fishing effort and effects of fishing on marine habitats, 
but also to support marine spatial planning activities. Regarding fisheries control, it is imperative to 

KEY FINDINGS 

• The use of the current vessel monitoring system (VMS) for fisheries control and 
scientific advice for fisheries management is being replaced on some occasions by the 
automatic information system (AIS) due to data access problems and excessive time 
laps between transmissions. 

• Although AIS provides more information due to its higher frequency of emissions, it 
does not have the same reception coverage and the same legal coverage. The 
application of AIS is required for maritime safety reasons and not for fishing control. 

• Newly developed electronic technologies (ETs) for merging positional data with 
satellite images provide excellent data for both fisheries monitoring & control and 
fisheries research. However, these data are not always available due to the low number 
of daily images taken of a specific area or to the high price of such data fusion services. 
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know the vessel’s position to understand if, where and what it is fishing and whether it is fishing in 
the areas for which it is licensed. 

Two of these applications currently exist and are used in fisheries control and research:  the vessel 
monitoring system (VMS), which was introduced in 1997 for fisheries position control, and the 
automatic identification system (AIS), which was introduced in 2002 for maritime navigation security. 
As a result, still today VMS is predominantly used for control purposes, while AIS is more frequently 
used by fisheries researchers due to its higher emission frequency and accessibility. 

This report also presents newly developed satellite imaging systems and their use in connection 
with positional data. These systems are currently being used for fisheries control aiming to detect inter 
alia catch transhipment or the position of boats that have turned off their VMS and/or AIS. 

Analysis of the different options 
VMS and AIS are both mature technologies whose accuracy has improved over time from the first 
only prevailing global positional data system to the current multisystem scenario. 

VMS has a more robust transmission technology using satellite communications, which make it very 
difficult to loose data. Nevertheless, long time-laps between the emissions of data create caveats for 
control and fisheries research.  

AIS is more precise, as it has a higher transmission frequency due to its purpose of preventing 
collisions at sea. However, it transmitting to land receivers proofs often to be difficult. In fisheries AIS 
data are used for ex-post analysis due to being a secondary use of generated data. 

Very high resolution satellite images provide very valuable information, which is even more useful 
when combined with positional data. However, its main weakness are the longer time-laps between 
images taken of the same ocean sector. 

All the data sources present concerns and problems regarding current data privacy and personal 
privacy rules, which need to be addressed. 

Policy recommendations 
Many of the newly developed satellite-driven electronic technologies based on positional data are 
being used with great success. However, they cannot fully substitute traditional VMS yet, since the 
spatio-temporal coverage of the fishing grounds is not sufficient and still depends on meteorological 
conditions.  

Based on the present analysis the following policy recommendations can be given: 

• Extent the obligation to use tracking devices in commercial fishing vessels to the maximum 
possible consensus. 

• Increase the accuracy of VMS positional data so it can be of a similar magnitude as the actual 
data provided by current GNSS systems (20 metres). The enforced precision indication of 500 
metres was intended for the GPS capabilities of the late 20th century and not for current GNSS 
systems like Galileo which enable accuracies of 20 metres at 99% confidence with free receivers 
such as those used in mobile phones. 

• Reduce the VMS emission time of both data types to ten minutes (instant transmission) and 
one minute (stored data or delayed transmission), respectively. As our review of scientific 
literature suggests, this could be achieved and would be ideal, both for fisheries research and 
control. Nowadays cheaper means of transmission, as well as technologies capable of storing 
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and transmitting huge volumes of data exist. In this way sufficient spatio-temporal resolution 
to apply automated algorithms for detecting fishing activities could be achieved.  

• Take the necessary actions to grant access to the generated data to control bodies and 
scientific advisors for fisheries management while preserving the personal privacy of fishers. 

• Follow-up on the work started recently, by combining VMS, AIS and VHR/SAR images as 
complementary to the VMS data. 
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1. STATE OF PLAY OF TRANSMITTED POSITIONAL DATA SYSTEMS 

1.1. Global Navigation Satellite Systems 
A global navigation satellite system (GNSS) involves a constellation of satellites orbiting Earth, which 
are continuously transmitting signals that enable users to determine their three-dimensional (3D) 
position with global coverage (Sanz Subirana et al. 2013; Kumar et al. 2021a). 

Examples of GNSS include Europe’s Galileo, the United States of America’s NAVSTAR Global Positioning 
System (GPS), Russia’s Global'naya Navigatsionnaya Sputnikovaya Sistema (GLONASS) and China’s 
BeiDou Navigation Satellite System (Figure 1) (GSA 2021; Kumar et al. 2021a). 

A diagram of the historical development of global navigation from (Kumar et al. 2021b) is shown in 
Figure 2. 

The positioning principle is based on solving an elemental geometric problem, involving the distances 
(ranges) of a user to a set of at least four GNSS satellites with known coordinates (Kumar et al. 2021b). 
These ranges and satellite coordinates are determined by a receiver using the signals and navigation 
data transmitted by the constellation of satellites; the resulting coordinates can be computed to an 
accuracy ranging from several metres to centimetre level when using more advanced techniques (Sanz 
Subirana et al. 2013). 

KEY FINDINGS 

• Two kinds of orbiting systems are mainly suitable for fisheries research, fisheries 
management and enforcement of legal measures protecting marine ecosystems: 

a)  systems enabling calculation of a vessel’s positional data coupled to different 
kinds of onshore/satellite receivers; and  

b)  the use of satellite remote sensing with very high resolution (VHR) images of 
the visual spectrum or synthetic aperture radars (SARs) that detect vessels from 
space. 

• Positional systems are based on mature technologies, with a proven history of 
successful data delivery, and have been used for decades in fisheries control. 

• Satellite remote sensing and the use of visual or radar images is more recent; its 
results in fisheries control are promising, complementing the use of positional 
data. 
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Figure 1: GNSS constellation systems 

 
Source: (Kumar et al. 2021a) 

Figure 2: GNSS development timeline 

 
Source: Kumar et al. 2021b 
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1.2. NAVSTAR Global Positioning System 
GPS is an American space-based navigation system which enables calculation of a three-dimensional 
position to about a metre of accuracy (e.g. latitude, longitude and altitude). It further provides 
nanosecond-precise time anywhere on Earth where there is a direct line of sight to at least three GPS 
satellites. It operates independently of any telephonic or internet reception, providing critical 
positioning capabilities to military, civil, and commercial users around the world. 

As with any other GNSS, GPS consists of three different parts (Sanz Subirana et al. 2013), see Figure 3: 

• Space Segment: a constellation of at least 24 satellites owned by the US government 
distributed in six orbital planes in a medium Earth orbit at about 20,200 kilometres, 
circling the Earth every 12 hours; 

• Control Segment: land stations monitoring and maintaining the satellites; 

• User Segment: the receivers that process the navigation signals from the satellites and 
calculate position and time. 

In the early 1970s, the United States Department of Defence sought to implement a robust, secure 
satellite navigation system. Adopting previous ideas from United States Navy scientists, the 
Department of Defence decided to use satellites for their proposed navigation system. The first GPS 
satellite was launched in 1978 and the GPS system became fully effective in 1993 (Mai 2017b). 

Today, GPS is a multiuse, space-based navigation system owned by the US government and operated 
by the United States Air Force to meet national defence, homeland security, civil, commercial and 
scientific needs (Mai 2017a). 
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Figure 3: Infographics explaining how GPS works 

 
Source: https://www.gps.gov 

https://www.gps.gov/
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1.2.1. GALILEO 

The European Union is the main sponsor and the owner of Galileo, according to current regulations. 
Whereas the program was financed jointly with the ESA in its early stages, full deployment has been 
financed with European Union budget funds. As the executive arm of the European Union, the 
European Commission is the program manager (Javier Pérez Bartolomé et al. 2015). 

Galileo is a complete GNSS. Since becoming operational in 2016, it has aimed to provide an 
independent high-precision positioning system so that the European Union and other nations do not 
have to depend on systems owned and controlled by other countries (Javier Pérez Bartolomé et al. 
2015), which can degrade or shut off their systems at any time. 

Figure 4: Key elements of a Galileo Full Operational Capability satellite 

Source: https://www.esa.int/Applications/Navigation/Galileo/Satellite_anatomy 

Full operational capability of Galileo was predicted for late 2019. However, this goal was only reached 
at the end of 2020 (Nurmi. J et al. 2015). The next generation of satellites (Figure 4) is set to become 

https://www.esa.int/Applications/Navigation/Galileo/Satellite_anatomy
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operational after 2025, replacing older equipment that may begin developing technical problems due 
to ageing (Lohan 2015). 

The Galileo system’s accuracy is greater than its US counterpart GPS. Galileo is accurate to less than one 
metre when using broadcast ephemeris (GPS: three metres) and 1.6 centimetres when using real-time 
corrections for satellite orbits and clocks (Lohan 2015). 

1.2.2. Other GNSS systems 

Russia’s GLONASS or Global Navigation Satellite System is another space-based satellite navigation 
system (Kumar et al. 2021a). It provides an alternative to GPS and GALILEO and was the second 
navigational system in operation, with global coverage becoming fully operational in November 2011 
(Nurmi J. et al. 2015).  

The BeiDou Navigation Satellite System (BDS) is the Chinese GNSS. The Compass or Beidou-2 GNSS 
is being developed by China and has a regional and a global component (Nurmi. J et al. 2015). BDS 
currently provides global coverage for timing and navigation, offering an alternative to the other 
systems (China 2016). 

 

1.3. Marine monitoring solutions based on GNSS data 

1.3.1. Vessel monitoring system 

Advances in satellite tracking technologies have moved very quickly over the past 25 years, though 
tracking of fishing vessels did not attract much attention until the mid-1980s, when satellite technology 
became commercially viable for tracking purposes (FAO 1998). About 1991, several fisheries agencies 
began investigations and trials that ended with the implementation of different vessel monitoring 
systems (VMSs). 

VMS is a general term for systems that are used on board commercial fishing vessels to allow control 
agencies to track and monitor fishing activities. VMS is nowadays a key part of the monitoring, control 
and surveillance (MCS) systems of almost all the countries involved in world fisheries (FAO 1998). 

The exact function of VMS varies among countries, but all have several common characteristics. 

• it provides position information to the control agency in near to real time; 

• it can also provide speed and heading or they can be computed by the control agencies; 

• the vessel operator can indicate the start and end of fishing operations and transmit other 
codes (i.e. entering a port or fishing zone) (FAO 1998). 

The term VMS is only used for systems controlling the activity of fishing vessels and should not be 
confused with vessel traffic services (VTS) such as the automatic identification system (AIS), which 
are marine traffic monitoring devices focused on safety in ports and busy waterways. 

1.3.2. Automatic identification system 

The International Maritime Organisation's International Convention for the Safety of Life at Sea requires 
that the automatic identification system (AIS) be fitted on board international voyaging ships with 
300 or more gross tonnage and on all passenger ships regardless of size (IMO 1980). For various reasons, 
ships can legally turn off their AIS transceivers, mainly when navigating in risky zones with a persistent 
pirate presence. 
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AIS is one of the first open-standard data-broadcast communication systems on board ships. It 
operates in the VHF maritime band and has been adopted within the global maritime environment as 
a vessel traffic service (Chaturvedi 2019). AIS data exchange supplements human use of marine radar, 
which is still the primary method of preventing vessel collisions. 

An approved AIS must transmit different message types, including ship data, required by the 
International Maritime Organisation (IMO) performance standards, as follows (IMO 1980):  

• Static and voyage related data (name and call sign, MMSI (maritime mobile service 
identification), size, type, draught and route plan, etc.);  

• Dynamic information (ship position, time of data transmission, course over ground, speed over 
ground, heading, rate of turn, pitching and yawing, etc.). 

AIS transceivers can be tracked by other AIS transceivers on board a different vessel or marine 
platform or by AIS base stations located along coastlines or through a growing number of satellites 
that are fitted with special AIS receivers that can decode a large number of signatures (Perez et al. 
2009), see Figure 5. 

Studies and experiments are in progress for the reception of AIS signals from space by small low-Earth 
orbit constellations (Chaturvedi 2019) this will improve the AIS reception when a vessel is far from 
coastline AIS base stations; when satellites are used to detect AIS signatures, the term Satellite-AIS (S-
AIS) is used.  

Figure 5: AIS conceptual operation view 

 

Source: Perez et al. 2009 
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1.4. Marine monitoring solutions based on satellite remote sensing (SRS) 
Among all the spaceborne sensors deployed so far, two are especially appropriate for vessel 
detection and tracking. Their main characteristics and capabilities are explained below. 

 

1.4.1. Very high resolution remote sensing  

A very high resolution (VHR) remote sensing satellite is an orbiting satellite mounting optical sensors 
that provide multispectral and panchromatic images at resolutions from 50 metres (1 pixel = 60 metres) 
to less than 1 metre. 

Ikonos was the first commercial high-resolution satellite sensor (1999) to break the one metre mark 
(see Figure 6). Since then, many other very high resolution (VHR) satellites have been launched 
(Eugenio & Marcello 2018). Another important milestone was the launch in 2009 of WorldView-2, the 
first commercial non-military VHR satellite to provide eight spectral channels in the visible to near-
infrared range. 

Images from these commercial satellites can be used to detect and track vessels, mainly in inland 
waters, since there are still few VHR-capable satellites watching the open sea. Most of the 
companies that own VHR satellites have divisions or subsidiary companies which provide paid access 
to raw images or products derived from analysis of VHR images. 

Figure 6: Ikonos data showing the very high resolution of current images from remote sensing 

Source: SpaceImaging, Europe 
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1.4.2. Synthetic aperture radar 

Radar has long been used for military and non-military purposes in a wide variety of applications 
such as imaging, guidance, remote sensing and global positioning (Chan & Koo 2008). 

Side looking airborne radar, a predecessor of synthetic aperture radar (SAR), was developed in the 
1950s. In 1952 a Doppler beam-sharpening system was developed by Wiley of the Goodyear 
Corporation, opening the way to development of the first airborne SAR (Chan & Koo 2008). 

In SAR, the forward motion of the actual antenna is used to ‘synthesise’ a very long antenna enabling 
the creation of two dimensional images (pictures) or three-dimensional estimations of the shape 
of real objects. Since SAR usually uses operating frequencies in the microwave range, it can 
penetrate clouds, haze, rain, fog and other precipitation with almost no attenuation. As an active sensor 
which illuminates the inspected object, SAR operates day or night without differences. 

As in conventional photo cameras, the larger the aperture, the higher the image’s resolution. In the 
case of spaceborne SAR, the antenna is synthetic and created by the real antenna’s movement along 
the satellite orbit (see Figure 7). This principle added to the aperture given by the distance to the object 
enables the production of high-resolution images from spaceborne SARs that can be used to detect 
vessels from space (see Figure 8). 

 

Figure 7: Synthetic aperture principle 

 
Source: (Chan & Koo 2008) 
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Figure 8: Classical ship wake pattern in SAR imagery 

 

Source: https://sentinels.copernicus.eu/ 

 

The EU Copernicus programme has had the Sentinel-1 satellites in service since 2014. These satellites 
use an SAR with wide area coverage and improved revisit times and can potentially detect smaller ships 
than older satellite missions. 

The mission's ability to observe in all weather during the day or at night makes it ideal for precise cueing 
and location of ship activities at sea, allowing for more efficient and cost-effective use than other 
security assets such as patrol aircraft and ships (ESA 2012a).  

Sentinel-1 data relevant to ship detection is transmitted by the satellite in real-time for reception by 
local collaborative ground stations supporting European and national services which will be described 
in section 2.3. 

  

https://sentinels.copernicus.eu/
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2. CURRENT APPLICATIONS USING TRANSMITTED POSITIONAL 
DATA SYSTEMS 

 

To depict the applications currently used to enforce fisheries legislation or fisheries research, a 
representative group of case studies will be presented for each of the transmitted positional data 
systems shown in Chapter 1 and for both satellite imaging sources. 

 

2.1. Applications using a vessel monitoring system 

2.1.1. The EU vessel monitoring system for fisheries control. 

The VMS is a satellite-based monitoring system which provides data at regular intervals to fisheries 
authorities concerning the position of European fishing vessels (EFCA 2021). 

VMS is nowadays a standard tool for fisheries monitoring and control worldwide. The EU had led the 
way, becoming the first part of the world to introduce compulsory VMS tracking for all larger boats in 
its fleet (FAO 1998). 

EU legislation requires that all coastal EU countries should set up systems that are compatible with each 
other, so that countries can share data and the Commission can monitor compliance with rules. EU 
funding is available for Member States to acquire state-of-the-art equipment and train their people to 
use it (EFCA 2021). 

The European Fisheries Control Agency (EFCA) was created by the European Union to promote the 
highest common standards for control, inspection and surveillance under the Common Fisheries Policy 

KEY FINDINGS 

• The use of each of the data sources identified has been analysed from literature 
and sources publicly available on the internet. 

• VMS has mainly been used by EFCA and the Member States’ fishing authorities. 
But it has been increasingly used in the academic world since the change in some 
user/usage rules enabling easier access to such data. 

• Among all the transmitted positional data systems (TPDS) identified, AIS is the 
most widely used due to the short time between transmissions, public availability 
of data and increased detection on the high seas with the deployment of more 
satellite AIS receivers. All these characteristics make AIS, a system not designed for 
fisheries control, the main spatial data source used by fishery researchers and non-
governmental organisations to develop spatial research of fisheries (effort 
distribution, marine spatial planning, etc.). 

• Finally, the use of satellite VHR and SAR systems has mainly been for enforcement 
and control and as such only accessible to the national or European Fisheries 
Control bodies through the European Maritime Safety Agency (EMSA) or to 
private clients with the financial ability to pay very specialised companies that offer 
solutions very similar to those of the EMSA. 
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(CFP) and to ensure Europe-wide that European obligations are complied with by everyone and that 
everyone in the fishing sector is treated equally, wherever they might be operating. 

The EFCA’s work comprises joint deployment plans (JDPs) established for fisheries deemed a priority 
by the European Commission and the concerned Member States. EFCA control activities are planned 
for each year based on the results of regional risk assessments. 

When a Member State or the EFCA performs a sea-based inspection, the VMS data are used by patrol 
vessels and aircraft to find the inspected fishing vessel at sea. In the event of land-based inspections 
(see Figure 9), VMS advises beforehand that a fishing vessel is approaching its harbour to land catches 
so that land-based inspectors can be ready to inspect them. Finally, VMS is used by the different 
national fishing authorities as a tool to monitor that a vessel is not fishing in prohibited or closed zones 
such as marine protected areas (MPA) or territorial waters of a different EU Member State. 

 

Figure 9: Data flow of the EU VMS system 

 
Source: ECA 2017 
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Even though legal provisions regarding the use of satellite-based VMS for fisheries control have been 
updated at several occasions by the European legislator since 19971, the main technical provisions for 
the characteristics for satellite-tracking devices remained merely unchanged:  

Art. 19, Commission Implementing Regulation (EU) 404/20112): 

“The satellite-tracking device installed on board Union fishing vessels shall ensure the automatic 
transmission to the FMC [Fisheries Monitoring Centre] of the flag Member State, at regular intervals, of data 
relating to:  

(a) the fishing vessel identification; 

(b) the most recent geographical position of the fishing vessel, with a position error which shall be less 
than 500 metres, with a confidence interval of 99 %; [...]." 

As a consequence, Union’s legal requirements for the use of VMS were neither adapted to the level of 
data precision of newly developed GNSS systems with a standard position error of less than 50 metres, 
nor to the improved and more cost-efficient satellite communication systems allowing a much higher 
position transmission frequency (Lambert et al. 2012).  

2.1.2. The US vessel monitoring system for fisheries controls 

The VMS in the US is used to support law enforcement initiatives and to prevent violations of laws and 
regulations. VMS also helps enforcement personnel focus their patrol time on areas with the highest 
potential for significant violations (NOAA 2021b). 

The VMS programme currently monitors more than 4 000 vessels, the largest national fleet forced to 
have an active VMS during its fishing operations. The system operates 24 hours a day, 7 days a week 
with near-perfect accuracy, which is why the programme is of interest to other users, including the US 
Coast Guard and fishery researchers. VMS data are, by law, subject to strict confidentiality requirements 
(NOAA 2021b), making it very difficult to use this data for academic work (Westfall et al. 2020). 

The US VMS hardware architecture is very similar to the one used in the EU. But it differs mainly in the 
time between position reports, typically once an hour, and the ability to automatically decrease time 
intervals when the vessel is approaching environmentally sensitive areas such as MPAs. Alerts can be 
sent to the VMS technicians and other personnel when a particular vessel location might require 
additional inquiry or contact with the vessel operator (NOAA 2021b). 

Other uses for the vessel monitoring system in the US are: 

• Managing sensitive and protected areas such as marine sanctuaries; 

• Monitoring the activity and arrival of vessels in port to plan for inspections; 

• Supporting the catch share programs; 

• Tracking, monitoring, and predicting fishing effort, activity and location; 

• Managing observer programs; 

• Verifying/validating data from other sources; 

                                                             
1 See: Commission Regulation (EC) No 1489/97 of 29 July 1997 laying down detailed rules for the application of Council Regulation (EEC)  

No 2847/93 as regards satellite-based vessel monitoring systems 
2  See : COMMISSION IMPLEMENTING REGULATION (EU) No 404/2011 of 8 April 2011 laying down detailed rules for the implementation of 

Council Regulation (EC) No 1224/2009 establishing a Community control system for ensuring compliance with the rules of the Common 
Fisheries Policy 

https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A31997R1489
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32011R0404
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• Identifying fishing vessels. 

Similar to the EFCA, in the United States the National Oceanic and Atmospheric Administration (NOAA) 
created the Office of Law Enforcement (OLE). The OLE is dedicated to enforcing laws that conserve and 
protect US marine resources and their natural habitat by ensuring compliance with domestic law and 
supporting international treaty requirements designed to preserve global fish resources (NOAA 2021c). 

The OLE publishes on its website all relevant inspections and law infringements on  a weekly basis 
(NOAA 2021a). This makes it difficult to compare the performance of the EFCA and the OLE in pursuing 
fishery infringements. 

2.1.3. Use of VMS data in fisheries science in the EU 

In Europe, vessel monitoring systems were introduced for fishery control and enforcement purposes 
but are increasingly used to support the assessment of fishing activity and marine spatial planning 
(Murawski et al. 2005). 

The growing time-series of VMS data are beginning to allow fishery scientists to take into account fine-
scale spatial and temporal aspects of commercial fishery data, enabling the mapping of fishing effort 
(see Figure 10) (Murawski et al. 2005; Witt & Godley 2007; Bastardie et al. 2010; Lee et al. 2010; Gerritsen 
& Lordan 2011; Lambert et al. 2012; Enever et al. 2017; Birchenough et al. 2021). 

Based on all these studies, almost all the main fishing gear operating in Europe have a published 
method to identify fishing times (Table 1), enabling an estimate of fishing effort to be produced (Lee et 
al. 2010). This information and the methods are nevertheless not routinely used when producing 
scientific advice for fisheries management, because it is difficult for scientists to gain access to VMS on 
a regular basis due to confidentiality rules (Hinz et al. 2013). 

Another major area of scientific study using VMS data are marine spatial planning (MSP), which tries to 
spatially arrange different uses of the seas (Murawski et al. 2005; Campbell et al. 2014; Tolvanen et al. 
2019). 

The third main area of study is to quantify the effects of fishing in the marine benthos by means of the 
number of fishing operations over the different habitats studied (Lambert et al. 2012; Gerritsen et al. 
2013; Rijnsdorp et al. 2013; Eigaard et al. 2017). 

Given the original purpose of introducing such systems, the use of VMS data for research and impact 
assessment has some limitations. These include incomplete coverage of vessel activities, overly long 
durations between position records and a lack of information about whether a vessel is fishing or not 
when the position is reported (Lee et al. 2010). 

Due to such problems, different authors have proposed various approaches to interpolate fishing 
tracks from insufficient VMS data (Hintzen et al. 2010; Russo et al. 2011), methods to solve the mismatch 
between VMS temporal resolution and fishing activity time scales (Katara & Silva 2017) or even to 
compare VMS and AIS data to test the best interpolation for fishing tracks (Shepperson et al. 2018) 
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Figure 10: Estimated fishing activity of UK vessels by trawl gear types 

 
Source: Lee et al., 2010 

In order to make it easier for more scientists to use the European VMS, two open software packages 
have been developed and are available to the scientific community for VMS data analysis (Russo et al. 
2011; Hintzen et al. 2012), including many of the previously cited extrapolation methods. 
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Table 1: Estimation methods for spatial distribution of fishing activities through VMS data 

 
Source: Lee et al., 2010 
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2.1.4. Use of VMS data in fisheries science in the United States of America 

VMS data from US fishing vessels have only rarely been used in research (Murawski et al. 2005; Palmer 
& Wigley 2009), despite the fact that the US has more vessels with VMS (> 4,000) than any other nation. 
Since the installation of VMS devices is compulsory in the USA, there are tens of millions of VMS records 
available for some fisheries. This data represents a major source of information for fisheries 
management but is nevertheless largely under-utilised as it is linked to strict confidentiality rules. 

 

2.2. Applications using an automatic identification system 
As stated in the Chapter 1, the need to negotiate access to VMS data with national control authorities 
has so far confined research applications to specific fisheries and local areas (Natale et al. 2015). 

In addition to VMS, another system providing detailed vessel positioning data are the automatic 
identification system. The AIS was introduced in 2002 by the International Maritime Organisation (IMO) 
to improve maritime safety and avoid ship collisions (Bastardie et al. 2010). 

The AIS has some advantages over VMS, as the time between transmissions is shorter, from two 
seconds to three minutes, and it is relatively easy to access AIS data from free repositories or from 
private companies, subject to a fee (Dupont et al. 2020). 

Figure 11: Workflow of AIS data from emission to the Global Fishing Watch website 

Source: https://globalfishingwatch.org/  

https://globalfishingwatch.org/
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But the AIS also shows disadvantages, such as difficulties in receiving the respective signals if the vessel 
is more than 50 miles from a land antenna or if this signal is not received by one of the AIS satellites 
(Harati-Mokhtari et al. 2007). 

Different authors have tried to compare the estimates of fisheries effort calculated from AIS data and 
from VMS data (Natale et al. 2015; Stasolla et al. 2016; Shepperson et al. 2018) or to develop algorithms 
to detect transhipments (Miller et al. 2018) or even formulate methods to detect sailing anomalies for 
law enforcement (Pallotta et al. 2013). 

The areas of research in fisheries using AIS are mainly the same as when using VMS, but with a larger 
number of studies due to the easier access to AIS data (Miller et al. 2018; Dupont et al. 2020) 

The most extensive scientific work using AIS data to research fisheries is being carried out by “Global 
Fishing Watch” (GFW), an independent, international non-profit organisation originally set up through 
a collaboration between three partners: “Oceana”, an international organisation dedicated to 
protecting and restoring the ocean; “SkyTruth”, experts in using satellite technology to protect the 
environment; and “Google”, who provides the tools for processing big data. The main product of the 
GFW is a web page (https://globalfishingwatch.org/map/), providing all kinds of fishing activities based 
on AIS data received from satellites, and merged with data from some governments (mainly VMS data) 
as well as SARS data. The workflow of GFW is showed in Figure 11 and the main product of GFW are 
fishing effort maps like the one shown in Figure 12. 

 

Figure 12: Fishing effort of all fishing vessels present in European waters, January 2021 

 
Source: https://globalfishingwatch.org/map/  

 
  

https://globalfishingwatch.org/map/
https://globalfishingwatch.org/map/
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2.3. Applications using satellite remote sensing 

2.3.1. European Maritime Safety Agency - Copernicus Maritime Surveillance 

The European Maritime Safety Agency (EMSA) is a regulatory agency that originated in the late 1990s 
along with a number of other major European maritime safety initiatives. The EMSA was established by 
Regulation (EC) no. 1406/2002 as a major source of support for the Commission and the Member States 
in the field of maritime safety and prevention of pollution from ships. Subsequent amendments have 
refined and enlarged its mandate. 

Figure 13: Support of fisheries control through Copernicus Maritime Surveillance Service  

 
Source: © EMSA 2018 

The European Commission initiated studies on integration of  remote sensing in fisheries control in the 
first years of the 21st century, starting with SAR images (Kourti et al. 2014) and adding VHR multispectral 
images when available (Kourti et al. 2005). 

These studies were the starting point for the “Copernicus Maritime Surveillance” (CMS) Service (see 
Figure 13), which provides earth observation products (satellite images and value-adding products) to 
support better understanding and improved monitoring of activities at sea (EMSA 2020). 

CMS has a wide range of operational functions such as maritime safety and security, fisheries control, 
customs, law enforcement, marine environment pollution monitoring, and others. Implemented by the 
EMSA, it is a security service of the EU’s Copernicus Programme for maritime surveillance purposes 
(EMSA 2020). 
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The benefits from Earth observation data do not lie solely in the volume of data available, but rather in 
its intelligent use in a targeted manner. The value-added products offered by the CMS service aid users 
by extracting particularly valuable information from the basic image products, allowing authorities to 
undertake higher level analysis of objects, features or activities at sea more quickly and efficiently 
(EMSA 2020). 

The value-added products can be provided either as a layer on top of the original satellite image 
product or as a separate layer of information, for example a vector layer. This enables users to select 
which individual product or combination of products is relevant to them. 

For example, a user requesting high resolution optical data to support the search for an individual 
vessel may want a vessel detection layer to quickly identify the location of all vessels in the area, but 
also the original image product layer to see the details of the vessels to narrow down the search.  

The value-added products currently being offered by EMSA to users include the following: 

• “Vessel Detection Service” (VDS), 

• “Feature Detection Service” (FDS), and  

• “Activity Detection Service” (ADS). 

a. EMSA Vessel Detection Service (VDS) 

This service entails the delivery of value-added products, mainly using high and very high resolution 
images, focusing on vessel detection. The “Vessel Detection Service” (VDS) refers to the extraction of 
vessel positions based on echoes or detectable objects in the satellite image that may be vessels. 

Figure 14: Example of vessel detection and detail of correlated vessel. 

 
Source: © EMSA 2019 
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“Enriched Vessel Service” (EVS) merges vessel detection and classification. It entails further analysis of 
satellite images and contains elements which were not included in the VDS. 

b. EMSA Feature Detection Service 

This service entails the delivery of value-added products, mainly using high and very high-resolution 
images, focusing on feature detection. The “Feature Detection Service” (FDS) aims to detect features of 
interest at sea, along the shoreline and in harbour areas which are not covered by other EMSA EO 
products (oil spill detection, vessel detection or activity detection). 

Figure 15: Example of Feature Detection System showing fish cages 

Source: © EMSA 2019 

FDS includes the following attributes: 

• Feature description – high-level description of the detected feature; 
• Position – latitude/longitude coordinates; 
• Time stamp – date/time of acquisition. 
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c. EMSA Activity Detection Service (ADS) 

This service entails the delivery of value-added products, mainly using very high resolution images, 
focusing on activity detection. The purpose of the “Activity Detection Service” (ADS) is to report 
information about activities of interest detected in the satellite images, over a defined area at a given 
time. For example, when the user requests an ADS for at-sea-encounter only at-sea-encounters shall 
be included in the delivered product and no other activities such as oil pollution. 

Figure 16: Example of activity detection, in this case vessel search and rescue 

 
Source: ©EMSA 2019 

2.4. Applications combining different data sources 

2.4.1. EMSA Copernicus Maritime Surveillance – Vessel Correlation Service 

Copernicus Earth observation images can be integrated with other data both from EMSA’s maritime 
information applications and from external data sources. This additional data may include information 
such as vessel location, identification and tracking data (for example, “Automatic Identification System” 
(AIS), “Long Range Identification and Tracking” (LRIT), and “Vessel Monitoring System” (VMS)), intelligence 
data provided by users and external meteorological data (EMSA 2020). Combining data makes the 
overall information provided to Member State users more operationally valuable. Vessel position and 
track information, for example, overlaid on satellite images with a vessel detection layer Figure 17, 
provide a very powerful tool for checking on vessel activity at sea – including verifying those vessels 
that are reporting and locating vessels that are not reporting their whereabouts (EMSA 2020). EMSA 
provides these fusion products to CMS service users according to their needs and to their data access 
rights. 
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Figure 17: Example of vessel in a SARS image correlated to AIS data 

 

Source: © EMSA 2019 

2.5. Private companies offering applications using satellite remote 
sensing (SRS) 

A growing number of private companies, most of them subsidiaries of companies owning private 
satellites, are offering applications very similar to the services granted by EMSA to European and 
national control bodies. For instance, German European Space Imaging offers a Total Maritime 
Situational Awareness product that merges VHR, SARS and AIS data, whose capabilities range from 
vessel detection and oil spill monitoring to assistance for marine fish farms so they can avoid algae 
bloom contamination. 

Another example of a company offering to the private sector products similar to the ones in the EMSA 
portfolio is the Finnish ICEYE, which detect vessels through SAR images and correlates them with AIS 
data to find vessels that have intentionally switched off their AIS transponders and gone ‘dark’. An 
example is shown in Figure 18, where ‘dark fishing’ vessels are identified. 

An AIS match was found with several Chinese fishing vessels. Additionally, there are several 
unidentified dark vessels which are presumed to be engaging in fishing. 
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Figure 18: Squid fishing off the coast of Argentina 

Source: ICEYE Analytics 
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3. BENEFITS AND RISKS OF TRANSMITTED POSITIONAL DATA 
SYSTEMS 

 

In this chapter the benefits and risks of each of the technologies studied in Chapter 2 will be analysed 
for fisheries control and fisheries science. The analyses consisted of a SWOT analysis of technologies 
identified in Chapter 2 and the identification of technologies more suitable for fisheries control and 
scientific use of the compiled data. 

The SWOT analysis was performed for strengths and weaknesses by studying the scientific literature 
that will be cited in the bullet points after each SWOT. As for opportunities and threats, a group of AZTI 
researchers, experts in the areas of data collection and stock evaluation in different fisheries (Atlantic 
Ocean, tropical tuna fisheries, small local fisheries), was invited to a meeting to discuss and identify 
these parameters; the results for that meeting were used for the OT part of each SWOT analysis. 

  

KEY FINDINGS 

• To identify the benefits and risks of each of the electronic technologies analysed in 
Chapter 2, a strengths, weaknesses, opportunities and threats (SWOT) analysis of 
each of them was carried out. From the different SWOT analyses, it was concluded that 
none of the current technologies are ideal for the current objectives of control and 
scientific studies in fisheries and that a technical update of the current VMS could be 
the best solution. 

• The current VMS specifications have become obsolete, considering the current 
technical capacities. The main problem is that legislation makes its use compulsory for 
fishing vessels, with the technical requirements (precision and frequency) formulated 
in 2002 and not updated since then. 

• The AIS, which has aged better and adapted to new technologies, could satisfy 
scientific needs, but it was not designed for fisheries control and its use conflicts with 
laws governing privacy protection and personal data use. 

• High-resolution satellite images offer uses that are not covered by the two previous 
technologies when it comes to providing evidence of unwanted behaviour, but the 
number of satellites is insufficient in order to continuously monitor fisheries and there 
are doubts as to whether they comply with privacy requirements. 

• The use of combined, transmitted positional data and satellite images provides results 
that cannot otherwise be offered, thought also combines the legal weaknesses of both 
data sources. 
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3.1. Vessel monitoring system 

STRENGTHS 
• Reliable and well tested. 
• Rules of use well known by 

fishers. 
• Infrastructure already in 

place in all Member States. 
• Real time reception and use 

of data. 

 

WEAKNESSES 
• Legal rules not adapted to 

current technological 
development. 

• Long time lag between 
transmissions. 

• Low legal spatial accuracy.  
• Confidentiality impedes use 

for uses not controlled. 
• The GPS can be jammed. 

OPPORTUNITIES 
• Upgradeable to current 

technological developments. 
• Can be adapted to new and 

cheaper communication 
technologies. 

• Potential to be routinely used 
in fisheries science. 

• Machine learning and fishing 
events identification methods 
developed with AIS could be 
easily adapted if faster 
emission frequencies are 
implemented. 

THREATS 

• If updated, fishers would be 
reluctant to abide by stricter 
control measures. 

• Confidentiality issues from 
data protection laws could 
impair its use for fisheries 
science if this is not 
addressed in the new 
fisheries control framework. 

3.1.1. Strengths of VMS 

VMS technology can be defined as a reliable and well-tested technology (FAO 1998; Vermard et al. 
2010; Gerritsen & Lordan 2011) which in the case of EU countries has been used since 1997 and operates 
in all Member States (EFCA 2021). 

The facilities of the different National Fisheries Monitoring Centres and the European Fisheries Control 
Agency can receive and use the CMS data in real time to ask for sea-based or land-based inspections 
(EFCA 2019). 

Finally, fishers are well-informed about the VMS rules (Borit & Olsen 2012) and fishers positively value 
that the monitoring be carried out by public institutions and no other agents (Garza-Gil et al. 2015). 

3.1.2. Weaknesses of VMS 

One of the main weakness of VMS is that the minimum technical requirements requested in current 
legislation are outdated and far from the current capabilities of GNSS with respect to spatial accuracy 
(Mendo et al. 2019; Kumar et al. 2021a) and time between transmissions (Katara & Silva 2017; 
Shepperson et al. 2018; Mendo et al. 2019). 

Regarding scientific use, another major weakness is the confidentiality issues which currently hamper 
scientific access to this high-resolution effort data, thus endangering the provision of management 
advice based on the best available knowledge (Hinz et al. 2013). 

The received global navigation satellite system (GNSS) signal has very low power due to travelling a 
very long distance and the nature of the signal’s propagation medium. GNSS signals are thus easily 
susceptible to signal interference (Shehaj et al. 2017). Signal interference can cause severe degradation 
or interruption in GNSS position, navigation, and timing (PNT) services which could be very critical. 

SWOT



Workshop on electronic technologies for fisheries - Part I: Transmitted positional data systems 

39 
 

Nowadays small jammers can be purchased relatively easily (Elghamrawy et al. 2020). Since the main 
data source of a VMS is received from GNSS, it is clear that VMS could be easily jammed. 

3.2. Automatic identification system 

STRENGTHS 
• Reliable and well tested. 
• Rules of use well known by 

fishers. 
• Infrastructure already in 

place all around the world. 
• Short time lag between 

transmissions. 
• Algorithms for analysis 

developed. 

 

WEAKNESSES 
• Legal rules enforcing its 

use not intended for 
fisheries. 

• Confidentiality obstructs 
use for non-security 
purposes. 

• Best reception 
infrastructure not owned 
by Member States. 

• No authority enforcing use 
in fishing vessels when far 
from ports. 

OPPORTUNITIES 
• Historical data could be 

used for fisheries science. 
• Many algorithms for large 

amounts of data have been 
developed and are available 
for use. 

THREATS 
• Data protection laws 

could invalidate use to 
enforce fishing rules. 

• Larger databases owned 
by private companies. 

3.2.1. Strengths of AIS 

Since AIS began being used, its technology has a proven history of reliability (Harati-Mokhtari et al. 
2007) in its primary use of avoiding collisions and in many other uses such as fishery research (Taconet 
et al. 2019), marine spatial planning (Le Tixerant et al. 2018; Dupont et al. 2020), detection of anomalies 
in law enforcement (Pallotta et al. 2013) or conservation policies (Robards et al. 2016). 

As with VMS, fishers have a good knowledge of the rules governing AIS use (IMO 1980); they normally 
follow the AIS rules. 

A spaceborne (Cervera et al. 2011) and land-based infrastructure has been created around AIS which 
receives and collects AIS data by public institutions (EMSA 2020), private companies such as ORBCOMM 
or even networks of open data access enthusiasts such as AISHub (www.aishub.net). This makes the 
number of AIS emissions in public or private databases increase every year. 

Compared to VMS, one of the parameters that makes AIS stronger is the shorter time between 
emissions. This allows better coupling of fishing events timing with the positions received (Shepperson 
et al. 2018), or enables investigation of the high-resolution effects of trawlers in benthic habitats (Le 
Guyader et al. 2017; Morgan & Baco 2021), identifies transhipment behaviour in tropical tuna fisheries 
(Miller et al. 2018; Seto et al. 2020) or even tracks the global fisheries footprint, analysing AIS with neural 
networks to identify fishing events (Kroodsma et al. 2018). 

SWOT

http://www.aishub.net/
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3.2.2. Weaknesses of AIS 

Despite having many strong points, AIS also has a number of evident weaknesses, starting with the fact 
that setting up and enforcing AIS use is based on international maritime traffic security rules (IMO 
1980), which do not allow any amendment or change of rules that could benefit the respective use in 
fisheries control or research. 

A second weakness, in common with VMS, is that confidentiality laws might obstruct the use of AIS 
(Hinz et al. 2013; Dupont et al. 2020) for fisheries research. 

It is to be noted that the best reception infrastructures are owned by private companies, particularly in 
the case of AIS data received from satellite constellations (Cervera et al. 2011; Fournier et al. 2018).  

Finally, it is well known that AIS data has ‘black holes’, defined as areas where due to the lack of land-
based antennas the AIS emissions are not received (Salmon et al. 2016) and stored. Even worse for the 
use of AIS in control or fisheries science is the ‘AIS switch-off’, which refers to the fact that many vessels 
turn off their AIS transponder in order to hide their whereabouts when travelling in waters with 
frequent piracy attacks or potential illegal activity, thus deceiving either the authorities or other pirate 
vessels (Emmens et al. 2021). 
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3.3. Satellite remote sensing 

STRENGTHS 
• Very High Resolution. 
• Infrastructure is growing 

continuously. 
• EU-funded satellites 

provide open data to 
scientists and companies. 

• Algorithms for detection 
and classification are 
developed and open-
sourced. 

 

 

WEAKNESSES 
• Legal rules not adapted 

to this data, no final 
position from the 
European Data 
Protection Board. 

• Long time between 
transmissions. 

• Confidentiality 
problems increase the 
higher the resolution 
of the satellite images. 

OPORTUNITIES 
• Deep learning algorithms 

will allow huge amounts of 
data to be processed. 

• Computing power keeps 
getting cheaper. 

THREADS 

• Fisheries control could 
be illegal using this 
data due to 
confidentiality issues. 

• Private companies are 
offering products 
similar to those 
developed for fisheries 
control to anyone with 
the money. 

3.3.1. Strengths of SRS 

The first great strength of SRS is the very high resolution of current SAR and VHR sensors, enabling 
detection of a small-size fishing vessel (10-15 m) (Longepe et al. 2018; Chaturvedi 2019; Snapir et al. 
2019) or even its visual identification from VHR images in the case of larger vessels (30-40 m). 

A second strength is the growing space, land and big data infrastructure which are allowing broader 
access to Copernicus/Sentinel program products and images (ESA 2012a, b). 

It is clear that the open data access policy for EU-funded satellite images and products is promoting 
the development of new ways of fishery control enforcement (Santamaria et al. 2017; Snapir et al. 2019) 
and fisheries research (ESA 2012b, a). 

Thanks to the open data access policy, the scientific community is producing algorithms for detection 
and classification of vessels which are open-sourced for control and research of fisheries (Heiselberg 
2016; Stasolla et al. 2016; Greidanus et al. 2017; Huang et al. 2018; Kanjir et al. 2018; Zhuang et al. 2020; 
Li et al. 2021). 

3.3.2. Weaknesses of SRS 

The weakness associated to the long time between transmissions derives from the fact that the 
Sentinel1 mission is based on a constellation of two identical satellites, Sentinel-1A and Sentinel-1B, 
launched separately. In SAR mode, Sentinel-1A can map global landmasses once every 12 days. Since 
there are two Sentinel 1s one or both will pass over the same place at the equator every six days. In the 
case of Europe, the time is reduced to every two days, due to European latitudes (ESA 2012a). 

Many Earth observation experts and legal scholars agree that parallel to the more enhanced resolution 
of remote sensing images, the likelihood of privacy issues also grows (von der Dunk 2009; Aloisio 2017). 

SWOT
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For example, observing a boat via remote sensing VHR imagery can identify the boat with a large 
likelihood that the captain will be on board even if the captain is never actually depicted on deck, at 
least not in a sufficient resolution to identify him by his looks. The mere fact of tracking the boat 
could be violating the captain’s, and possibly also the crew’s, right to privacy, as their position and 
movement is tracked (Aloisio 2017). 

The above provides an idea of the main weakness of VHR images, which is the need to adopt legal rules 
that clarify the privacy issues regarding use of VHR and SAR images for fisheries control. 

 

3.4. Applications combining different data sources 

STRENGTHS 
• Using two or more 

data sources enables 
gaps to be filled. 

• They allow detection 
and documentation of 
illegal actions that 
cannot be 
demonstrated without 
combining data. 

• Useful not only for 
fisheries control but for 
control in general. 

 

WEAKENESS 
• There is no specific 

legislation. 
• Confidentiality issues. 
• Not applicable to 

routine control. 
• Satellite images of a 

given zone only 
available for short 
periods of time. 

• Not accessible from 
EMSA by scientists. 

OPPORTUNITIES 
• With the increasing 

number of commercial 
satellites, the dark 
zones will be reduced. 

THREATS 
• Vulnerable to 

confidentiality issues 
when used for 
enforcement. 

• Not only in public 
hands. 

3.4.1. Strengths of applications combining different data sources. 

Since AIS and VMS data are sources completely independent of the sources of VHR or SAR images, when 
combined the gaps encountered using only one data source are in many cases filled (Kourti et al. 2005; 
Kourti et al. 2014; Krumme et al. 2015; Longepe et al. 2018). 

Combining different data sources enables detection and documentation of illegal actions that cannot 
be demonstrated without combining data (Longepe et al. 2018; Galdelli et al. 2021). 

These new developments are not only useful for fishery control but for control in general (Galdelli et al. 
2021). 

3.4.2. Weaknesses of applications combining different data sources. 

Evidently, all the weaknesses identified in VMS, AIS and SAR/VHR data are present or are even worse 
when combining such data sources, especially with respect to the confidentiality issues. 

SWOT
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3.5. Conclusions 
In summary it can be concluded that none of the described electronic technologies (VMS, AIS, SRS and 
combined solutions) currently used are ideal. However, there is no technological obstacle that would 
prevent taking the best elements of each of the existing ETs to develop a far better transmitted 
positional data system than the currently imposed VMS. 

Available technology would allow to easily design a VMS that would collect data for position, speed 
and heading of fishing vessels with much greater precision (for example ± 25 m) and with a frequency 
similar to that of AIS (every 5-10 seconds). 

Such data would be transmitted to control agencies with a frequency of no more than15 minutes by 
using the present satellite communications. The recorded data would be downloaded and encrypted 
to control agency datacentres through current telephone networks (4G or 5G) when the fishing vessel 
is within coverage. Furthermore, this method would allow better data to be obtained in the event of 
legal disputes and for fisheries science, while not increasing the transmission costs for fishers. 

As shown for the case of AIS, the higher frequency of data collection would make it possible to receive 
evidence not only on the fishing vessels’ positions, but also if and how often they were engaged in 
fishing operations. 

For fisheries science and management, such data could ideally be used for assessing total and spatial 
distribution of fishing effort or effects on habitats. But also, data for marine spatial planning and other 
relevant parameters for fisheries management, including data relating to the different objectives of the 
Marine Strategy Framework Directive (MSFD) could be easily collected. 

Furthermore, processing of combined data would contain important information for fisheries control. 
A new VMS combined with VHR or SAR images would allow EFCA together with EMSA, to identify and 
document illegal fishing activities. 

EMSA uses this possibility of combining different data sources already with AIS data. But the use of new 
and more accurate VMS data with shorter emission time would enable data collection independent 
from AIS, which was not designed for fisheries control. 
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4. POLICY RECOMMENDATIONS 

4.1. Positional data devices 
• Extent the obligation to use tracking devices in commercial fishing vessels to the 

maximum possible consensus. 

• Increase the accuracy of VMS positional data so it can be of a similar magnitude as the 
actual data provided by current GNSS systems (20 metres). The enforced precision 
indication of 500 metres was intended for the GPS capabilities of the late twentieth century 
and not for current GNSS systems like Galileo which enable accuracies of 20 metres at 99% 
confidence with free receivers such as those used in mobile phones. 

4.2. Emission time 
• Reduce the VMS emission time of both data types to ten minutes (instant transmission) 

and one minute (stored data or delayed transmission), respectively. As our review of 
scientific literature suggests, this could be achieved and would be ideal, both for fisheries 
research and control. Nowadays cheaper means of transmission, as well as technologies 
capable of storing and transmitting huge volumes of data exist. In this way sufficient 
spatio-temporal resolution to apply automated algorithms for detecting fishing activities 
could be achieved.  

4.3. Personal data protection 
• Take the necessary actions to grant access to the generated data to control bodies and 

scientific advisors for fisheries management while preserving the personal privacy of 
fishers. 

4.4. Satellite remote sensing and positional data 
• Follow-up on the work started recently, by combining VMS, AIS and VHR/SAR images 

as complementary to the VMS data. 

  

KEY FINDINGS 

• Extent the obligation to use tracking devices in commercial fishing vessels. 

• Increase the accuracy of VMS positional data from 500 to 20 metres. 

• Reduce the VMS emission time to ten minutes for instant transmission, and one minute 
to stored data on delayed transmission. 

• Find the right balance to grant access to the generated data while preserving the 
personal privacy of fishers. 

• Follow-up on the work started, by combining VMS, AIS and VHR/SAR. 



IPOL | Policy Department for Structural and Cohesion Policies 
 

46 
 



Workshop on electronic technologies for fisheries - Part I: Transmitted positional data systems 

47 
 

REFERENCES 
• Aloisio G. (2017). Privacy and Data Protection Issues of the European Union Copernicus 

Border Surveillance Service. In: Faculty of Law, Economics and Finance. Université de 
Luxembourg, p. 111.  

• Bastardie F., Nielsen J.R., Ulrich C., Egekvist J. & Degel H. (2010). Detailed  
mapping of fishing effort and landings by coupling fishing logbooks with  
satellite-recorded vessel geo-location. Fisheries Research, vol. 106, p. 41-53. 
http://dx.doi.org/10.1016/j.fishres.2010.06.016 

• Birchenough S.E., Cooper P.A. & Jensen A.C. (2021). Vessel monitoring systems as a tool 
for mapping fishing effort for a small inshore fishery operating within a marine 
protected area. Marine Policy, vol. 124. http://dx.doi.org/10.1016/j.marpol.2020.104325 

• Borit M. & Olsen P. (2012). Evaluation framework for regulatory requirements  
related to data recording and traceability designed to prevent illegal,  
unreported and unregulated fishing. Marine Policy, vol. 36, p. 96-102. 
http://dx.doi.org/10.1016/j.marpol.2011.03.012 

• Campbell M.S., Stehfest K.M., Votier S.C. & Hall-Spencer J.M. (2014). Mapping fisheries 
for marine spatial planning: Gear-specific vessel monitoring system (VMS), marine 
conservation and offshore renewable energy. Marine Policy, vol. 45, p. 293-300. 
http://dx.doi.org/10.1016/j.marpol.2013.09.015 

• Cervera M.A., Ginesi A. & Eckstein K. (2011). Satellite-based vessel Automatic 
Identification System: A feasibility and performance analysis. International  
Journal of Satellite Communications and Networking, vol. 29, p. 117-142. 
http://dx.doi.org/10.1002/sat.957 

• Chan Y.K. & Koo V.K. (2008). An Introduction to Synthetic Aperture Radar (SAR). Progress 
In: Electromagnetics Research B, vol. 2, p. 27-60.  

• Chaturvedi S.K. (2019). Study of synthetic aperture radar and automatic identification 
system for ship target detection. Journal of Ocean Engineering and Science, vol. 4, p. 173-
182. http://dx.doi.org/10.1016/j.joes.2019.04.002 

• China T.S.C.I.O.o.t.P.s.R.o. (2016). China’s BeiDou Navigation Satellite System. In: (ed. 
China TSCIOotPsRo). Foreign Languages Press Co. Ltd.  

• Dupont C., Gourmelon F., Meur-Ferec C., Herpers F. & Le Visage C. (2020).  
Exploring uses of maritime surveillance data for marine spatial planning:  
A review of scientific literature. Marine Policy, vol. 117, p. 103930. 
http://dx.doi.org/10.1016/j.marpol.2020.103930 

• ECA (2017). Special Report No 08/2017: EU fisheries controls: more efforts needed. 
European Court of Auditors, p. 78.  

• EFCA (2019). EFCA 2019 a year in review. In: (ed. Agency EFC). European Fisheries 
Control Agency.  

http://dx.doi.org/10.1016/j.fishres.2010.06.016
http://dx.doi.org/10.1016/j.marpol.2020.104325
http://dx.doi.org/10.1016/j.marpol.2011.03.012
http://dx.doi.org/10.1016/j.marpol.2013.09.015
http://dx.doi.org/10.1016/j.joes.2019.04.002
http://dx.doi.org/10.1016/j.marpol.2020.103930
https://www.eca.europa.eu/en/Pages/DocItem.aspx?did=41459


IPOL | Policy Department for Structural and Cohesion Policies 
 

48 
 

• EFCA (2021). EFCA Fisheries Information System. https://www.efca.europa.eu 
/en/content/efca-fisheries-information-system, European Fisheries Control Agency. 

• Eigaard O.R., Bastardie F., Hintzen N.T., Buhl-Mortensen L., Buhl-Mortensen P., Catarino 
R., Dinesen G.E., Egekvist J., Fock H.O., Geitner K., Gerritsen H.D., González M.M., Jonsson 
P., Kavadas S., Laffargue P., Lundy M., Gonzalez-Mirelis G., Nielsen J.R., Papadopoulou 
N., Posen P.E., Pulcinella J., Russo T., Sala A., Silva C., Smith C.J., Vanelslander B., Rijnsdorp 
A.D. & Kaiser M. (2017). The footprint of bottom trawling in European waters: 
distribution, intensity, and seabed integrity. ICES Journal of Marine Science, vol. 74, p. 
847-865. http://dx.doi.org/10.1093/icesjms/fsw194 

• Elghamrawy H., Karaim M., Tamazin M. & Noureldin A. (2020). Experimental Evaluation 
of the Impact of Different Types of Jamming Signals on Commercial GNSS Receivers. 
Applied Sciences, vol. 10, p. 4240. http://dx.doi.org/10.3390/app10124240 

• Emmens T., Amrit C., Abdi A. & Ghosh M. (2021). The promises and perils of Automatic 
Identification System data. Expert Systems with Applications, vol. 178, p. 114975. 
http://dx.doi.org/10.1016/j.eswa.2021.114975 

• EMSA (2020). Copernicus maritime surveillance product catalogue. EMSA.  

• Enever R., Lewin S., Reese A. & Hooper T. (2017). Mapping fishing effort: Combining 
fishermen’s knowledge with satellite monitoring data in English waters. Fisheries 
Research, vol. 189, p. 67-76. http://dx.doi.org/10.1016/j.fishres.2017.01.009 

• ESA (2012a). Sentinel-1: ESA’s Radar Observatory Mission for GMES Operational Services. 
European Space Agency.  

• ESA (2012b). Sentinel-2: ESA’s Optical High-Resolution Mission for GMES Operational 
Services. European Space Agency.  

• Eugenio F. & Marcello J. (2018). Very High Resolution (VHR) Satellite Imagery. Processing 
and Applications. MDPI.  

• FAO (1998). Fishing operations. 1. Vessel monitoring systems. FAO.  

• Fournier M., Casey Hilliard R., Rezaee S. & Pelot R. (2018). Past, present, and future of the 
satellite-based automatic identification system: areas of applications (2004–2016). 
WMU Journal of Maritime Affairs, vol. 17, p. 311-345. http://dx.doi.org/10.1007/s13437-
018-0151-6 

• Galdelli A., Mancini A., Ferra C. & Tassetti A.N. (2021). A Synergic Integration of AIS Data 
and SAR Imagery to Monitor Fisheries and Detect Suspicious Activities. Sensors (Basel), 
vol. 21, p. 2756. http://dx.doi.org/10.3390/s21082756 

• Garza-Gil M.D., Amigo-Dobaño L., Surís-Regueiro J.C. & Varela-Lafuente M. (2015). 
Perceptions on incentives for compliance with regulation. The case of Spanish 
fishermen in the Atlantic. Fisheries Research, vol. 170, p. 30-38. http://dx.doi.org/ 
10.1016/j.fishres.2015.05.012 

https://www.efca.europa.eu/en/content/efca-fisheries-information-system
https://www.efca.europa.eu/en/content/efca-fisheries-information-system
http://dx.doi.org/10.3390/app10124240
http://dx.doi.org/10.1016/j.eswa.2021.114975
http://dx.doi.org/10.1016/j.fishres.2017.01.009
http://dx.doi.org/10.1007/s13437-018-0151-6
http://dx.doi.org/10.1007/s13437-018-0151-6
http://dx.doi.org/10.3390/s21082756


Workshop on electronic technologies for fisheries - Part I: Transmitted positional data systems 

49 
 

• Gerritsen H. & Lordan C. (2011). Integrating vessel monitoring systems (VMS) data with 
daily catch data from logbooks to explore the spatial distribution of catch and effort at 
high resolution. ICES Journal of Marine Science, vol. 68, p. 245-252. 
http://dx.doi.org/10.1093/icesjms/fsq137 

• Gerritsen H.D., Minto C. & Lordan C. (2013). How much of the seabed is impacted by 
mobile fishing gear? Absolute estimates from Vessel Monitoring System (VMS) point 
data. ICES Journal of Marine Science, vol. 70, p. 523-531. http://dx.doi.org/10.1093 
/icesjms/fst017 

• Greidanus H., Alvarez M., Santamaria C., Thoorens F.-X., Kourti N. & Argentieri P. (2017). 
The SUMO Ship Detector Algorithm for Satellite Radar Images. Remote Sensing, vol. 9, 
p. 246. http://dx.doi.org/10.3390/rs9030246 

• GSA (2021). What is GNSS? URL https://www.gsa.europa.eu/european-gnss/what-gnss 

• Harati-Mokhtari A., Wall A., Brooks P. & Wang J. (2007). Automatic Identification System 
(AIS): Data Reliability and Human Error Implications. Journal of Navigation, vol. 60, p. 
373-389. http://dx.doi.org/10.1017/s0373463307004298 

• Heiselberg H. (2016). A Direct and Fast Methodology for Ship Recognition in Sentinel-2 
Multispectral Imagery. Remote Sensing, vol. 8, p. 1033. http://dx.doi.org/ 
10.3390/rs8121033 

• Hintzen N.T., Bastardie F., Beare D., Piet G.J., Ulrich C., Deporte N., Egekvist J. & Degel H. 
(2012). VMStools: Open-source software for the processing, analysis and visualisation 
of fisheries logbook and VMS data. Fisheries Research, vol. 115-116, p. 31-43. 
http://dx.doi.org/10.1016/j.fishres.2011.11.007 

• Hintzen N.T., Piet G.J. & Brunel T. (2010). Improved estimation of trawling tracks using 
cubic Hermite spline interpolation of position registration data. Fisheries Research, vol. 
101, p. 108-115. http://dx.doi.org/10.1016/j.fishres.2009.09.014 

• Hinz H., Murray L.G., Lambert G., Hiddink J. & Kaiser M. (2013). Confidentiality over 
fishing effort data threatens science and management progress. Fish and Fisheries, vol. 
14, p. 110-117. http://dx.doi.org/10.1111/j.1467-2979.2012.00475.x 

• Huang L., Liu B., Li B., Guo W., Yu W., Zhang Z. & Yu W. (2018). OpenSARShip: A Dataset 
Dedicated to Sentinel-1 Ship Interpretation. IEEE Journal of Selected Topics in Applied 
Earth Observations and Remote Sensing, vol. 11, p. 195-208. http://dx.doi.org/ 
10.1109/jstars.2017.2755672 

• IMO (1980). International convention for the Safety of Life at Sea (SOLAS), Chapter V: Safety 
of Navigation, Regulation 19.  

• Javier Pérez Bartolomé, Xavier Maufroid, Ignacio Fernández Hernández, Salcedo J.A.L. 
& Granados a.G.S. (2015). Overview of Galileo System. In: GALILEO Positioning 
Technology. Springer Netherlands, p. 182. http://dx.doi.org/10.1007/978-94-007-1830-
2 

http://dx.doi.org/10.1093/icesjms/fsq137
http://dx.doi.org/10.1093/icesjms/fst017
http://dx.doi.org/10.1093/icesjms/fst017
http://dx.doi.org/10.3390/rs9030246
http://www.gsa.europa.eu/european-gnss/what-gnss
http://dx.doi.org/10.1017/s0373463307004298
http://dx.doi.org/10.1016/j.fishres.2011.11.007
http://dx.doi.org/10.1016/j.fishres.2009.09.014
http://dx.doi.org/10.1111/j.1467-2979.2012.00475.x
http://dx.doi.org/10.1007/978-94-007-1830-2
http://dx.doi.org/10.1007/978-94-007-1830-2


IPOL | Policy Department for Structural and Cohesion Policies 
 

50 
 

• Kanjir U., Greidanus H. & Ostir K. (2018). Vessel detection and classification from 
spaceborne optical images: A literature survey. Remote Sens Environ, vol. 207, p. 1-26. 
http://dx.doi.org/10.1016/j.rse.2017.12.033 

• Katara I. & Silva A. (2017). Mismatch between VMS data temporal resolution and fishing 
activity time scales. Fisheries Research, vol. 188, p. 1-5. http://dx.doi.org/ 
10.1016/j.fishres.2016.11.023 

• Kourti N., Shepherd I., Greidanus H., Alvarez M., Aresu E., Bauna T., Chesworth J., 
Lemoine G. & Schwartz G. (2005). Integrating remote sensing in fisheries control. 
Fisheries Management and Ecology, vol. 12, p. 295-307. http://dx.doi.org/10.1111/j.1365-
2400.2005.00452.x 

• Kourti N., Shepherd I., Schwartz G. & Pavlakis P. (2014). Integrating Spaceborne SAR 
Imagery into Operational Systems for Fisheries Monitoring. Canadian Journal of Remote 
Sensing, vol. 27, p. 291-305. http://dx.doi.org/10.1080/07038992.2001.10854872 

• Kroodsma D.A., Mayorga J., Hochberg T., Miller N.A., Boerder K., Ferretti F., Wilson A., 
Bergman B., White T.D., Block B.A., Woods P., Sullivan B., Costello C. & Worm B. (2018). 
Tracking the global footprint of fisheries. Science, vol. 359, p. 904-908. 
http://dx.doi.org/10.1126/science.aao5646 

• Krumme U., Giarrizzo T., Pereira R., de Jesus A.J.S., Schaub C. & Saint-Paul U. (2015). 
Airborne synthetic-aperture radar (SAR) imaging to help assess impacts of stationary 
fishing gear on the north Brazilian mangrove coast. ICES Journal of Marine Science, vol. 
72, p. 939-951. http://dx.doi.org/10.1093/icesjms/fsu188 

• Kumar A., Kumar S., Lal P., Saikia P., Srivastava P.K. & Petropoulos G.P. (2021a). Chapter 
1 - Introduction to GPS/GNSS technology. In: GPS and GNSS Technology in Geosciences 
(eds. Petropoulos Gp & Srivastava PK). Elsevier, pp. 3-20. https://doi.org/10.1016/B978-
0-12-818617-6.00001-9 

• Kumar P., Srivastava P.K., Tiwari P. & Mall R.K. (2021b). Chapter 20 - Application of GPS 
and GNSS technology in geosciences. In: GPS and GNSS Technology in Geosciences (eds. 
Petropoulos Gp & Srivastava PK). Elsevier, pp. 415-427. 
http://dx.doi.org/https://doi.org/10.1016/B978-0-12-818617-6.00018-4 

• Lambert G.I., Jennings S., Hiddink J.G., Hintzen N.T., Hinz H., Kaiser M.J. & Murray L.G. 
(2012). Implications of using alternative methods of vessel monitoring system (VMS) 
data analysis to describe fishing activities and impacts. ICES Journal of Marine Science, 
vol. 69, p. 682-693. http://dx.doi.org/10.1093/icesjms/fss018 

• Le Guyader D., Ray C., Gourmelon F. & Brosset D. (2017). Defining high-resolution 
dredge fishing grounds with Automatic Identification System (AIS) data. Aquatic Living 
Resources, vol. 30, p. 39.  

• Le Tixerant M., Le Guyader D., Gourmelon F. & Queffelec B. (2018). How can Automatic 
Identification System (AIS) data be used for maritime spatial planning? Ocean & Coastal 
Management, vol. 166, p. 18-30. http://dx.doi.org/10.1016/j.ocecoaman.2018.05.005 

http://dx.doi.org/10.1016/j.rse.2017.12.033
http://dx.doi.org/10.1111/j.1365-2400.2005.00452.x
http://dx.doi.org/10.1111/j.1365-2400.2005.00452.x
http://dx.doi.org/10.1080/07038992.2001.10854872
http://dx.doi.org/10.1126/science.aao5646
http://dx.doi.org/10.1093/icesjms/fsu188
http://dx.doi.org/https:/doi.org/10.1016/B978-0-12-818617-6.00018-4
http://dx.doi.org/10.1093/icesjms/fss018
http://dx.doi.org/10.1016/j.ocecoaman.2018.05.005


Workshop on electronic technologies for fisheries - Part I: Transmitted positional data systems 

51 
 

• Lee J., South A.B. & Jennings S. (2010). Developing reliable, repeatable, and accessible 
methods to provide high-resolution estimates of fishing-effort distributions from 
vessel monitoring system (VMS) data. ICES Journal of Marine Science, vol. 67, p. 1260-
1271. http://dx.doi.org/10.1093/icesjms/fsq010 

• Li B., Xie X., Wei X. & Tang W. (2021). Ship detection and classification from optical 
remote sensing images: A survey. Chinese Journal of Aeronautics, vol. 34, p. 145-163. 
http://dx.doi.org/10.1016/j.cja.2020.09.022 

• Lohan E.S. (2015). Advanced Acquisition and Tracking Algorithms. In: GALILEO 
Positioning Technology. Springer Netherlands, p. 182. http://dx.doi.org/10.1007/978-
94-007-1830-2 

• Longepe N., Hajduch G., Ardianto R., Joux R., Nhunfat B., Marzuki M.I., Fablet R., 
Hermawan I., Germain O., Subki B.A., Farhan R., Muttaqin A.D. & Gaspar P. (2018). 
Completing fishing monitoring with spaceborne Vessel Detection System (VDS) and 
Automatic Identification System (AIS) to assess illegal fishing in Indonesia. Mar Pollut 
Bull, vol. 131, p. 33-39. http://dx.doi.org/10.1016/j.marpolbul.2017.10.016 

• Mai T. (2017a). Global Positioning System. URL https://www.nasa.gov/directorates/ 
heo/scan/communications/policy/GPS.html 

• Mai T. (2017b). Global Positioning System History. URL https://www.nasa.gov/ 
directorates/heo/scan/communications/policy/GPS_History.html 

• Mendo T., Smout S., Russo T., D’Andrea L., James M. & Maravelias C. (2019). Effect of 
temporal and spatial resolution on identification of fishing activities in small-scale 
fisheries using pots and traps. ICES Journal of Marine Science, vol. 76, p. 1601-1609. 
http://dx.doi.org/10.1093/icesjms/fsz073 

• Miller N.A., Roan A., Hochberg T., Amos J. & Kroodsma D.A. (2018). Identifying Global 
Patterns of Transshipment Behavior. Frontiers in Marine Science, vol. 5. 
http://dx.doi.org/10.3389/fmars.2018.00240 

• Morgan N.B. & Baco A.R. (2021). Recent fishing footprint of the high-seas bottom trawl 
fisheries on the Northwestern Hawaiian Ridge and Emperor Seamount Chain: A finer-
scale approach to a large-scale issue. Ecological Indicators, vol. 121, p. 107051. 
http://dx.doi.org/10.1016/j.ecolind.2020.107051 

• Murawski S.A., Wigley S.E., Fogarty M.J., Rago P.J. & Mountain D.G. (2005). Effort 
distribution and catch patterns adjacent to temperate MPAs. ICES Journal of Marine 
Science, vol. 62, p. 1150-1167. http://dx.doi.org/10.1016/j.icesjms.2005.04.005 

• Natale F., Gibin M., Alessandrini A., Vespe M. & Paulrud A. (2015). Mapping Fishing Effort 
through AIS Data. PloS one, vol. 10, p. e0130746. http://dx.doi.org/10.1371 
/journal.pone.0130746 

• NOAA (2021a). Enforcement: Enforcement Actions. URL 
https://www.fisheries.noaa.gov/topic/enforcement#enforcement-actions 

http://dx.doi.org/10.1093/icesjms/fsq010
http://dx.doi.org/10.1016/j.cja.2020.09.022
http://dx.doi.org/10.1007/978-94-007-1830-2
http://dx.doi.org/10.1007/978-94-007-1830-2
http://dx.doi.org/10.1016/j.marpolbul.2017.10.016
http://dx.doi.org/10.1093/icesjms/fsz073
http://dx.doi.org/10.3389/fmars.2018.00240
http://dx.doi.org/10.1016/j.ecolind.2020.107051
http://dx.doi.org/10.1016/j.icesjms.2005.04.005
http://dx.doi.org/10.1371/journal.pone.0130746
http://dx.doi.org/10.1371/journal.pone.0130746
http://www.fisheries.noaa.gov/topic/enforcement#enforcement-actions


IPOL | Policy Department for Structural and Cohesion Policies 
 

52 
 

• NOAA (2021b). Enforcement: Vessel Monitoring. URL https://www.fisheries.noaa.gov/ 
topic/enforcement#vessel-monitoring 

• NOAA (2021c). Office of Law Enforcement. URL https://www.fisheries.noaa.gov/ 
about/office-law-enforcement 

• Nurmi J., Lohan E.S., Sand S. & Hurskainen H. (2015). Introduction. In: GALILEO 
Positioning Technology. Springer Netherlands, p. 182. http://dx.doi.org/10.1007/978-
94-007-1830-2 

• Palmer M.C. & Wigley S.E. (2009). Using Positional Data from Vessel Monitoring Systems 
to Validate the Logbook-Reported Area Fished and the Stock Allocation of Commercial 
Fisheries Landings. North American Journal of Fisheries Management, vol. 29, p. 928-942. 
http://dx.doi.org/10.1577/m08-135.1 

• Pallotta G., Vespe M. & Bryan K. (2013). Vessel Pattern Knowledge Discovery from AIS 
Data: A Framework for Anomaly Detection and Route Prediction. Entropy, vol. 15, p. 
2218-2245. http://dx.doi.org/10.3390/e15062218 

• Perez H.M., Chang R., Billings R. & T.L. K. (2009). Automatic Identification Systems (AIS) 
Data Use in Marine Vessel Emission Estimation. In: Eastern Research Group.  

• Rijnsdorp A.D., Eigaard O.R., Kenny A., Hiddink J., Hamon K., Piet G.J., Sala A., Nielsen J.R., 
Polet H., Laffargue P., Zengin M. & Gregerson O. (2013). BENTHIS project final report. In, 
p. 27.  

• Robards M.D., Silber G.K., Adams J.D., Arroyo J., Lorenzini D., Schwehr K. & Amos J. 
(2016). Conservation science and policy applications of the marine vessel Automatic 
Identification System (AIS)—a review. Bulletin of Marine Science, vol. 92, p. 75-103. 
http://dx.doi.org/10.5343/bms.2015.1034 

• Russo T., Parisi A. & Cataudella S. (2011). New insights in interpolating fishing tracks 
from VMS data for different métiers. Fisheries Research, vol. 108, p. 184-194. 
http://dx.doi.org/10.1016/j.fishres.2010.12.020 

• Salmon L., Ray C. & Claramunt C. (2016). Continuous detection of black holes for moving 
objects at sea. In: Proceedings of the 7th ACM SIGSPATIAL International Workshop on 
GeoStreaming. Association for Computing Machinery Burlingame, California, p. Article 
2. http://dx.doi.org/10.1145/3003421.3003423 

• Santamaria C., Alvarez M., Greidanus H., Syrris V., Soille P. & Argentieri P. (2017). Mass 
Processing of Sentinel-1 Images for Maritime Surveillance. Remote Sensing, vol. 9, p. 678. 
http://dx.doi.org/10.3390/rs9070678 

• Sanz Subirana J., Juan Zornoza J.M. & Hernández-Pajares M. (2013). GNSS Data 
Processing, Vol. I: Fundamentals and Algorithms (ESA TM-23/1, May 2013). ESA 
Communications.  

• Seto K., Miller N., Young M. & Hanich Q. (2020). Toward transparent governance of 
transboundary fisheries: The case of Pacific tuna transshipment. Marine Policy, p. 
104200. http://dx.doi.org/10.1016/j.marpol.2020.104200 

http://dx.doi.org/10.1007/978-94-007-1830-2
http://dx.doi.org/10.1007/978-94-007-1830-2
http://dx.doi.org/10.1577/m08-135.1
http://dx.doi.org/10.3390/e15062218
http://dx.doi.org/10.5343/bms.2015.1034
http://dx.doi.org/10.1016/j.fishres.2010.12.020
http://dx.doi.org/10.1145/3003421.3003423
http://dx.doi.org/10.3390/rs9070678
http://dx.doi.org/10.1016/j.marpol.2020.104200


Workshop on electronic technologies for fisheries - Part I: Transmitted positional data systems 

53 
 

• Shehaj E., Capuano V., Botteron C., Blunt P. & Farine P.-A. (2017). GPS Based  
Navigation Performance Analysis within and beyond the Space Service  
Volume for Different Transmitters’ Antenna Patterns. Aerospace, vol. 4, p. 44. 
http://dx.doi.org/10.3390/aerospace4030044 

• Shepperson J.L., Hintzen N.T., Szostek C.L., Bell E., Murray L.G., Kaiser M.J. & O'Neill F. 
(2018). A comparison of VMS and AIS data: the effect of data coverage and vessel 
position recording frequency on estimates of fishing footprints. ICES Journal of Marine 
Science, vol. 75, p. 988-998. http://dx.doi.org/10.1093/icesjms/fsx230 

• Snapir B., Waine T. & Biermann L. (2019). Maritime Vessel Classification to Monitor 
Fisheries with SAR: Demonstration in the North Sea. Remote Sensing, vol. 11, p. 353. 
http://dx.doi.org/10.3390/rs11030353 

• Stasolla M., Mallorqui J.J., Margarit G., Santamaria C. & Walker N. (2016). A Comparative 
Study of Operational Vessel Detectors for Maritime Surveillance Using Satellite-Borne 
Synthetic Aperture Radar. IEEE Journal of Selected Topics in Applied Earth Observations 
and Remote Sensing, vol. 9, p. 2687-2701. http://dx.doi.org/10.1109/jstars.2016.2551730 

• Taconet M., Kroodsma D. & Fernandes J.A. (2019). Global Atlas of AIS-based fishing 
activity - Challenges and opportunities. FAO, Rome.  

• Tolvanen H., Erkkilä-Välimäki A. & Nylén T. (2019). From silent knowledge to spatial 
information – Mapping blue growth scenarios for maritime spatial planning. Marine 
Policy, vol. 107, p. 103598. http://dx.doi.org/10.1016/j.marpol.2019.103598 

• Vermard Y., Rivot E., Mahévas S., Marchal P. & Gascuel D. (2010). Identifying 
 fishing trip behaviour and estimating fishing effort from VMS data using  
Bayesian Hidden Markov Models. Ecological Modelling, vol. 221, p. 1757-1769. 
http://dx.doi.org/10.1016/j.ecolmodel.2010.04.005 

• von der Dunk F.G. (2009). Europe and the 'Resolution Revolution': 'European' Legal 
Approaches to Privacy and Their Relevance for Space Remote Sensing Activities. Annals 
of Air and Space Law, vol. 34, p. 809-844.  

• Westfall K., Goldberg M., Jud S., Thomas J., Cusack C., Mahoney M., McGonigal H., 
Haukebo S., Diep K. & Dwyer M. (2020). Electronic Technologies and Data Policy for U.S. 
Fisheries: Key Topics, Barriers and Opportunities. In: (ed. Fund ED). Environmental 
Defense Fund, p. 31.  

• Witt M.J. & Godley B.J. (2007). A step towards seascape scale conservation: using vessel 
monitoring systems (VMS) to map fishing activity. PloS one, vol. 2, p. e1111. 
http://dx.doi.org/10.1371/journal.pone.0001111 

• Zhuang Y., Li L. & Chen H. (2020). Small Sample Set Inshore Ship Detection From VHR 
Optical Remote Sensing Images Based on Structured Sparse Representation. IEEE 
Journal of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 13, p. 
2145-2160. http://dx.doi.org/10.1109/jstars.2020.2987827 

http://dx.doi.org/10.3390/aerospace4030044
http://dx.doi.org/10.1093/icesjms/fsx230
http://dx.doi.org/10.3390/rs11030353
http://dx.doi.org/10.1109/jstars.2016.2551730
http://dx.doi.org/10.1016/j.marpol.2019.103598
http://dx.doi.org/10.1016/j.ecolmodel.2010.04.005
http://dx.doi.org/10.1371/journal.pone.0001111
http://dx.doi.org/10.1109/jstars.2020.2987827




 

 

 
  



 

 

 

  



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PE 652.254 
IP/B/PECH/2020-077 

Print  ISBN 978-92-846-8605-6| doi:10.2861/931874 | QA-06-21-114-EN-C 
PDF ISBN 978-92-846-8604-9| doi:10.2861/676908 | QA-06-21-114-EN-N 

This study is the first research paper in a series of three, prepared for a PECH 
Committee Workshop. It reviews the state of the art of transmitted positional 
data systems, high resolution and synthetic aperture radar (SAR) for satellite 
image data used in fisheries control and fisheries research. It identifies the 
strengths and weaknesses of such systems and provides policy 
recommendations for a more effective fisheries control system based on 
currently applied electronic technologies (ET). 
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