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Executive Summary 

Identifying e-navigation and Communication limitations, solutions and coping mechanisms is a key 

activity in ensuring that the SEDNA research project delivers impactful and meaningful research 

innovations. Understanding the fundamental components of maritime navigation and communication 

technology is critical to addressing the overarching SEDNA objectives to develop an innovative and 

integrated risk-based approach to safe Arctic navigation, ship design and operation, enabling 

European maritime interests to confidently fully embrace the Arctic’s significant and growing shipping 

opportunities, while safeguarding its natural environment. As shipping activity continues to 

experience growth across a multitude of sectoral components, so too will the risks and likelihood of 

accidents and incidents occurring within the Arctic increase. As a region which is well renowned for 

posing challenges in relation to transportation and human existence as a result of extreme climates 

and environmental conditions, the significance of having accurate and reliable navigation and 

communication equipment when operating within these regions cannot be overestimated. This 

research effort therefore sets out to address these challenges and the impacts they are having on 

global maritime transport and the necessary trade and transport links to the Arctic. 

More specifically, in contributing to the overall safe navigation paradigm, SEDNA WP3 is addressing 

the following key research innovation areas: 

1. T3.1 Arctic Weather and Sea Ice Forecasting 

2. T3.2 Safe Arctic Voyage Optimisation System 

3. T3.3 Safe Arctic Navigation Assistance 

D3.6 – “Arctic Navigation and Communications Solutions, Roadmaps and Mitigation Strategies” is a 

report based on key activities completed during T3.3 and more specifically ST3.3.2. The report 

provides an in-depth technical review of Arctic navigation and communication technologies commonly 

used throughout the sector, presenting technical, operational, and design characteristics. The review 

and analysis not only focuses on limitations and weaknesses within maritime technologies, but also 

identifies strengths and opportunities which can be leveraged and developed into suitable coping 

strategies which can address Arctic navigation and communication challenges.  

Finally, the report outlines how global macro-economic factors such as the exponential growth 

experienced within the commercial space technology sector are creating a multitude of opportunities 

which are likely to revolutionise the Arctic maritime safety communication paradigm.  
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1. Introduction 

This report has been completed to meet the requirements of D3.6 – Arctic Navigation and 

Communications Solutions, Roadmaps and mitigation strategies due in M24.  

The report has been designed to provide a technical overview of e-navigation and communication 

technology, while also presenting current and future developments taking place within this domain.  

1.1 Document Scope 

This report (D3.6) forms part of SEDNA work package 3, which encompasses Arctic Navigation and 

Communication technology, and falls under task 3.3 – Safe Arctic Navigation Assistance. The task 

objective is to contribute to the development of a safe navigation paradigm, by highlighting navigation 

and communication technology limitations, and presenting solutions and mitigation strategies which 

are either under development, or could assist in reducing the risks associated with Arctic navigation.  

The deliverable leads on from D3.5 within task 3.3 – Codified Arctic Knowledge Base, and will lead into 

D3.7 – SEDNA Arctic Bridge and Operations procedures manual. In the broad sense, this report 

provides a technical review of relevant maritime e-navigation and communication technology, while 

presenting technology solutions which can be applied today or are currently under development. The 

report also outlines what can be simulated during the SEDNA project. In terms of solution 

development, this was completed within the scope of highlighting future developments as any further 

expansion would not be possible within the financial scope and timeframe of these research efforts.  

1.1.1 Arctic Technology Review 

Deliverable 3.6 provides a technical review of maritime shipping e-navigation equipment and 

communication technology. The technical review initially focuses on e-navigation technology, 

providing an in-depth overview of GNSS (Global Navigation Satellite System) and its uses within the 

Arctic shipping domain. Factors which effect GNSS accuracy within the Arctic are discussed, presenting 

numerous technology, environmental and space disruption influences. Ground based GNSS 

infrastructure is discussed highlighting gaps within Arctic coverage, which finally leads into an 

overview of GNSS technology developments which are either currently or likely to provide solutions 

or coping mechanisms for GNSS use within the near future.  

Heading measurement considerations in relation to gyro, GNSS, and magnetic compasses are 

presented, providing a technical overview of these technologies and the causal factors which limit 

their effectiveness within the Arctic. GNSS compasses are discussed and the role in which they can 

play in relation to supporting gyro compasses and provide a necessary redundancy coping strategy. 

Hydrography in the context of the limited availability of accurate Arctic survey data is discussed, 
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highlighting how e-navigation equipment such as ECDIS (Electronic Chart Data Information System) 

are limited by the availability of accurate and up to date survey data. This section also highlights 

certain limitations and short comings in relation to terrestrial navigation methods and how applying 

virtual solutions to ECDIS could provide coping strategies for environmental challenges in relation to 

terrestrial navigation. 

1.1.2 Arctic Communication Review 

The communication technology review section provides an overview of arctic communication 

technology in use including radio telephony, digital radio systems, and satellite communications. An 

overview of the global maritime regulatory framework which governs maritime communication is 

presented – GMDSS (Global Maritime Distress and Safety Systems), while also highlighting challenges 

to effective maritime communication such as atmosphere, space based and design characteristics and 

disruptions. Maritime SAR (Search and Rescue) communication considerations are discussed, while 

also outlining maritime data users. Finally, communication technology developments which are likely 

to address limitations associated with Arctic communication are presented, outlining how smart, 

space based telecommunication developments are either currently, or will in the near future provide 

“game changing” advancements on a global scale, including the Arctic. 

1.1.3 Primary Research Efforts 

While the assigned efforts associated with this deliverable were that of desk based research, 

preliminary findings within the technical review highlighted a need to engage with industry 

stakeholders. As the outlined limitations focused mainly on theoretical and mechanical rationales for 

potential technology short comings, there was a need to engage with end-users currently operating 

within the Arctic maritime context in order to determine the extent of the proposed limitations. 

Additionally, this focus provided an opportunity to capture current coping and mitigation strategies 

used by end-users to ensure safety at sea. This report therefore goes beyond the desktop review brief 

and presents findings from a commercial tanker and coast guard vessel operating within the Northern 

Arctic.  

1.1.4 Research Analysis Section 

This section provides a combined and consolidated overview so as to provide the necessary analysis 

of the technical review and primary research findings. This section also makes use of the consolidation 

and analysis to outline the extent of the proposed limitations, while also presenting solutions and 

mitigation strategies were relevant. 
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1.1.5 Summarised Technology Solutions, Developments and Coping Strategies 

This section provides a tabular summary which outlines in road map form, current limitations under 

the necessary technology headings, the current situation and developments, and potential or were 

relevant upcoming future developments likely to address technology limitations. Finally, this section 

outlines technology developments and coping strategies which can be simulated throughout the 

remainder of the SEDNA project.  

1.2 Link to other SEDNA Efforts 

1.2.1 T2.3 – The Safe Arctic Bridge (AHO) 

In the broad sense, the technical review will provides e-navigation capabilities and limitations which 

can inform bridge design efforts. Additionally, the coping strategies highlighted within D3.6 provide 

potential AR design concepts which could further enhance the effectiveness of the safe arctic bridge 

design concept. 

1.2.2 T3.1 – Arctic Weather and Sea Ice Forecasting (MET) 

Arctic communication and capabilities are relevant for sea ice forecasting research efforts as 

communication platform limitations will dictate the type and quantity of data that maritime end-users 

can access within the Arctic. 

1.2.3 T3.1 – Safe Arctic Voyage Optimisation System (CHAL)  

Arctic e-navigation capabilities and indeed limitations will inform voyage planning tool developments 

as the effectiveness of any such support mechanisms will be dictated by the limitations associated 

with the data sources – in this case navigational, meteorological, sea ice, and maritime safety data.  

1.2.4 WP4 Integrated Safe Arctic Knowledge Base (UoS) 

Similar to T3.1, the accuracy of any data acquired during the development of a knowledge base will 

depend on the quality of data and the accuracy of the sensors used to gather it. Additionally, 

communication capabilities and limitations will directly influence the quality and quantity of data 

which can be captured and distributed from vessels within the Arctic. 

1.2.5 T5.1 SEDNA Impact Demonstration and Evaluation (BMT) 

The Arctic navigation coping strategies used by end-users and captured within this report provide 

scope to simulate and demonstrate their effectiveness within a maritime simulation environment.  
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2. Arctic Navigation Technology Review 

2.1 Arctic GNSS 

Navigation integrity and accuracy within the Arctic is one of the critical support mechanisms employed 

for ensuring that safe and effective maritime transport can be maintained, with GNSS applications 

playing a major role in achieving such safe and effective transport. The purpose of GNSS is to make 

use of satellite constellations, in conjunction with SBAS (Satellite-based Augmentation System) and 

earth receivers, to provide positional information with extreme accuracy and precision.   The primary 

navigation data outputs associated with these systems are positional, navigation, and timing 

information. The accuracy of the three data outputs are reliant on precision timing from GNSS atomic 

clocks. As a result of this reliance, the GNSS data outputs are intertwined as they are in derived and 

determined using the same source data, but simply utilised in a different manner in order to present 

the information required at the time by the end-user. As a result of this “intertwinement”, any lack of 

accuracy or integrity in data output will result in inaccuracy in all available data.  

At present, there are three primary global service providers for GNSS, two of which are state owned 

and military controlled, and one civilian controlled service provider operated by the European 

Commission1, as follows: 

1. GPS (Global Positioning System) operated by the U.S.  

2. Russian system GLONASS.  

3. Galileo – Civilian controlled service operated by the European Commission 

2.1.1 GPS Overview 

GPS is a system which provides 3D positioning, velocity and timing services which are derived from 

space based satellite units. Services are provided on a global level with no cost to end-users, with the 

US government committing to providing a six-year notice period should they wish to terminate the 

service.  

In terms of the system itself, GPS is comprised of two key components; 1.) The space segment; 2.) The 

control segment. The space segment comprises of a constellation of 31 medium earth orbit satellites, 

which operate at an altitude of 20,220 km, and orbit the earth twice daily. Of these 31 satellites, there 

are 27 geometrically determined space slots, in which the system will place at least one satellite unit. 

Each satellite completes a number of transmissions between the unit and the control segment, which 

consist of a number of highly complex data signals that provide information such as timing, ranging 

                                                           
1 See Annex 4 IMO 915(22) Revised maritime policy and requirements for a future GNSS 



SEDNA D3.6 

14 

 

and positional information (Figure 1 refers)2.  The satellite units themselves are designed to provide a 

user lifespan of up to 11 years, with little or no need for interaction between the units and ground 

stations. Any such interaction consists of navigation data message uploads, which are designed to 

cause minimal service interruption.  

 

Figure 1 Satellite to ground station interaction (DOD, 2008) 

The GPS control segment consists of four primary subsystems as follows: 

1. Master control station 

2. Backup master control station 

3. Ground antenna stations 

4. Ground placed monitoring stations 

                                                           
2 Department of Defense (2008) Global Positioning System Standard Positioning Service Performance Standard 
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Figure 2 GPS Ground Segments (DOD, 2008) 

While the system provides a significant level accuracy at a global scale, the horizontal positional 

accuracy of 100m provided by the satellite based units does not meet the accuracy requirements set 

by the IMO (International Maritime Organisation) (tables 1 and 2 refer) resulting in a requirement for 

differential or augmentation applications3. 

2.1.2 GLONASS Overview 

GLONASS, a system controlled and operated by the Russian Space Agency, offers a similar service to 

that of GPS, providing 3D positional, velocity, and timing systems to a multitude of end-users including 

maritime, aviation, space and ground users. Similarly to GPS, the service is free to end-users and 

provides significant accuracy at a global scale. GLONASS is comprised of the four following primary 

components4 (figure 3 refers): 

1. GLONASS Satellite constellations 

2. The ground control segment 

3. Rock-space complex 

4. GLONASS end-users 

                                                           
3 See Annex 4, para 1.1.4 IMO 915(22) Revised maritime policy and requirements for a future GNSS 
4 See Annual Precise Time and Time Interval Meeting Report 
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Figure 3 GLONASS System Overview (Credit: PTTI) 

The GLONASS constellation consists of 24 satellite units deployed at an altitude of 19,100km, at an 

inclination of circa 65°. As outlined in figure 4, GLONASS orbital planes are positioned 120° of longitude 

apart, with 8 satellites located in each plane which are spaced 45° apart. This orbital configuration has 

been deemed to provide the best possible global coverage making use of the satellite units available 

to the system, providing earth surface, air space, and spatial location data.  

 

 

Figure 4 GLONASS Satellite Constellation Orbital Planes (Credit: smallsats.org) 

The GLONASS ground control segment provides the necessary satellite control in order to maintain 

satellite orbital planes. The ground segment is managed from a number of control sites positioned 

throughout Russian territory, and provide orbital plane monitoring, adjustment and information 

management.  
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The rocket-space segment provides the launch vehicles necessary to deploy satellite units, while the 

GLONASS end-users consist of the various parties that make use of this free global positioning and 

timing service. Specific to maritime uses, while the positional accuracy specifications and indeed 

services provided by GLONASS do meet some of the IMO accuracy requirements of 45m in open 

waters, the increased accuracy required to operate within harbours and approaches results in this 

system being reliant on differential and augmentation services similar to those required by GPS5.  

2.1.3 Galileo Overview 

The European Union have developed and launched the Galileo system, which is the first global civilian 

controlled GNSS which provides a significant level of accuracy for end-users. Similar to GPS and 

GLONASS, the system provides 3D positional, velocity and timing data, however there is no military 

controls or interventions applied to the system. Galileo is comprised of three primary segments; 1). 

Space; 2). Ground; 3). Users. The space segment consists of a thirty medium earth orbit satellite 

constellation, which includes 6 spare units for system redundancy6 (figure 5 refers). The ground 

segment consists of two control centres which are situated in Germany and Italy providing mission 

control applications.  

 

Figure 5 Galileo Satellite Constellations (Credit: ESA) 

These applications are multifaceted in nature providing services such as satellite positioning functions, 

navigation and timing components, and various data signal transmissions and uplinks. The primary 

core infrastructures consist of the following:7 

 The European GNSS Service Centre 

                                                           
5 See Annex 4, para 2.2.3 IMO 915(22) Revised maritime policy and requirements for a future GNSS 
6 European GNSS Service Centre https://www.gsc-europa.eu/galileo-gsc-overview/system  
7 Galileo Infrastructure: European GNSS Service Centre https://www.gsc-europa.eu/galileo-gsc-
overview/system 

https://www.gsc-europa.eu/galileo-gsc-overview/system
https://www.gsc-europa.eu/galileo-gsc-overview/system
https://www.gsc-europa.eu/galileo-gsc-overview/system
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 The Geodetic Reference Service Provider 

 The Time Service Provider 

 The Galileo Security Monitoring Centre 

 Search and Rescue | Galileo Data Service Provider 

 The Galileo Reference Centre 

Finally, the user segment of the Galileo system consists of the various devices and receivers designed 

to provide end-users with positional, velocity and timing information. This data has a broad range of 

applications depending on the context/industry, with evidence of maritime applications across the 

broad spectrum of recognised uses.  

2.1.4 Future GNSS Constellation Developments 

Additional GNSS developments are taking place with nations such as China currently developing the 

BeiDou GNSS service provider which has a planned 2020 launch. It is proposed that this system will be 

able to provide similar services to those provided by the current global mainstream GNSS providers 

including positioning, navigation and timing services. In terms of segments, this service will comprise 

of similar space and earth based components, making use of 5 geo stationary satellites and 30 non-

geo stationary, with 27 of these units being placed in medium earth orbital planes, and 3 inclined in 

geostationary orbit. In terms of the proposed services, the BeiDou system will provide a similar free 

global service for end-users with a suggested accuracy of up to 10 metres, and licenced services 

offering differential positional accuracy of up to 1 metre for Chinese government and military end-

users8. To date, a total of 45 satellite units have been launched, with 8 satellites having been 

decommissioned, 8 currently within the testing phase, and 29 which are fully operational. At present, 

it is estimated that the BeiDou GNSS service will be fully integrated into the global e-navigation system 

by 2020910. 

2.2 Rationales for Reliance on GNSS 

In terms of maritime navigation, research suggests that GNSS are used extensively throughout the 

Arctic as the primary means of navigation. Such reliance on celestial means of navigation are prevalent 

as a result of the numerous challenges associated with terrestrial navigational means (SEDNA D3.5 

refers)11. The significant variations and changes in characteristics which occur in coastal regions pose 

a number of challenges when attempting to navigate with mainstream industry navigational radars. 

The presence of ice within these regions can in some instances result in radar imagery being 

                                                           
8 See Para 3.2.4 IALA World Wide Radio Navigation Plan, 2nd Ed., 2012 
9 See para 3.2 Limitations of Current GNSS in the Polar Regions – EU Polar Net D3.6 
10 See Para 3.2.4 IALA World Wide Radio Navigation Plan, 2nd Ed., 2012 
11 See para 3.2.2 Polar Navigation SEDNA D3.5 Codified Arctic Knowledge 



SEDNA D3.6 

19 

 

completely unreliable as detection within a two dimensional plain cause’s ice and land to be 

indistinguishable by end-users when attempting to make radar observations. Such limitations create 

challenges when attempting to determine positional information when making use of radar fixing 

techniques, or indeed parallel indexing methods used to determine a vessel’s track relative to pre-

planned course lines which are plotted as part of passage planning preparation, execution, and 

monitoring. Furthermore, when attempting to navigate using terrestrial means such as visual fixing 

methods or observations, similar to navigating with radars, variations which can occur as a result of 

the presence of snow and ice result in accurate visual detection being challenging. Such challenges are 

associated with all methods of visual navigation which include charts, fixed points such as lighthouses 

and beacons, or floating objects which include IALA buoys. As a result of such reliance not only within 

the maritime context, but also mainstream shipping, the IMO have strict precision accuracy 

performance requirements, with IMO guidance documents outlining specific performance and 

precision requirements based on the type of waters in which a vessel is operating within as outlined 

in table 1. 

 

 Horizontal 

Alert Limit 

Time to 

alarm 

Continuity per 3 

hours 

Integrity risk 

per 3 hours 

Ocean 

Coastal 

 

25 10 N/A 10-5 

Ice Navigation 

 

10 – 12 10 99.97% 10-5 

Hydrography 

 

2.5 10 99.97% 10-5 

Ports 

Exploration/Drilling 

2.5 10 99.97% 10-5 

Table 1 Reid et al., (2015) Adapted from IMO12 

                                                           
12 See Annex 2 IMO 915(22) Revised maritime policy and requirements for a future GNSS 
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Table 2 IMO Minimum Maritime User Positional Requirements13 

Given the increased horizontal accuracy specified by the IMO in relation to ice navigation 

requirements, the need for accurate GNSS within the Arctic cannot be underestimated.  

2.3 GNSS Uses within the Arctic 

As a result of the outlined proposed inaccuracies associated with terrestrial navigation, the maritime 

transport industry makes use of GNSS as the primary means of navigation within these regions. Such 

reliance is suggested to be prevalent as a result of the fact that these systems are not limited or 

influenced by the presence of Ice or snow on the earth’s surface. However, regardless of the system 

not experiencing short comings associated with terrestrial navigation, there are a number of GNSS 

specific limitations present when operating within the Arctic. From and end-user perspective, a review 

of navigation publications and field trip observations completed as part of SEDNA deliverable 3.5 

suggest that GNSS data acquired by receivers at latitudes of 70° - 75° and above, should be treated 

somewhat with caution. Additionally, as outlined in figure 6, research presented by Kvamstad et al. 

(2014) suggests that horizontal distribution of GNSS satellites at latitudes of up to 75° is achievable, 

when combining GPS and GLONASS coverage, however such coverage diminishes the further north an 

observer proceeds.  

Conversely however, research findings from the EU Polar Network which focussed specifically on 

reviewing GNSS limitations within polar regions supports the proposal that while accuracy limitations 

are present within Arctic regions, that there is very little evidence to support that these limitations 

pose significant challenges for operational and scientific stakeholders14. The report highlights specific 

GNSS geographical coverage limitations in relation to systems such as SBAS, WAAS (Wide Area 

Augmentation System) and EGNOS (European Geostationary Navigation Overlay Service), highlighting 

that these networks pose a number of geographical infrastructure challenges due to the harsh 

                                                           
13 See Annex 3 IMO 915(22) Revised maritime policy and requirements for a future GNSS 
14 See para 3.2 Limitations of Current GNSS in the Polar Regions – EU Polar Net D3.6 
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conditions associated within the Arctic and the difficulties associated with developing infrastructure. 

These challenges are of particular relevance to technical infrastructure associated with precision 

navigation, safety and security. Although extreme macro factors such as climate change are making 

areas within the Arctic more accessible1516, the challenges posed by the extreme environments in 

terms of developing infrastructure are not likely to dissipate any time soon suggesting that the 

solutions for such limitations may be found in smart space technology innovations.  

 

 

Figure 6 Combined GPS and GLONASS signals at 75°N 

In terms of specific limitations and causal factors, while vertical distribution is somewhat effective up 

to 75° N, a number of additional factors influence and impede GNSS effectiveness at these latitudes 

which transcend the level of coverage provided. In broad terms, such limitations are suggested to be 

present as a result of the following influences: 

 Interferences in radio signal propagation 

o Ionospheric influences (Scintillation) 

o Solar Activity  

 Inaccuracies in vertical positional determination 

 Limitations in GNSS augmentation systems which are designed to increase GNSS accuracy such 

as WASS and SBAS 

                                                           
15 Panikkar et al., (2018) Ice over troubled waters: navigating 
the Northwest Passage using Inuit knowledge and scientific information, Climate Research, 75, 81-94 
16 Landriault, M. (2018) Opening a new ocean: Arctic Ocean fisheries regime as a (potential) turning point for 
Canada’s Arctic policy, International Journal, 73, (1), 158-165.  
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2.4 GNSS Signal Disruption Sources 

2.4.1 Ionosphere influences (Scintillation) 

GNSS signal data is transmitted from geostationary satellites to earth based receivers, passing through 

the Earth’s ionosphere in the process. A phenomena known as ionospheric scintillation, which is the 

fluctuation of radio signal frequency phase as the signal enters and transits the ionosphere. As the 

radio frequency passes through areas in which minor electron density errors exist, this results in 

refractive index fluctuations, resulting in the interference of numerous scattered signals. Signal 

scattering results in a number of GNSS signal delays the magnitude of which are dependent on factors 

such as the GNSS signal frequency, seasonal conditions, geographical positions, solar anomalies, 

geomagnetic activity, and the time of day. The effects of this phenomena are greatest within the 

following geographical regions17 18: 

 Auroral to Polar Latitudes (65° – 90°) 

 Equatorial Bands (20° N – 20° S) 

While this is not a polar or Arctic specific phenomena, the causal factors and the extent of signal 

interference vary greatly between the higher and equatorial latitudes. The equatorial latitudes for 

example are far less susceptible to solar anomalies or geomagnetic activity, simply as a result of their 

geographical distance from the magnetic poles. As result of this, the interference within these regions 

is far more predictable, providing opportunities for GNSS operators to manage this interference with 

greater effect. Within mainstream GNSS usage at mid latitudes, a combination of ionospheric 

algorithmic model corrections and GNSS signals from a multitude of sources are applied in order to 

address resultant errors which can range from 1 – 15 metres. While such methods are effective when 

applied during routine ionospheric conditions, external factors such as the space weather events or 

geomagnetic activity which are predominantly experienced at auroral and Polar latitudes add further 

unpredictable factors which can significantly reduce the effectiveness of such technical interventions, 

as earth based receivers are unable to accurately quantify positional information based on satellites 

overhead. Within these latitudes, the permanent presence of large scale plasma structures are a major 

causal factor of scintillation occurrences, the effects of which can be further amplified by geomagnetic 

storms, even during periods of reduced solar activity19. The permanent presence of the outlined 

plasma structures occurs as a result of interaction between the magnetic influences caused by the 

                                                           
17 Liu et al., (2016) Worst case GPS scintillations on the ground estimated from radio occultation observations 
of FORMOSAT-3/COSMIC during 2007-2014, Survey Geophysics, 37, 791-809 
18 Basu et al., (2002) Specification and forecasting of scintillations in communication/navigation links: current 
status and future plans, Solar Thermo Physics, 64, 1745-1754 
19 Ngwira et al., (2010) GPS phase scintillation observed over high-latitude Antartic stations during solar 
minimum, Solar Thermo Physics, 72, 718-725 



SEDNA D3.6 

23 

 

interplanetary magnetic field and the magnetosphere. The presence of these large scale atmospheric 

polar plasma structures cause convection throughout Polar latitudes, resulting in plasma 

destabilisation, and subsequent irregular conditions which cause scintillation. Additionally, factors 

such as magnetic local time and geomagnetic latitudes are factors which should be considered when 

considering areas in which scintillation is likely to be prominent. Studies completed in the context of 

climate research have demonstrated that interplanetary magnetic field orientation will determine the 

geographical position of areas in which a prevalence of phase scintillation will occur relative to the 

magnetosphere, a position which is quantified in geomagnetic latitude. In terms of timing, this 

research also highlights the important role that magnetic local times play in determining and 

quantifying scintillation, as the formation and distribution of plasma structures throughout the 

atmosphere which play a major role in causing GNSS interferences, are determined using magnetic 

local time noon and midnight estimates.  

2.4.2 Atmospheric influences 

While not necessarily an Arctic specific challenge/consideration, the earth’s atmosphere continues to 

influence the effectiveness of GNSS coverage. As outlined in figure 7, the earth’s atmosphere is 

comprised of a number of layers which include the troposphere, stratosphere and the ionosphere. 

While the stratosphere is a relatively atmospherically stable region with little or no variances in a 

temperature, the troposphere experiences extensive atmospheric instability as the majority of 

weather phenomena occur within this layer.  

 

Figure 7 Earth Atmospheric Layers (Credit: UCAR) 

Furthermore, this layer experiences significant temperature decreases with altitude, while also 

experiencing cloud formations and turbulent air flows due to temperature, density and atmospheric 

pressure variances. It is these unstable atmospheric characteristics that result in the troposphere 

having a significant impact on radio wave propagation. They result in signal attenuation within the 
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troposphere which is caused by precipitation and has a direct influence on the received signal strength 

when receiving any form of radio signals. While signal disruptions will vary depending on the 

frequencies in use, research suggests that factors such as levels of precipitation, the presence of 

atmospheric gases, and adverse weather conditions/unstable atmospheric conditions will be the 

primary determining factor when attempting to receive transmitted radio signals. Although these 

influences are not Arctic specific per se, the weather conditions associated with the Arctic which 

include increased levels of precipitation, changeable weather and consistent unstable atmospheric 

conditions would suggest that such tropospheric interferences are likely to be more pronounced 

within the Arctic. 

Although discussed in the context of the ionosphere, refraction will also play a role in disrupting radio 

signals within the troposphere. As the temperatures gradually decrease with altitude within this layer 

to extremes of - 50° C, radio waves can experience significant changes in propagation velocity which 

can result in directional changes within the waves. The refractive index within in these regions is 

influenced by factors such as atmospheric pressure, the presence of water vapours and the extent and 

extremity of temperature decreases. As atmospheric pressure variations will eventually return to 

equilibrium, their refractive influences are generally short lived. As a result of these short term 

characteristics, it is the presence of water vapour and variances in temperatures that will ultimately 

have the greatest influences on radio wave propagation.  Such factors result in anomalies known as 

tropospheric ducting, which occur during temperature inversions, or extreme decreases in water 

vapour levels with height. These ducts result in increased radio signal reflection within the 

troposphere, causing the signal to travel on a trajectory which is much greater than that usually 

experienced. Within these extreme tropospheric conditions, the resultant factors can be anomalous 

radio wave propagation. Tropospheric ducts can be experienced within a wide range of heights, 

occurring at any point from ground to upper tropospheric elevations, with antenna heights playing a 

role in influencing the effectiveness in which signals will be received, with reduced duct angles of 

incidence of <1° being essential.  

Although tropospheric considerations are not necessarily Arctic specific challenges, the extreme 

climatic influences and weather phenomena present within these regions are likely to play a major 

role in GNSS signal transmission and receiving characteristics. As a region that experiences extreme 

weather conditions, not only in terms of conditions, but also in relation to the rapid changeable 

nature, tropospheric interferences are likely to be amplified within these regions.  

2.4.3 Solar Activity  

Additionally, radio signal propagation interference as a result of reduced solar radiation deflection has 

been widely supported within research fields. GNSS receivers have been suggested to be particularly 
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susceptible to such interference, with sources suggesting a direct correlation between GNSS service 

interruption and solar radiation anomalies.  While these anomalies have been widely cited within the 

mid latitudes, they do not occur at a frequency which is likely to cause prolonged interruptions as 

generic solar radiation which comes into contact with earth’s atmosphere on a daily basis is deflected 

towards the poles as a result of the earth’s magnetic field. As a result of these deflective 

considerations, the same deflection of solar radiation is not experienced at polar latitudes due to 

magnetic flux emanating from points on the earth in close proximity to the magnetic poles. Such 

anomalies result in increased interaction with ionospheric gases, which can limit radio signal 

propagation. Research completed by Sreeja (2016) lends further support to this proposal, citing a 

broad range of research findings which present a variety of quantitative data that demonstrates direct 

correlation between space weather events and GNSS signal reduction. Such reduction is quantified by 

presenting the observed decreases in the number of satellites tracked during solar events. It is 

outlined that in order to achieve optimum GNSS coverage and accuracy, anywhere between 10 – 18 

GNSS satellites will be tracked by earth receivers, which will generally consist of a combination of both 

GPS and GLONASS units. Sreeja (2016) present findings from 18 separate locations in which reductions 

of up to 50% – 60% of GNSS coverage was experienced, posing a number of challenges in terms of 

positional accuracy and signal integrity. It was determined that precise point positioning capabilities 

were diminished, as a result of timing discrepancies which resulted in horizontal positioning errors. 

Additional research completed by the Nordic Institute of Navigation lends further support to this 

proposal, while also highlighting error ranges of 5 – 15 metres by day, and 1 – 3 metres by night20. 

With research suggesting that space weather events are of significant relevance within Arctic, 

particularly auroral areas, the ionospheric scintillation phenomena has the potential to significantly 

affect GNSS usage within the Arctic. 

In terms of vertical positional determination, the positions of the geostationary satellites associated 

with GPS and GLONASS, significantly restrict their visibility at the altitudes in which they are positioned 

within Polar Regions. Satellite units associated with GNSS services are positioned and operate on a 

number of varying inclination angles and altitudes, resulting in differing levels of coverage within these 

regions. For example, GPS satellites operate at an angle of 53°, while GLONASS satellite units are 

positioned at an angle of 65°. Galileo, the latest constellation which is operated by Europe, positions 

its satellite  

 

                                                           
20 Nordic Institute of Navigation Report on Challenges for positioning and Arctic Navigation 
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Figure 8 GNSS Orbital Planes (Kvamstad et al., 2014) 

Units on an orbital plane inclination angle of 56° (figure 8 refers) relative to the equator2122. As the 

polar latitudes are a greater angular distance north and south of the equator, the majority of these 

satellites are not visible within these regions.  While GNSS geometry will facilitate accurate horizontal 

positional fixing, such applications do not address vertical positional accuracy limitations. Gao et al. 

(2012) presents findings (figure 9 refers) which highlight the increased VDOP (Vertical Dilution of 

Precision) ranges experienced within the Arctic when compared to an area within the mid latitudes 

which is in optimum GNSS coverage and satellite visibility. The low elevation viewing angles result in 

reduced angles of cut between vertical position lines, a limitation associated with inaccuracies within 

positional fixing. Additionally, these low elevation angles limit the opportunities for satellite units to 

reach orbital zeniths, which further impede their ability to provide vertical positional accuracy23. 

Furthermore, the proposed lower observation angles also result in signals which are far more 

susceptible to ionospheric interference.  

 

                                                           
21 Gao et al., (2012) Breaking the Ice: Navigation in the Arctic, Stanford University, Unpublished 
22 Kvamstad et al., (2014) The MARENOR Project – Maritime Radio System Performances in the High North 
23 Kvamstad et al., (2014) The MARENOR Project – Maritime Radio System Performances in the High North 
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Figure 9 VDOP Comparison between Arctic and Mid Latitudes (Gao et al., 2012) 

2.5 GNSS Augmentation 

As outlined within para 2.1 2425 the horizontal positional accuracy provided by GNSS services such as 

GPS and GLONASS, are below the minimum regulatory standards set by the IMO and as such, 

correctional data must therefore be applied in order to address this shortfall in accuracy. The purpose 

of augmentation system applications are to address these shortfalls, by utilising earth based reference 

systems which consist of a global network of land based ranging and integrity monitoring stations 

(Figure 10 refers). This network allows GNSS systems to quickly compare positional information of pre-

determined fixed positions in relation to those derived using GNSS. If errors in positional information 

are detected, the necessary corrections are applied, providing end-users with corrected positional 

information which is transmitted via a ‘bent pipe’ communications link. Furthermore, SBAS improves 

and increases the accuracy and reliability of GNSS information by adjusting signal measurement 

errors, while also providing end-users with data accuracy indications, specifically in relation to 

continuity and availability of signals. As outlined in figures 10 and 11, the SBAS global network is 

predominantly positioned and focused on mid-level latitude coverages (below 70 N and S), with very 

little focus being placed on the Arctic latitudes. At present, single frequency GPS with SBAS corrections 

is available in North-America, Europe, Japan and India, with additional systems coming online in future 

to address mid-latitude regions. Within the Arctic regions, augmentation systems will require land 

based infrastructure in order to provide the necessary integrity.  While figure 10 outlines the presence 

of SBAS infrastructure within higher latitudes, particularly within Russia, Northern Europe and Alaska, 

further research suggests that a significant lack of monitoring infrastructure exists within the Arctic, 

with limited GNSS monitoring stations, permanently powered monitoring units and limited real-time 

communications contributing to these limitations. Additionally, the limited visibility of geostationary 

satellites cited in the context of vertical positioning determination also creates challenges for 

augmentation technology. Reid et al. (2015) lend support to this proposal, highlighting not only a 

current lack of infrastructure as a causal factor, but also that current augmentation services are 

unreliable at circa 72°N. Furthermore, a lack of IALA differential infrastructure within these regions 

further limits the capacity to provide a reliable GNSS service within the Arctic26. As a result of the 

limited integrity monitoring station coverage and poor visibility of geostationary satellites, the 

development of SBAS navigation services within the Arctic is extremely limited within its current state. 

                                                           
24 GPS 100m horizontal positional accuracy - See Annex 4, para 1.1.4 IMO 915(22) Revised maritime policy and 
requirements for a future GNSS 
25 GLONASS 45m horizontal positional accuracy - See Annex 4, para 2.2.3 IMO 915(22) Revised maritime policy 
and requirements for a future GNSS 
26 Nordic Institute of Navigation Report on Challenges for positioning and Arctic Navigation 
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Furthermore, the harsh and challenging environments associated with the Arctic pose a number of 

challenges for further developments within the Arctic, particularly in relation to the development and 

maintenance of ground-based infrastructure.  

 

Figure 10 Current and Future SBAS Global Infrastructure (Adapted from Gao, 2012) 

 

Figure 11 Global SBAS Network (Adapted from EU Polar-Net 2018) 

 

2.6 Vessel Movement 

Vessel movement and manoeuvring characteristics will play a role in ensuring effective GNSS signal 

receiving. In order to ensure that GNSS services are available to sea going vessels, stabilised antenna 

platforms are fitted in order to ensure that satellite antennas are continuously aligned while a vessel 

is underway or manoeuvring, while also ensuring that they are maintained in the appropriate upright 

position as a vessel pitches and rolls within sea and swell conditions. While making use of gimballed 

mechanisms to facilitate multi-directional movement, these systems will also have gyroscopic input in 

order to assist with directional orientation. Although gyroscopic compasses are addressed in para 2.9, 
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proposed limitations at higher latitudes associated with these navigational aids will no doubt influence 

a system’s ability to orientate itself in order to maintain uninterrupted GNSS coverage. 

Although not an Arctic specific challenge per se, the extreme weather conditions and their effect and 

influences on sea states will also influence a system’s ability to maintain a GNSS lock. With technical 

research specifications suggesting that stabilised units require nominal angles of 5°, such an angle can 

be difficult to maintain during adverse weather and sea conditions. As such conditions are generally 

amplified in latitudes great than 70°N as a result of extreme pitch, roll and yaw movements, GNSS 

signal loss as result of a vessel’s volatile and unpredictable movements is yet another challenge 

associated with this technology. 

2.7 GNSS Developments 

2.7.1 EU Galileo Modernisation Programme 

Globally, a number of developments are underway to improve GNSS performance which will have 

both mid and Arctic latitude accuracy effects. From a policy perspective, the EC are currently 

developing upgrade plans for the Galileo system despite its recent activation. In the broad sense, these 

plans include maintaining open dialogues with EU member states, including those positioned within 

Arctic latitudes in order to ensure that stakeholder perspectives include such Arctic specific 

challenges.  

In terms of GNSS constellation developments, the Galileo modernisation programme include the 

design and development of an advanced receiver autonomous integrity monitoring system, 

specifically for improving navigation accuracy and safety of life at sea within Arctic. It is anticipated 

that this technology will significantly reduce the reliance that GNSS has on augmentation services to 

provide the necessary improved accuracy, thus negating the need to develop such infrastructure 

within the Arctic latitudes. These autonomous systems make use of readily available GNSS signal 

redundancy in order to analysis and cross check the relative consistency of GNSS signals. The systems 

also make use of algorithmic applications to detect, isolate, and remove GNSS signal errors. These 

applications will improve both horizontal and vertical integrity of GNSS signals, and are applicable in 

both Arctic and Antarctic regions27. The Galileo Ionospheric Prediction service28 developments 

completed by the EC suggest research innovations are addressing this global GNSS coverage challenge. 

This service is a fully automated system comprising of ionospheric sensors, data processors and a web 

                                                           
27 EU Polar-Net D3.6 Gap Analysis highlighting the technical and operational requirements of the European 
Polar Research Programme for satellite applications 
28 European GNSS Agency: European Geostationary Navigation Overlay Service: 
https://www.gsa.europa.eu/egnos/what-egnos  

https://www.gsa.europa.eu/egnos/what-egnos
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based facility for user interface. The system provides a wide range of GNSS coverage and signal 

integrity data for end-users under the four following themes: 

1. Ionosphere: 

a. Scintillation prediction and mapping tools for end-users 

b. Total electron content 

2. Solar Physics: 

a. Automated detection of regions with increased solar activity and flare prediction 

evaluation. 

b. A now casting and forecasting of flares and coronal mass ejections 

c. Solar energetic particle and galactic cosmic ray measurements.  

3. GNSS Performance: 

a. Prediction of GNSS tracking errors or signal locks 

b. Expected GNSS positional errors 

c. Travelling ionospheric disturbances detection 

4. GNSS performance at application level: 

a. GNSS performance prediction at specific reference stations 

b. GNSS performance prediction at a global scale 

2.7.2 Geographically Localised GNSS Services 

While GNSS developments have focused primarily on global service providing, examples of more 

localised satellite based positioning systems are emerging. For example, the Japanese government are 

developing a Quasi-Zenith Satellite System designed to provide continuous positional, navigation and 

timing services for Japanese end-users via a service which will be developed and maintained by the 

Japanese government. The system itself will consist of a much smaller constellation than those 

typically associated with mainstream GNSS services, making use of 3 satellites placed in eccentric and 

extremely inclined orbital planes so as to provide constant coverage throughout Japan. In terms of 

accuracy, it is anticipated that this system when incorporated into ground augmentation services will 

be able to provide extreme signal integrity and positional accuracy of less than 1 metre29. Additionally, 

examples of similar developments are taking place in India, with the planned launching of the Indian 

Regional Navigational Satellite System. Similar to the Japanese service, this system will be designed to 

provide continuous GNSS coverage throughout the Indian region from a source independent of 

mainstream global GNSS services. The constellation for this system is also planned to consist of a much 

smaller quantity of satellite units, 3 geo stationary and 4 geosynchronous orbital units placed in low 

                                                           
29 See Para 3.2.5 IALA World Wide Radio Navigation Plan, 2nd Ed., 2012 
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level inclined orbital planes so as to provide continuous coverage throughout India. This service will 

also provide autonomous ionosphere detection, broadcast, and correctional data for GNSS receivers30. 

The advent of localised GNSS regional services designed to provide continuous coverage throughout 

a specific geographical region, suggests a shift in focus and indeed technology developments to 

services which target specific areas while providing independence from mainstream GNSS sources. 

Such localised services which could include autonomous ionosphere correctional data could provide 

local solutions for nations which have a presence within the Arctic regions.  

2.7.3 Multi-Constellation GNSS Receivers 

The continued development of multi-constellation receivers will further contribute towards the 

improvement of horizontal and vertical accuracy. As outlined in figure 10, as a result of variances in 

GNSS signal coverage within Arctic latitudes, certain constellations will have better coverage than 

others depending on a number of geographical factors. Due to these variances, single constellation 

receivers will struggle to attain and maintain receiving GNSS signals while resulting in reduced signal 

integrity and accuracy. The application of dual-frequency and multi-constellation technology would 

therefore significantly reduce the impacts of the aforementioned signal variances between 

constellations at Arctic latitudes.  

2.7.4 Pseudolite GNSS Applications 

Developments in relation to pseudolite satellite systems could potentially offer solutions to providing 

a source of additional GNSS coverage within the Arctic. This system is based on the concept of making 

use of virtual based satellites in order to provide positional, navigation and timing data. GNSS data is 

provided by transmitting ground based signals to virtual satellites which can broadcast GNSS data to 

GNSS receivers. In terms of coverage, the scope of this technology is very much local – providing GNSS 

coverage and signal integrity for areas ranging from a square kilometre, to 100 square kilometres 

depending on environmental conditions and the quality of the broadcast system in use. Although the 

system is generally associated with providing poor VDOP accuracy as 3D positioning – specifically 

within the vertical axis becomes impossible31, such a limitation would not necessarily be a major 

impediment on maritime sea based navigation where horizontal or ground based accuracy is critical 

for safe navigation. While this technology has been used primarily in the context of testing GNSS signal 

integrity and accuracy, and not in the context of precision navigation, the lack of reliance in satellite 

constellations would mean that such a system would not be influenced by ionosphere interferences 

                                                           
30 See Para 3.2.6 IALA World Wide Radio Navigation Plan, 2nd Ed., 2012 
31 Chao et al., (2019) Time synchronization requirement of global navigation satellite system augmentation 
system based on pseudolite, Measurement and Control, 52, (3-4), 303-313.  
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associated with reduced GNSS signal integrity/coverage3233. Additionally, recent developments which 

have focused on combining pseudolite satellite systems with mainstream space based GNSS 

constellations and ground based augmentation services provide some promise in terms of potentially 

providing increased positional accuracy. Although this research was not completed in the context of 

Arctic navigation, (Chao et al. 2019; Gioia and Borio 2015) present findings which highlight an 

increased level signal integrity and accuracy in GNSS data with the inclusion of pseudolite satellite 

signals. Given the challenges cited within this report and throughout vast Arctic specific research 

sources in relation to infrastructure development within the Arctic, the incorporation of such signals 

which do not require the same level of infrastructure development, offer considerable promise as a 

potential solution for improved GNSS coverage and accuracy within the Arctic.  

2.7.5 GNSS Augmentation Data Transmission 

Space based low earth orbit systems are being tested with a view of transmitting augmented 

correctional data via satellite communication links. An example of such systems includes the Iridium 

constellation – a satellite communication system which provides global satellite phone and data 

coverage, including the Arctic regions. The constellation itself consists of 66 low earth orbit satellites 

which are positioned in polar orbits (figure 12 refers) 

 

 

Figure 12 Iridium Constellation Polar Orbits (Reid et al., 2015) 

As a system which is well renowned for being the most effective means of communication within the 

Arctic, the data transmission applications of this system could be utilised to transmit augmentation 

correctional data to vessels operating within Arctic latitudes. The system itself has also been subject 

to real world validation specifically for the purpose of augmentation and differential applications 

                                                           
32 See Para 3.3.2.2 IALA World Wide Radio Navigation Plan, 2nd Ed., 2012 
33 Gioia and Borio (2015) Stand-Alone and Hybrid Positioning Using Asynchronous Pseudolites, Sensors, 15, 
166-193. 



SEDNA D3.6 

33 

 

within the Marenor project34. Within this research, efforts were made to transmit such data via 

satellite internet connections to receivers positioned at latitudes of approximately 73 N throughout a 

three-week period. As outlined in figure 13, the outage or signal disruption time for augmented 

positional data was minimal, and on average 2 – 3 minutes. Any significant outages experienced 

throughout this period where as a result of maintenance issues, with none of these signal disruptions 

being attributed to the iridium network/constellation itself.  

 

Figure 13 MARENOR Project Iridium Outage Data 

Another potential satellite based option is that of the Orbcomm system used for the satellite 

component of AIS (Automatic Identification System)35. As this constellation is used for the 

transmission and distribution of maritime safety information in the form of AIS tracking, the network 

is strategically placed to potentially contribute in this area.  

2.8 Heading Measurement 

Heading is a directional referencing metric and forms part of the three rotational degrees of freedom. 

This directional metric or reference can be used in the context of land, sea, or air, and is concerned 

with the orientation about the vertical directional vector36. Heading can be measured in a number of 

ways including scalar or angles including pitch or roll. Heading can also be measured and represented 

in more complex forms such as rotational matrix orientation37, however for the purpose of this study, 

the focus will be on scalar methods in which heading is provided in a scalar form, allowing end-users 

to quickly visually determine directional referencing expressed in numerical form which align with 

navigational compass directional referencing.  

                                                           
34 Kvamstad et al., (2014) The MARENOR Project – Maritime Radio System Performances in the High North 
35 Kvam and Jeannot (2013) The Arctic Testbed – Providing GNSS Services in the Arctic Region, in proceedings 
of the 26th International Technical Meeting of The Satellite Division of the Institute of Navigation (ION GNSS+ 
2013), Nashville, TN,2013 
36 Gade (2016) The seven ways to find heading, The Journal of Navigation, 69, 955-970. 
37 Gade (2010) A Non-singular Horizontal Position Representation, The Journal of Navigation, 69, 395-417. 



SEDNA D3.6 

34 

 

2.9 Gyro Compasses 

Gyro compasses are a type of non-magnetic compass used within the maritime transport industry in 

order to provide a directional orientation referencing in the form of heading and bearing angles. In 

terms of heading, gyro compasses are designed to provide the true heading in which a vessel is 

pointed, so as to provide an end-user with a constant accurate directional reference. In addition, gyros 

provide bearing angles for end-users, allowing them to quickly measure a bearing line from an 

observed object relative to the end-user and the directional heading in which the vessel is pointed. In 

considering the sheer invaluable contribution made by gyro compasses to safe navigation, once must 

compare the dynamics of maritime navigation to mainstream conventional methods. For example, 

with land based options such as travelling by road, drivers operating cars are not so concerned with 

directional referencing in relation to course travelled or heading as roads provide immediate visual 

referencing as to the appropriate direction to be travelled, with the potential consequences of 

deviations being readily apparent to the end-user3839. For navigators, particularly in open waters 

beyond sight of land, such visual referencing does not exist, resulting in end-users being reliant on 

directional heading referencing so as to ensure a vessel is pointing towards and indeed travelling in 

the appropriate direction. The lack of immediate visual referencing such as those experienced within 

land based travel further restricts and end-user’s ability to quickly determine any potential directional 

errors. While before the advent of such technologies, directional referencing from celestial bodies 

such as the Sun or Polaris can offer a certain level of guidance for end-users, the contemporary 

maritime transport practices and economic drivers such as a need for efficiency both in terms of 

transits and turnaround time call for a need of extreme precision accuracy.  

While gyro compasses offer end-users readily available [if error free] true directional accuracy unlike 

their magnetic counterparts in which numerous corrections must be applied, the origins of their 

development spawn from a global shift in ship design as opposed to a willingness to seek readily 

available true directional referencing data. The industry as a whole had for hundreds of years made 

use of magnetic compasses and therefore adapted to the need to apply corrections such as variation 

and deviation in order to determine true directional data. However the advent of the construction of 

iron based ships called for a need to seek alternative directional referencing methods as the ferrous 

based material in which vessels replacing wooden ship would be built from posed a number of electro 

magnetism related challenges. Furthermore, geopolitical and power projection drivers of the late 19th 

and early 20th century saw nations seeking to develop military themed technology innovations which 

could extend a nation’s ability to impose its military force which transcended traditional sea based 
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efforts. One such innovation was that of the submarine, which again would be constructed from 

ferrous based material however in this case the vessels would be fully enclosed. Furthermore, being 

submerged would alleviate any potential options to make use of any potential visual referencing aids. 

As a result of these ship construction challenges, the industry sought a directional referencing aid 

which did not rely on magnetism and would therefore not be influenced by ferrous based material. 

With the magnetic north and south poles being out of the equation, this left designers with no 

alternative but to develop a directional referencing mechanism which made use of the earth’s true 

north and south poles. From this requirement, came the invention of the gyro compass and while 

numerous developments and pilot programmes were implemented within the late 19th century, the 

first working unit was invented by Hermann Anschutz-Kaempe in 1906, and deployed within the 

German Navy in 190840. The gyro compass has since evolved and is widely recognised and indeed used 

as one of the maritime industry’s primary electronic navigational aids in achieving safe navigation.  

2.9.1 Gyro Compass Operation 

In terms of the mechanics, when considering the practicalities of operation, gyro compasses like any 

other gyroscopic mechanism, operate on the basic premise that the unit remains steady while the 

earth moves or rotates beneath it. With regards the key components used to achieve this operation, 

as outlined in figure 14, a gyroscope is comprised of a rotor which is contained within gimbals that 

facilitate movement on three separate and mutually perpendicular axis knows as: 

1. Horizontal Axis 

2. Vertical Axis  

3. Spin axis 

 

                                                           
40 Elliott Laboritories (2003) The Anschutz Gyro-Compass and Gyroscope Engineering: 
https://books.google.ie/books?id=VJ3WCpegQxwC&pg=PA7&source=gbs_toc_r&cad=3#v=onepage&q&f=false 

https://books.google.ie/books?id=VJ3WCpegQxwC&pg=PA7&source=gbs_toc_r&cad=3#v=onepage&q&f=false
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Figure 14 Gyroscope Axis (Credit: Wickramasinghe 201341) 

 

Figure 15 Gyroscope Components (Credit: Wickramasinghe 201342) 

A phenomena known as gyroscopic inertia is developed when rapid spinning is applied to the 

mechanism, which will result in indefinite spinning on the same plane. When the alignment of the 

gyroscope spin axis is changed as a result of the application of an external force, this results in motion 

which is perpendicular to that of the applied force. This concept is known as precession, and is one of 

the four key elements required for a gyro to operate and in essence seek true north, with the 

remaining being gyroscopic inertia, the earth’s rotation, and gravity. Additionally, in order to maintain 

the north seeking aspects, the gyro must remain fixed on the meridian plane and in the horizontal. 

Finally, the gyro must be able to maintain these positional considerations regardless of what the vessel 

does in terms of manoeuvring or positional shifts (figure 16 refers). 

 

 

Figure 16 Gyroscopic Phenomena (Credit: Encyclopaedia Britannica 2011) 

                                                           
41 See LinkedIn Slide share: https://www.slideshare.net/nswickramasinghe/gyro-29012487 
42 See LinkedIn Slide share: https://www.slideshare.net/nswickramasinghe/gyro-29012487 

https://www.slideshare.net/nswickramasinghe/gyro-29012487
https://www.slideshare.net/nswickramasinghe/gyro-29012487
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2.9.2 Gyroscopic Errors 

In terms of accuracy, although gyro compasses are considered a precision electronic navigation aid, 

they are subject to a number of inherent errors which are expressed in east or west terms as follows:.  

1. Speed error 

2. Tangent latitude error 

3. Ballistic deflection error 

4. Ballistic dampening error 

5. Quadrantile error 

6. Gimbaling error 

These errors are well-established and can generally be addressed or compensated for making use of 

electrical or mechanical interventions in order to provide the necessary accuracy. These interventions 

can generally reduce errors to margins of less than one degree, almost making them negligible. 

However, these interventions are reliant on the presence of a constant stable electrical power source, 

a requirement not required for magnetic compasses. Additionally, on occasion these errors will 

require external intervention and may result in end-users being required to make use of gyros in the 

knowledge that errors are present. This is addressed by using terrestrial or celestial observations in 

order to determine if such errors exist, which can then be applied as necessary to navigational 

observations and practices.  

2.9.3 Operating Gyro Compasses within the Arctic 

In terms of using gyros at higher latitudes such as the Arctic, a number of challenges exist which can 

result in reductions in accuracy. Firstly, SEDNA research findings in D3.5, and numerous industry 

publications support the fact that gyros when placed at higher latitudes e.g. north of 75° – 85° North, 

experience reductions in accuracy434445. It is further suggested that beyond 85° degrees north a gyro 

will in essence become unusable. As previously outlined, precession is one of the key phenomena 

required in order for a gyro to operate accurately. It is this phenomena that provides the north-seeking 

attributes of a gyro compass which allows an end-user to quickly and accurately determine heading 

information. As the “directive” forces associated with precession are at their maximum at the equator 

and minimal or indeed zero at the poles, this poses a number of challenges as north-seeking 

precession force that maintain gyro alignment with the Earth’s (true) North Pole, becomes less 

pronounced at the poles. As a result, it is reported that headings displayed by gyrocompasses are 

                                                           
43 See SEDNA D3.5: 3.2.2.9 Use of compasses at higher latitudes 
44 Anwar (2015) Navigation Advanced Mates/Masters 
45 MOD (1987) Chapter 15 – Admiralty Manual of Navigation Vol 1 



SEDNA D3.6 

38 

 

therefore prone to drift over time, resulting in gyro heading errors. Furthermore, it is suggested that 

errors can accumulate over time as a result of course changes, further reducing the accuracy of the 

gyros when using them within the Arctic. This challenge is further compounded by one of the main 

manoeuvring and navigational requirements of operating in ice affected areas – the need to regularly 

alter and adjust course in order to avoid ice/ice bergs in order to safely transit an Arctic region. The 

interventions used to address errors such as the aforementioned latitude, speed, and ballistic 

deflection become more amplified within these regions, severely impeding their effectiveness. In 

addition to course adjustments, the increased levels of vibration and impact as a result of the presence 

of ice, further influences the directional north-seeking forces and further limits the effectiveness of 

the interventions. It is therefore proposed that gyro error inputs and interventions must be 

continuously monitored when operating at higher latitudes using the following coping methods: 

 Celestial or terrestrial observations every four hours 

 Gyro and magnetic compass comparisons 

 Positional fixing obtained via gyro observations should be cross checked against additional 

electronic sources such as GNSS or any other available means 

46. In addition, it is recommended that vessels operating within the Arctic develop latitude errors 

curves as the aforementioned “drift” will eventually reach a point in which the internal electrical and 

mechanical interventions cannot self-remedy the errors47. End-users can also make use of methods 

which involve manual latitude and speed inputs derived from positional information such as GNSS. 

Such methods are deemed to be relatively effective, however the manner in which they are applied 

will vary from unit to unit.  

2.9.4 Gyro Technology Developments 

Developments in gyro technology such as ring laser and fiber-optic gyros show promise of offering 

solutions to the proposed limitations associated with traditional gyro compasses. Although these 

technologies were initially developed for military purposes48 with a view to provide extreme precision 

in terms of positional information for vehicles and weapon guidance systems, these technologies are 

becoming more common within commercial non-military contexts.  While ring laser gyros continue to 

be most prevalent within military uses, fiber-optic gyros are gaining prevalence within commercial 

spheres. The technology makes use of the Sagnec effect in order to determine changes in orientation, 

which in effect involves using optical laser applications to quantify differential phase shifts and 

allowing angular velocity components to be measured photometrically. These differential 

                                                           
46 See Part 8. Bowditch (2017) Edition – American Practical Navigator 
47 See Para 620. Using Gyro Compasses 
48 Barbour, (2010) Inertial Navigation Sensors, NATO OTAN, RTO-EN-SET-116(2010) 
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measurements facilitate the necessary orientation determination needed to produce and display 

heading information4950. In terms of accuracy and reliability, while variances exist within individual 

fiber optic gyro units, as the technology does not rely on the mechanical moving parts associated with 

traditional gyro compasses, inertial resistance is not a critical factor for achieving orientation. 

Furthermore, they are not as susceptible to factors such as vibration and acceleration51. While this 

technology was developed as a somewhat more cost effective alternative to ring laser gyros as 

opposed to a specific Arctic intervention, the lack of mechanical parts and need for resistance could 

alleviate some of the limitations associated with gyro compasses which result in compass “drift” which 

cause errors in heading readings. Additionally, the lack of sensitivity to vibration and other external 

factors associated with Arctic navigation such as continuous ice breaking, offer a technology solution 

which can address certain limitations associated with mechanical gyro compasses.  

2.10 GNSS Compass 

A GNSS compass is a heading measurement electronic aid to navigation which provides end-users with 

true heading and bearing data. The compass derives heading referencing data making use of the 

positional, navigation, and timing data encompassed within the GNSS service provider no different to 

any other GNSS receiver. However, the units make use of integrated navigation algorithmic 

applications as a means of providing continuous heading display data52, a feature not possible with 

traditional GNSS receivers which provide sporadic heading data which is unusable from a helm, 

steering, and manoeuvring perspective. From a regulatory stand point, industry governing bodies such 

as the IMO recognise the extreme accuracy provided by GNSS compasses which are comparable to 

their gyro equivalents, as these e-navigation aids are now fully integrated into the global maritime 

navigation sensor regulatory framework5354. One of the key design features applied to these units 

which resulted in their inclusion into the regulatory framework was that of the inertia back-up systems 

which can facilitate heading measurement displays for periods of up to 20 minutes of GNSS signal 

loss55. 

In terms of Arctic considerations, while specific GNSS compass performance data is somewhat 

emergent in nature, given that the source data associated with performance is directly linked with the 

                                                           
49 Wang et al. (2014) Self-calibration method based on navigation in high-precision inertial navigation system 
with fiber optic gyro, Optical Engineering, 53(6),  
50 Merlo et al. (2000) Fiber Gyroscope Principles, Handbook of Fiber Optic Sensing Technology, Wiley 
51 Barbour, (2010) Inertial Navigation Sensors, NATO OTAN, RTO-EN-SET-116(2010) 
52 GIM (2017) Advanced Navigation Launches GNSS Compass Antenna 
53 GSA (2015) Maritime GNSS Market Report, Issue 4. 
54 Roach (2018) Beyond the Polar Code: IMO Measures for Assuring Safe and Environmentally Sound Arctic 
Navigation 
55 GIM (2017) Advanced Navigation Launches GNSS Compass Antenna 
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GNSS considerations discussed throughout this report e.g. constellation coverage and augmentation 

navigation, positioning, and timing data, GNSS compass performance is likely to be governed by 

generic GNSS performance measures/data.  

Beyond Arctic specific considerations, current development trends within GNSS technology indicate 

an emergence of integrated technology platforms in which end-users would derive heading, bearing, 

positional, navigation, and timing data from a single e-navigation sources as opposed to several5657. 

2.11 Magnetic Compasses  

A magnetic compass is a well-established navigational aid which was traditionally used for determining 

heading and bearing angle data58. The basic fundamentals which govern the operating components 

and applications of contemporary compasses are similar to those used during the historical age of sail, 

however significant gains in relation to scientific knowledge within the domain of magnetism, have 

spawned increases in accuracy within magnetic compasses. Additionally, technology innovations such 

as the transmitting magnetic compass provided a means by which magnetic compass data could be 

integrated with additional navigational technology such as compass repeaters, radars and in more 

recent times, electronic charts. However, regardless of such developments and accuracy 

improvements, the magnetic compass is recognised as a backup mechanism to gyro compasses and 

GNSS units throughout the maritime transport industry5960. Magnetic compasses make use of the 

magnetic vector field of the earth in order to determine positional referencing.  

2.11.1 Magnetic Compass Operating Principles 

Magnetic compasses used for the purpose of maritime transport operations must consider the 

following principles in order to achieve any form of reliability: 

 Terrestrial Magnetism 

 A vessel’s magnetism 

 Magnetic corrections 

Terrestrial magnetism is concerned with the earth’s magnetic field the primary focus being the 

planet’s north and south poles, and the magnetic fields present as a result. The earth’s magnetic field 

generates magnetic flux lines which intercept the earth’s surface at varying angles depending on the 

geographical location. For example, at the magnetic equator, these angles generally equate to 90 

degrees, while at the magnetic poles this angle is generally zero. Furthermore, in terms of geographical 

                                                           
56 GIM (2017) Advanced Navigation Launches GNSS Compass Antenna 
57 Kongsberg (2019) Integrated GNSS and Position Sensor Platforms 
58 Gade (2016) The seven ways to find heading, The Journal of Navigation, 69, 955-970.  
59 See Part 8. Bowditch (2017) Edition – American Practical Navigator 
60 See Para 600. Using Gyro Compasses 
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positioning, the earth’s magnetic poles like magnetism are dynamic in nature, and will generally 

migrate at a slow rate on an annual basis. As a result of this varying geographical position, a magnetic 

compass will provide an observer with a directional reference in relation to magnetic north as opposed 

to true north. As a result of this difference, an angular difference exists between the earth’s magnetic 

and geographical pole known as variation. While cartographers and magnetism experts can forecast 

with some accuracy the migration patterns of the earth’s magnetic poles, which are placed on 

navigational charts, the resultant factors of this variance is that in order for end-users to make use of 

magnetic compasses for the purpose of navigation, corrections must be applied in order to counteract 

variation.  

While a vessel remains stationary when under construction or during extensive maintenance periods 

such as dry docks, it becomes fixed within the earth’s magnetic field and will as a result develop and 

accrue a certain level of magnetism. Once a vessel commences its working life, a certain amount of 

this magnetism will diminish as it experiences the conditions of ocean going passages, however trace 

elements of the original magnetism will remain – a magnetic anomaly know as permanent magnetism. 

Additionally, vessels accrue induced magnetism while situated within the earth’s magnetic field. This 

magnetic anomaly is dynamic in nature and can either increase or decrease the level of permanent 

magnetism present within the vessel, thus creating an ever evolving and changing magnetic signature 

within the vessel61. These dynamic magnetic signatures and anomalies result in a magnetic 

disturbance known as deviation, which is a deflection of magnetic directional orientation measured 

to the left or right of a magnetic meridian. In order for a magnetic compass to provide directional 

referencing data with a level of accuracy near to a non-magnetic vessel, adjustments must be made 

to the compass, while also applying compass reading corrections6263. Adjustments are completed by 

placing magnetic correctional rods in pre-determined areas in close proximity to the compass itself. 

These correctional rods influence the magnetic compass to the point in which they counteract the 

effects of the vessel’s permanent and induced magnetism. Additionally, compass reading corrections 

are calculated and presented in a document that end-users can make use of known as deviation card. 

Deviation cards are developed in accordance with a vessel’s unique construction and magnetic 

characteristics and cannot be transferred to other vessels. They provide navigators with a simple 

means in which they can determine the necessary deviation correction to heading and bearing angle 

data depending on the heading being steered (figure 17 refers).  

                                                           
61 See Para 604. National Geospatial-Intelligence Agency: Handbook of Magnetic Compass Adjustment 
62 Anwar (2015) Navigation Advanced Mates/Masters 
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Figure 17 Maritime Magnetic Compass outlining magnetic adjustment fixtures (Credit: Cultofsea.com) 

 

Figure 18 Ship’s deviation card (Credit: Sailtrain.co.uk) 

2.11.2 Operating Magnetic Compasses within the Arctic 

As outlined in SEDNA D3.5, the Arctic poses a number of unique challenges for magnetic compass use 

in the Arctic primarily as a result of the close proximity to the magnetic north pole and the proposed 
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variations in its positional presence64. As the magnetic compass’ directional influences are effected 

primarily by the horizontal forces of the earth’s magnetic field, these influences become increasingly 

less apparent the further north a vessel travels until eventually a point will be reached whereby the 

compass will have no directional orientation characteristics. At high latitudes, magnetic inclination (or 

dip) – the horizontal angle made with the horizontal by the Earth’s magnetic field flux lines – nears a 

vertical direction. Although a magnetic compass will nevertheless correctly indicate the direction of 

the magnetic pole, it becomes overly sensitive to movements altering its orientation in the Earth’s 

magnetic field therefore its responsiveness to horizontal field lines, and its effectiveness as a heading 

instrument, diminishes. 

In terms of positional variations within the magnetic poles, the challenges associated with accurately 

determining their geographical positions has been widely accepted, with numerous sources 

highlighting that the magnetic poles are generally considered more to be areas as opposes to fixed 

points6566. Such variations occur as a result of the influences of the annual, diurnal, and secular 

changes of the earth’s magnetic field67. It has been suggested that the poles move within a 100-mile 

area, with the majority of directional movements taking place in a north and south direction, with very 

little being experienced east or west of magnetic meridians.  

 

Figure 19 World Magnetic Model (Credit: NOAA/NGCC) 

Furthermore, influences from external factors such as magnetic storms result in additional variances 

in magnetic pole positioning due to the effects they have on the earth’s magnetic field. Figure 19 

                                                           
64 See SEDNA D3.5 para 3.2.2.9 Use of compasses at higher latitudes  
65 Anwar (2015) Navigation Advanced Mates/Masters 
65 MOD (1987) Chapter 15 – Admiralty Manual of Navigation Vol 1 
66 Gade (2016) The seven ways to find heading, The Journal of Navigation, 69, 955-970 
67 Para 3321 – Bowditch (2007) 



SEDNA D3.6 

44 

 

presents a visual representation of the world magnetic model, highlighting that the earth’s magnetic 

north pole is positioned somewhere in the area of 80° 22’ N and 72° 37’ W, and providing an inclined 

axis of 9° 41’68. This model can be used in order to determine the accuracy and reliability of a magnetic 

compass operating within Polar Regions, making use of Gauss efficiencies to provide performance 

measurement metrics in which reliability can be determined. However, while this model provides 

reliability and performance data at a global geomagnetic scale, they do not take into account local 

magnetic anomalies which can influence reliability to the same extent as global influences.  

Magnetic deviation will also be influenced by the reduced horizontal forces, magnetic pole positional 

shifts, and magnetic storms. Magnetic storms in particular can pose the most severe of accuracy 

challenges, with heading variances of up to 45° degrees being reported in some cases. The 

aforementioned correctional magnetic fixtures applied to magnetic compasses in order to alleviate 

the effects of a vessel’s magnetism at mid latitudes can often have adverse effects on the accuracy of 

the magnetic compass. As the vessel’s residual magnetism can increase up to 20 fold when operating 

in close proximity to the magnetic poles, the magnetic corrections applied at mid latitudes can become 

negligible and further amplify the accuracy reductions.  The resultant factors of these influences 

include incorrect heading information as a result of the compass becoming offset by the magnetic 

influences, or in some cases remaining fixed on the same heading and not providing an alternate 

reading as the vessel alters course.  

Frictional errors are also extremely prevalent within the Arctic, and occur as a result of the presence 

of ice or extreme cold climates. While friction will influence the accuracy of a magnetic compass 

regardless of the latitude, the extreme climatic conditions coupled with the compass experiencing 

continued equilibrium disturbances as a result of operating in ice affected waters, will further increase 

the influences of friction. Furthermore, the extreme temperatures can in some cases cause the 

compass mechanism to freeze, particularly if compass pendulums are suspended in water. It is 

therefore recommended that the compass should be checked regularly for signs of freezing and that 

heat sources should be applied if necessary. 

In terms of preparing a magnetic compass for Arctic use, the technical review would suggest that there 

is a somewhat inevitability that accuracy reductions will be experienced within higher latitudes. While 

preparations can be made to swing compasses and provide magnetic and correctional interventions 

to mitigate such inaccuracies and variations, the prominence of extreme external influences such as 

positional shifts of the earth’s magnetic poles, magnetic storms, and fluctuating vessel magnetism 

characteristics resulting in increased deviation errors appear to be challenges that the maritime 

                                                           
68 Finlay et al., (2010) International Geomagnetic Reference Field: the eleventh generation, Geophysical 
Journal, 183, 1216-1230. 



SEDNA D3.6 

45 

 

transport industry will continue to face when attempting to make use of magnetic compasses for the 

purpose of precision navigation. The literature and industry sources would therefore suggest that as 

these influences are global geomagnetic in nature, they are simply too complicated to be addressed, 

prompting the industry to seek other technological interventions to address these challenges. 

However regardless of the numerous accuracy limitations associated with magnetic compasses, the 

mechanically simplistic characteristics of these compasses, and the need for little or no electrical 

support for operation, have resulted in the magnetic compass being continuously considered as an 

ideal support mechanism for other more technical aids to navigation, while also providing an effective 

means of redundancy. Also, in applying simple coping methods such as completing regular compass 

crosschecks and verification with other compasses and terrestrial and celestial observations, end-

users can continuously monitor the compass accuracy thus determining any potential reliability 

challenges. Furthermore, it is recommended that observations in relation to compass behaviour, 

particularly in relation to behavioural or variances when operating in certain geographical regions 

should be recorded and logged. Such data can provide a mechanism in which end-users can pre-plan 

for potential compass inaccuracies, and apply certain local knowledge in order to make informed 

decisions in relation to compass reliability. They can also provide a means in which the above 

highlighted local anomalies can influence reliability, thus addressing certain shortfalls in the world 

magnetic model. Such observational data would however require certain validity analysis, as its 

reliability would be significantly influenced by the manner in which the observations were made and 

recorded by the end-user.  

2.12 Arctic Hydrography 

Hydrography is discussed and presented in the context of electronic aids to navigation within the 

bridge watch keeping setting. Although not necessarily directly linked with the technical operation of 

electronic aids to navigation utilised by end-users, like any safety or progress monitoring technology 

intervention, the effectiveness of electronic aids such as Radars or ECDIS displays will always be limited 

to the presence of accurate and up to date data sources.  

Numerous sources support the fact that a significant lack of marine infrastructure exists within the 

Arctic, and although developments continue in areas such as the Norwegian Arctic and North West 

Russian Coast, a lack of such infrastructure and hydrographic data gaps within a significant proportion 

of primary shipping routes pose a number of safety challenges for commercial shipping activity within 

the Arctic (Arctic Council 2009)69. Furthermore, the absence of such data has been highlighted as one 

of the key strategic challenges for the future of Arctic shipping if northern shipping routes are to be 

                                                           
69 Arctic Council: Arctic Marine Shipping Assessment Report: https://www.pmel.noaa.gov/arctic-
zone/detect/documents/AMSA_2009_Report_2nd_print.pdf  

https://www.pmel.noaa.gov/arctic-zone/detect/documents/AMSA_2009_Report_2nd_print.pdf
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considered for mainstream shipping. Although charts are available for Arctic regions within the limits 

of nations such as Canada, the U.S., Russia and Denmark, the quality of the available hydrographic 

data varies significantly from high resolution surveys to regions with no sounding data whatsoever. 

For example, a report furnished by the Arctic council highlights that only 10% of Canadian Arctic has 

been surveyed to modern standards by the Canadian Hydrographic Service, with significant gaps 

present within electronic charts used for these areas (figure refers__).  

 

Figure 20 Canadian Arctic Survey Efforts (Arctic Council Report) 

These challenges are relevant not only for day-to-day navigation, but also in relation to emergency 

preparedness and search and rescue, particularly with developments within the cruise ship sector 

escalating7071. In the context of technical operation and machine user interface, a lack of such data has 

the potential to limit the effectiveness of electronic aids to navigation which have a resulted in a 

number of incidents within the Arctic. Hydrographic survey efforts completed by the United States 

have focused predominantly on the Alaskan coast, with significant gaps elsewhere (figure 21 refers).  

                                                           
70 Rothwell, (2012) International Straits and Trans-Arctic Navigation, Ocean Development and International 
Law, 43, 267-282. 
71 Brooks and Frost (2012) Providing freight services to remote Arctic communities: Are the lessons for 
practitioners from services to Greenland and Canada’s North East, Research in Transportation Business and 
Management, 4, 69-78 
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Figure 21 U.S. Arctic Survey Efforts (Arctic Council Report) 

Russia are a nation with a long standing history of Arctic survey efforts and have engaged in extensive 

efforts since 1933. As a result, it is proposed that 90% of mainstream sea routes within the Russian 

Arctic shelf have been subject to extensive hydrographic survey efforts. These surveys have been 

completed making use of contemporary approaches and standards of hydrographic efforts, with a 

particular emphasis being placed on the detection of underwater obstructions and charting depths on 

routes which experience significant traffic density. While research suggests that the Russian 

authorities have been the most progressive and indeed proactive in relation to completing 

hydrographic survey efforts, as outlined in figure 22, these efforts have been limited to the lower end 

of the Arctic latitude spectrum, with large parts of Arctic Ocean still being somewhat uncharted by 

modern survey standards.  

 

Figure 22 Russian Arctic Survey Efforts (Arctic Council Report) 
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2.12.1 Hydrography E-Navigation and Safety Implications 

Similarly to mid-latitude regions, safe maritime navigation is attempted making use of terrestrial and 

celestial aids to navigation. The positional accuracy of these aids and the level of precision in which 

they have determined to be placed, is very much reliant on the survey efforts and infrastructure 

available to hydrographers. While such factors are not necessarily a challenge within mid-latitude 

regions, research suggests that this can be a challenge and indeed safety risk for Arctic navigation. 

SEDNA D3.5 highlighted a number of challenges when navigating with charts and fixed points. Such 

challenges included a number of variations in terms of land topography and the ever changing visual 

and radar landscape of the Arctic as a result of the changeable and volatile climactic conditions. These 

challenges pose issues not only for visual observations, but also when attempting to complete 

precision navigation through terrestrial means as observations for these purposes can be inaccurate 

due to the aforementioned variations. Additionally, when attempting to use floating aids such as IALA 

buoys, mariners face a number of challenges as the presence of ice and indeed harsh weather 

conditions can result in significant positional shifts within the placement of these floating aids to 

navigation which can result in groundings and serious incidents. An example of such an incident within 

the Arctic would include the Grounding of the Hanseatic in 199672. Within this incident, a bridge team 

managing a passage within an Arctic region grounded their vessel as a result of maintaining the 

vessel’s course and speed based on visual observations relative to a navigational marker buoy. While 

it was discovered that the buoy was significantly displaced as a result of ice, the bridge team did 

prepare a safe and effective passage plan, but chose to ignore it as a result of the visual observations 

and monitoring based on the buoy’s position73. While hydrographic issues were certainly a 

contributing factor in the sense that an IALA marker buoy shifting position resulted in the vessel going 

aground, there was sufficient additional hydrographic data available to the bridge team which had 

they acknowledged it, may have prevented the incident from occurring. Another incident in which 

limitations in relation to hydrographic accuracy and survey efforts was that of the MV Nanny – an oil 

and chemical tanker which grounded while en route to St John’s in Newfoundland. Although the 

primary causal factor was that of human error, in which a miss communication between the Master 

and Helmsman resulted in the vessel turning to starboard during a pre-planned course alteration to 

port74, a number of hydrographic survey limitations were highlighted as potential contributing factors. 

It was highlighted within the report that since 2010, over thirty requests had been made to improve 

                                                           
72 Transport Canada Marine Occurrence Report: Passenger Vessel Hanseatic 
73 See para (3.1) Findings, Transport Canada Marine Occurrence Report: Passenger Vessel Hanseatic 
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and enhance survey efforts of thirty affected Arctic areas such as the Chesterfield Narrows, with just 

two of these areas experiencing increased survey efforts. While the human elements such as miss 

communication, fatigue, and not implementing bridge resource management procedures were cited 

as causal factors, the report suggests that had the area experienced greater hydrographic survey 

efforts and increased placement of fixed or floating navigation aids, the electronic aids to navigation 

available to the bridge team would have highlighted with greater clarity the error in directional 

change, thus allowing the team to react faster and potentially preventing the grounding from 

occurring75. 

An example of another incident is that of the Clipper Adventurer – a passenger vessel which grounded 

in 2010 as a result of a non-functioning forward looking sonar and unreliable hydrographic data76. 

While the vessel was relying on hydrographic data which was derived using dated survey means77, and 

there were no apparent navigation hazards on the planned route, the vessel went ground having 

struck an uncharted shoal while on passage. During the marine investigation efforts, it was determined 

that although the shoal was not charted or captured via the precision accuracy associated with 

hydrographic survey efforts, the shoal was reported in 2007 to the Canadian Hydrographic survey 

service and a subsequent Notice to Shipping was issued advising vessels operating within the area of 

the presence of an uncharted shoal. It was therefore concluded within the marine accident 

investigation report that the primary causal factors of the incident were a failure to consult local 

navigation notices, as opposed to poor hydrographic survey data78. While this incident would appear 

to have occurred as a result of a failing in passage planning preparation and execution, it can be 

proposed that a lack of accurate hydrographic data and e-navigation technology interventions were 

also contributing factors. Furthermore, although a temporary shipping notice was issued, in the 

absence of a technology interface between electronic aids to navigation and local navigation notices, 

passage planning effectiveness is limited very much by the human effort applied to engage with 

technology and information sources external to those present within the immediate navigational 

bridge domain.  

 

 

 

                                                           
75 See para 1.13.1 M14C0219 Marine Investigation Report – MV Nanny 
76 See Navigation in Inadequately Surveyed Areas para, Transport Canada Marine Occurrence Report: 
Passenger Vessel Clipper Adventurer 
77 Single Line Soundings 
78 See point (5) Conclusions Transport Canada Marine Occurrence Report: Passenger Vessel Clipper Adventurer 
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3. Arctic Communication Technology Review 

3.1 INTRODUCTION 

Underpinning the concept of ‘Safety-at-Sea’ is a fundamental requirement for reliable ship-to-ship, 

ship-to-shore and shore-to-ship telecommunications: voice links to facilitate orderly and collision-free 

navigation, and digital links to transfer meteorological data and maritime safety information to 

expedite route planning.  

At high latitudes, long distance terrestrial radio communication links are characterised by poor quality 

and frequent interruptions but reliable satellite communication links are reliable only for users 

situated below mid-70o latitudes, vulnerabilities that warrant concern as the volume of shipping in 

Arctic waters gradually grows. 

The scale of communications equipment that must be carried by ships traversing Arctic waters is 

stipulated by the International Maritime Organisation (IMO) in the Global Maritime Distress and Safety 

System (GMDSS*), a part of the Safety of Life at Sea (SOLAS†) convention to which over 99% of the 

world’s shipping subscribes79. This review of communications challenges in the Arctic therefore begins 

by assessing the impact of terrestrial and space weather on radio equipment performance, including 

satellite technology critical for supporting e-Navigation functions that underpin modern bridge 

automation. Whilst focussed on transport shipping for the most part, the evaluation broadens to 

include other maritime stakeholders responsible for shaping the development of Arctic shipping and 

after an appraisal of forthcoming technology, discusses the extent to which advances in 

communications technology promise to overcome these challenges. 

3.2 AVAILABLE TECHNOLOGIES AND ENVIRONMENTAL CONSTRAINTS 

3.2.1 RADIO TELEPHONE SYSTEMS 

Maritime radio voice communications (radio telephony) utilise signals that lie in the range of 150khz 

to 3000 MHz, divided into four distinct frequency bands: Medium frequency, High frequency, Very 

                                                           
79 http://www.imo.org/en/About/Conventions/ListOfConventions/Pages/International-Convention-for-the-
Safety-of-Life-at-Sea-(SOLAS),-1974.aspx  
* GMDSS – An automated maritime communications network comprising satellite terrestrial components that 
facilitate distress alerting and message relaying, provides maritime safety information and routine 
communications from ship-to-ship, ship-to-shore and shore-to-ship. It also prescribes scales of equipment that 
must be carried on board depending on area in which vessel operates to enable search and rescue operations 
to be directed to the exact site of incident. 
†SOLAS – An international maritime treaty which sets safety standards that signatory flag states are required 
to construct, equip and operate merchant ships. 
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high frequency and Ultra high frequency (MF, HF, VHF, UHF) that conveniently discriminate between 

types of transceiver equipment used. Bands are further subdivided into spectra distinguished by 

centre frequency or channel number. Often marine MF and HF equipment is referred to as ‘SSB’ (single 

side-band) radio. 

VHF and UHF radio signals travel directly between transmitter and receiver antennae via line-of-sight 

(or direct wave) propagation, therefore curvature of the Earth limits the distance over which 

communications is possible (refraction in the lower atmosphere increases this distance beyond the 

geometric horizon, extending the radio horizon for UHF signals by about 15%). The maximum distance 

over which VHF and UHF radios may communicate is therefore a function of receiver and transmitter 

antenna heights combined with transmitter power, giving typical maximum ranges of 20-50nm.  

Medium and High frequency radio signals also propagate via ground waves, signals that tend to follow 

curvature of the earth due to refraction arising from temperature and pressure strata in the lower 

atmosphere, and sky waves, signals refracted by layers in the ionosphere to such an extent they are 

bend back and propagate Earthwards (see Figure 23). So-called ‘Skywave’ propagation80 results in a 

‘skip zone’, the region between a transmitter antenna and receiver antenna in which no signal can be 

detected, although signals may bounce between the earth’s surface and ionosphere multiple times 

increasing the total length of the skip zone. 

 

Figure 23. Skywave propagation of radio waves. (By Kf4yfd, Noldoaran, Augiasstallputzer - Based upon Wikimedia commons 

upload: File:Globe.png) 

Ionosphere conditions determine the length of a skip zone and vary by time of day, by season and by 

frequency. In order to successfully establish a radio link, operators require skill and experience. Factors 

that result in Arctic HF radio operations being particularly challenging are discussed in Section 3.3. 

The scale of radio equipment SOLAS compliant vessels must carry is stipulated in the GMDSS according 

to ‘Sea Area’ categories distinguished by distance offshore the vessel sails. Because maximum range 

                                                           
80 https://www.arrl.org/files/file/Technology/tis/info/pdf/8312011.pdf 
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attainable with a radio is inextricably linked to signal frequency, inshore voyaging craft are required 

to carry only VHF radios, vessels operating beyond VHF range but within MF radio range (about 

100nm), must carry both VHF and MF sets, and vessels operating beyond this distance from shore 

must additionally carry either HF radio or must be within INMARSAT (International Maritime Satellite) 

coverage. The Arctic Ocean at latitudes above 70o North is considered to be devoid of INMARSAT 

coverage, thus carriage of HF radio equipment is mandatory. 

In addition to being capable of dealing with voice information, radios required by the GMDSS must 

facilitate ‘Digital Selective Calling’ (DSC), extra data encoded on any radio-telephony voice channel 

that can be directed at specific targets, so unattended receivers may automatically detect and store 

messages for later retrieval and the need for continuous watch-keeping can be eliminated. The radio 

must also implement a ‘Mayday’ feature that transmits details of a vessel in distress, including its GPS 

position, at the press of a button. 

3.2.2 DIGITAL RADIO SYSTEMS 

3.2.2.1 NAVTEX  

In addition to voice communications capability specifications, the GMDSS mandates that all qualifying 

vessels, i.e. those in relevant Sea Areas, must be equipped to receive, store and display ‘NAVTEX’ data 

(Maritime Safety Information and other critical data including ice reports and meteorological 

forecasts, transmitted by a dedicated network of 518 kHz MF radio transmitters). The precise distance 

from shore NAVTEX transmissions can be picked up depends on transmitter power and environmental 

conditions, but the general limit of availability is taken as 100nm. Maritime Safety Information (MSI) 

is also promulgated by other means, including via INMARSAT. 

3.2.2.2 AIS  

Automatic Identification System (AIS) is short range tracking system that uses VHF transponders to 

make course, position, speed and other data available to other ships within radio range (at least 

20nm). AIS transmissions also radiate upwards and can be detected by a growing number of satellites 

that host AIS receivers, permitting satellite service provides to capitalise on a growing global market 

for real-time, on-line ship tracking81. 

3.2.2.3 LRIT  

Long Range Identification and Tracking82 (LRIT) is a mandatory ship position reporting scheme, 

applying to all cargo vessels larger than 300 gross tons, all passenger ships and mobile drilling rigs, 

whereby participating ships must report their position to their flag registry administrations four times 

a day. The scheme is intended to improve safety at sea, and allows authorities to assess security 

                                                           
81 https://www.navcen.uscg.gov/?pageName=AISworks 
82 http://www.imo.org/en/OurWork/Safety/Navigation/Pages/LRIT.aspx 
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threats to, and security threats posed by, participating vessels. Satellite communications system 

terminals can be configured to do this automatically. 

3.2.2.4 NBDP 

Narrow-Band Direct Printing83 (NBDP) is a telex-over-radio system that can be used to communicate 

over a radio channel with text rather than by voice and can be used to receive MSI over HF and MF. 

NBDP was introduced in the GMDSS to overcome language difficulties in voice communication, 

particularly for distress transmissions, however it has fallen into disuse as other means of MSI 

reception (for example Inmarsat-C) prevail. 

3.2.3 SATELLITE SYSTEMS 

Satellite orbits are characterised by degree of ellipticity, distance from earth and inclination (angle of 

the orbital plane relative to the equatorial plane).  

The velocity of a satellite is determined distance from the earth, therefore satellites positioned in 

equatorial orbit at precisely 35786 km altitude appear to observers on the surface to keep up with 

rotation of the earth, i.e. they appear motionless in the sky. Geostationary orbit is therefore used for 

satellites that serve a specific area, but signals emitted from geostationary satellites graze the earth 

at 81.3o Latitude so cannot be received at the poles, as demonstrated in Figure 24. 

 

 

Figure 24. Northerly grazing angle of signal transmitted by a geostationary satellite (from ‘Arctic Communications 

Challenges’, Bekkadal4).  

Circular orbits are classified in terms of altitude (Low Earth, Medium Earth and High Earth), and can 

be inclined in planes that carry them over the poles. Signals emitted from satellites in LEO and MEO 

reach the surface with lower latency than those from satellites in geostationary orbit, however signal 

footprint (the area on the surface in which reception is possible) is smaller so a procession of satellites 

are needed to ensure contiguous surface coverage. 

                                                           
83 United States Government (2002) The American Practical Navigator, Chapter 28. 
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Satellites in highly elliptical orbits vary in velocity throughout the orbit, attaining greatest velocity at 

closest approach (perigee) and slowest velocity furthest from earth (apogee) with distance from earth 

similar to that of geostationary satellites giving a quasi-geostationary view. Two orbits proposed by 

Soviet Union aerospace engineers in the mid 1960’s to serve northern regions, the Molnyia orbit with 

12-hour period and 10 hours of arctic sight, and the Tundra orbit with 24-hour orbital period and 16 

hours of Arctic sight (see Figure 25), have been in use for television transmission and government 

communications.84,85 

Although LEO and HEO orbits in principle provide full coverage of the earth’s surface given a 

sufficiently large number satellites distributed in several orbital planes, distance between observer on 

the surface and an individual satellite constantly changes as viewing angle varies. Signals received 

from satellites therefore pass through varying regions of atmosphere as the satellites orbits, a factor 

that bears on discussions of signal quality and reliability in Section 3.3. 

 

 

Figure 25. Summary of satellite orbits (from ‘Arctic Communications Challenges’, Bekkadal). 

3.2.3.1 INMARSAT 

Inmarsat is a private company evolved from non-profit inter-governmental organisation established 

in 1979 from 28 member states. The company name, formed by conflating abbreviations of parts of 

the name ‘International Maritime Satellite Organization’, reflects impetus from the IMO to assemble 

the organisation. 

                                                           
84 Plass, Clazzer, Bekkadal, (2015) Current Situation and Future Innovations in Arctic Communications, in 
proceedings of the IEEE 82nd Vehicular Technology Conference. Boston, USA.  
85 Bekkadal, F. (2014) Arctic Communication Challenges. Marine Technology Society Journal, March 2014, pp. 
8-16. 
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Measures were taken in 1999 to separate public safety obligations and operational business interests, 

thus overcoming resistance from member states unwilling to invest in improvements needed to 

updated the network in what had become a highly competitive satellite communications industry. 

Inmarsat provides voice and data telecommunications services with geostationary orbiting satellites 

and one satellite dedicated to Aviation services in Europe. Older satellites operate in the L-band, 

newer in the K-band with correspondingly higher data throughputs. Each satellite provides coverage 

to a specific geographic area ranging size from 1/5th to 1/3rd the earth’s surface, bounded by the 

grazing angles of about 81o North/South latitude. Antenna arrays aboard spacecraft spotlighting 

smaller regions thereby allowing higher data rates to be achieved. In practice, geostationary satellites 

are rarely usable above latitudes of 76o North/South.  

Uplink and download speeds vary according to receiver terminal specifications and user subscription 

details, for a typical combination (Cobham Sailor 250 FleetBroadband) general IP data transfer up to 

284 kbps and streaming up to 128 kbps are possible.86 These speeds are modest compared to the US 

Federal Communications Commission ‘broadband’ definition of 3 Mbps upload and 25 Mbps 

download, but sufficient for e-mail and time-insensitive Internet use (for example, downloading 

weather forecast image files for later review). The Sailor 100 GX Ka band receiver provides access to 

faster connection speeds available with Inmarsat ‘Global Xpress’ high throughput services (up to 

50Mbps downlink, 5Mbps uplink87).   

Inmarsat is integral to the GMDSS, providing a conduit for maritime safety information as well as 

satellite phone voice communication links. Data capacity needs for these services are adequately met 

by L-band networks and a maritime-specific level of service known as Inmarsat-C which offers low 

speed (1.2 kbps) data transfer. A simple omnidirectional antenna suffices for this service, simplifying 

installation and lowering cost. 

3.2.3.2 IRIDIUM 

The Iridium constellation88 comprises 66 satellites in six low-earth orbital (LOE) planes, passing over 

the geographic poles and circling 781km above the Earth. Each orbital plane is filled with eleven 

satellites that take 100 minutes to complete one orbit, to an earthbound observer each satellite is 

usefully ‘in view’ (in other words suitable geometry for reliable signal transfer) for about seven 

minutes. Calls are automatically handed-off to the next satellite that becomes visible to the receiver; 

antennae on the spacecraft focus radio signals such that each antenna is responsible for handling calls 

for about fifty seconds – the time taken for a point on the surface to travel through the antenna 

                                                           
86 Cobham Sailor 250 Fleetbroadband Product Sheet (2013) 
87 Cobham Sailor 100 GX Product Sheet (2017)  
88 https://www.iridium.com/company-info/companyprofile/ 



SEDNA D3.6 

56 

 

footprint. Calls are routed to earth via a multi-hop topology with ad-hoc routing between satellites 

and for this reason, delays of up to 300ms have been measured in voice communications, and from 

500ms to as long as 20 seconds for digital data transfer.89   

Originally designed to be a satellite phone system, digital narrowband capacity became available with 

‘OpenPort’ and ‘Pilot’ services for which data rates as high as 128kb/s have been reported in literature 

however definitive values cannot be ascertained as they depend on the subscriber’s level of service 

and terminal receiver specifications.  

In January 2019, Iridium completed replacing aging satellites in its constellation with upgraded 

IridiumNEXT units to increase data capacity and quality-of-service, and subsequently brought to 

market a new digital service (Certus) to exploit these upgrades. According to product specification 

sheets for Certus-compatible receiver equipment (Thales VesseLINK and Sailor 4300), maximum data 

transfer speeds are 700kbps (download) /352kbps (uplink) for IP sessions and up to 256kbps for 

streaming. 

With no change to constellation architecture, drop-outs during hand-over between satellites and 

indeterminate delays due to multi-hop latency reported by users of the previous generation of Iridium 

services might remain problematic. The picture will remain unclear until new receiver equipment has 

been in service long enough for user feedback to become available. 

3.2.4 SEARCH AND RESCUE SUPPORT  

SOLAS regulations require cargo ships of over 300 gross tons and passenger ships on international 

voyages to carry UHF (406mhz) Emergency Position Indicating Radio-Beacons (EPRIB’s). Distress 

signals emitted by EPIRB’s can be detected by any of 47 satellites that host COSPAS/SARSAT (an 

international satellite-based search and rescue system established by the US, Canada and France) 

receiver payloads.90 EPIRB’s transmit unique identifier codes allowing them to be positively identified 

and geographically pin-pointed with accuracy of about two nautical miles. EPIRB’s also transmit a VHF 

homing signal to assist searching ships and aircraft.91 

3.3 CHALLENGES TO EFFECTIVE COMMUNCIATIONS IN THE ARCTIC 

3.3.1 IONOSPHERIC EFFECTS 

The ionosphere is a stratified region of ionized plasma in the earth’s upper atmosphere created by 

interaction between gas molecules in the atmosphere and cosmic rays (ultraviolet radiation and 

photons emanating from the sun). Negatively charged electrons remain free for long periods before 

                                                           
89 McMahon and Rathburn (June 2005) Measuring latency in iridium satellite constellation data services. U.S. 
Naval Academy Report no: A291464. 
90 https://spacenews.com/spacex-completes-iridium-next-constellation 
91 United States Government (2002) The American Practical Navigator, Chapter 28. 
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being captured by positive ions, creating conditions that interfere with propagation of radio signals, 

particularly satellite transmissions in the L-Band (1-2GHz), causing rapid fluctuations of amplitude, 

phase, and polarisation (scintillations) that decrease signal-to-noise ratio and delay propagation 

thereby reducing signal quality. Scintillation phenomena are most prevalent in equatorial and polar 

regions, furthermore because terrestrial magnetic flux lines are aligned nearly vertically at the north 

and south poles, funnelling solar wind earthwards, interaction between the solar wind and earth’s 

magnetosphere produces electric currents in addition to ionising plasma (see Figure 26). The challenge 

background solar weather presents to satellite reception in the Arctic is compounded by one-off solar 

events (bursts of x-rays from solar flares, sunspots) that inject energy into ionosphere for periods of 

time lasting hours or days, causing bursts of interference and signal loss.92,93 

Boundaries between layers containing different concentrations of plasma refract HF radio signals to 

such an extent some are redirected earthwards. Backscattering at suitably shallow angles of incidence 

allow the ground and ionosphere to form a waveguide in which multiple reflections between the 

ground and ionosphere, the Skywave phenomena described in Section 3.2.1 to extend the range of 

even low powered radio transmissions. Density of free electrons in the ionosphere gives rise to 

variability in HF skip distance that is intimately associated with sun activity causing vertical extent of 

layers within the ionosphere to vary by day and night, between seasons depending on sun proximity, 

and when short-lived variations in solar output occur.14 These factors compound the basic skip 

distance versus frequency relationship, presenting radio operators with numerous hurdles to 

overcome. 

 

                                                           
92 https://www.swpc.noaa.gov/phenomena 
93 Kvamstad et al., (2014) The MARENOR Project – Maritime Radio System Performances in the High North 
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Figure 26. Composition of the Earth’s Magnetosphere (William Crochot   - 

http://science.nasa.gov/newhome/headlines/guntersville98/images/mag_sketch_633.jpg) 

3.3.2 TROPOSPHERIC DISTURBANCES 

Below the ionosphere lie two layers in the atmosphere, a calm layer (the stratosphere) in which little 

or no temperature change occurs, and below that the troposphere, a region characterised by varying 

temperature, pressure and density in which all terrestrial weather takes place which extends upwards 

to altitudes between approximately 7km at the poles and 17km at the equator. The stratosphere has 

little or no effect on radio energy, however precipitation in the troposphere absorbs and scatters radio 

waves, particularly those in the K-bands (12-40GHz) and signals at higher frequencies favoured for 

satellite communications because they offer greater data-carrying capacity. Disruptive effects on radio 

signals are accentuated by the thin, relatively dense Arctic troposphere in which sudden and severe 

depressions frequently form. Although Kb-band signals are less disturbed by ionospheric phenomena 

than L-band transmissions, they are nonetheless degraded by environmental conditions.94   

Refraction also occurs in the troposphere causing radio waves to follow an arced, rather than linear 

path between transmitter and receiver antennae, displacing the radio horizon beyond the geometric 

horizon. When anomalous atmospheric conditions prevail, ducts that act as waveguides can form 

allowing signals to travel far beyond the normal radio horizon however extra range is not necessarily 

beneficial, as it gives rise to the possibility of co-channel interference from far-ranging stations.   

3.3.3 VIEWING ANGLE, SIGNAL BLOCKING, REFLECTIONS, AND MULTIPATH EFFECTS 

Equatorially orbiting geostationary communications satellites, such as those in Inmarsat 

constellations, appear very low to the horizon when observed by users located on the surface at high 

                                                           
94 PennState College of Earth and Mineral Sciences Department of Geography (2019) Course GEOG 862, The 
Ionospheric Effect. 
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latitudes (signals emitted be satellites orbiting at this altitude graze the earth at latitudes of 81.3o 

North/South). Consequently, 1) relatively low obstacles, even far from the receiver antenna, block 

direct line-of-sight, and 2) significant proportion of radio energy transmitted by the satellite is likely 

to be reflected from the sea (or ice) surface and will interfere with signals travelling in direct path, 

diminishing signal quality of signal 3) the distance signals pass through the ionosphere will be greater 

than those from an overhead satellite, greatly increasing the likelihood of quality loss due to varying 

conditions in the ionosphere. Consequently, even in ideal receiving conditions aboard a user’s vessel 

(no vessel movement, a stable antenna locked onto the satellite, no line-of-sight restriction, and no 

atmospheric attenuation), satellite signals may not be usable at latitudes above latitude 76o North.95 

Vessels sailing in Arctic waters above this latitude are therefore required to carry communications 

equipment designated for GMDSS Sea Area 4, including MF/HF transceivers.  

Although Iridium satellites orbit closer to the surface than geostationary satellites, communication 

disruption may occur if a ship is surrounded by high terrain that restricts view of the sky to the extent 

that when one satellite drops out of view, the one following it in the same or adjacent orbital plane 

cannot be seen. If the call cannot be handed over between satellites, the link will be temporarily lost. 

Furthermore, viewing angles to Iridium satellites vary rapidly as they orbit, so the distance a signal 

passes through the atmosphere to an observer on the surface will differ as the satellite progresses. As 

previously noted, K-band signals are attenuated by precipitation therefore varying signal paths 

through severe conditions in Polar depressions are another source of Inmarsat service interruptions.  

3.3.4 SHIP MOVEMENT AND ANTENNA ICING 

Stabilised antennas that maintain lock on target satellites, compensating for vessel motion, are 

essential for proper operation of maritime satellite receiver systems, particularly for broadband 

communications links that demand high signal-to-noise ratio signals (not the case for less demanding 

GMDSS safety applications for which lower gain omnidirectional antennas are adequate).  

Despite effective stabilisation possible with latest generation of antenna mounts, antenna motion 

presents a limitation to satellite communications in the Arctic where ice-breaker hull profiles can lead 

to rapid rolling motion compounding poor satellite viewing geometry.96 

Ice build-up poses threats both to the physical integrity of antenna installations and to their 

operational effectiveness if they are not heated to prevent ice accruing. Icing caused by precipitation 

or sea spray (salty ice) adds weight to the antenna, increasing wind load on it to the point where 

structural damage occurs and melting usually occurs asymmetrically, exacerbating structural stresses. 

When ice first forms it is wet and conductive, altering antenna properties (detuning the antenna) and 

                                                           
95 Kvamstad et al., (2014) The MARENOR Project – Maritime Radio System Performances in the High North. 
96 Ice Navigator Blog (26th July 2017) Arctic 100 Expedition The Modern Tools of the Ice Navigator. 
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reducing performance. Regardless of ice build-up, antennas can be damaged by flying blocks or sheets 

of ice which often break loose from adjacent structures on ships and offshore installations.97  

3.3.5 AIS 

The importance of domain awareness is amplified in remote regions such as the Arctic, where there 

is greater likelihood of ships in the vicinity of a vessel in distress being first to respond to an incident 

than Coastguard agencies, as would be the case in populated areas.  

AIS is a primary source of maritime situational information, and although developed for short range 

ship-to-ship traffic alerting, can be used to monitor vessel activity beyond basic VHF range with traffic 

information derived from S-AIS. In remote regions S-AIS plays a more important role in domain 

awareness, however it was never intended for widespread traffic dissemination and faces two 

significant drawbacks when used in this way. Firstly, most S-AIS service providers report services being 

targeted either at national security organisations, or that customers are commercial organisations 

including commodity traders and analysts. Thus S-AIS data is made available with no guarantee of it 

being promulgated in a timely manner. Secondly, delay between a vessel transmitting AIS data and it 

being reported by service provider might be substantial (or data might be lost). There will be a delay, 

possibly of several minutes, before an AIS receiver-equipped satellite comes within range, a further 

delay before data is down-linked depending on how long it takes for satellite to come within range of 

ground station, and another delay before the satellite receiver has headroom to process data if large 

numbers of vessels are simultaneously transmitting within the reception footprint of the satellite (or 

co-channel interference may overwhelm the receiver entirely, so the AIS message is lost).98 

IridiumNEXT satellites carry host payloads99 including advanced satellite AIS (S-AIS) receiver units that 

implement ‘spectrum de-collision processing’ software100 with which the manufacturer (ExactEarth) 

claims to be able, combined with terrestrial technology, to track vessels accurately even in the most 

congested shipping areas, alleviating the aforementioned (and probably most significant) limitation of 

S-AIS. Its use in the Arctic may be limited, however, by general Iridium multi-hop latency issues and 

general satellite communications environmental limitations discussed in Sections 3.3.3 and 3.3.4.   

                                                           
97 Bekkadal, F. (2014) Arctic Communication Challenges. Marine Technology Society Journal, March 2014, pp. 
8-16.  
 
98http://www.esa.int/Our_Activities/Space_Engineering_Technology/ESA_satellite_receiver_brings_worldwide
_sea_traffic_tracking_within_reach  
99 spaceflight101.com (2019) http://spaceflight101.com/spacecraft/iridium-next/ 
100 ExactEarth White Paper (November 2012) Satellite AIS and First Pass Detection. 

http://www.esa.int/Our_Activities/Space_Engineering_Technology/ESA_satellite_receiver_brings_worldwide_sea_traffic_tracking_within_reach
http://www.esa.int/Our_Activities/Space_Engineering_Technology/ESA_satellite_receiver_brings_worldwide_sea_traffic_tracking_within_reach
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3.4 MARITIME DATA USERS AND DIGITAL BANDWITCH NEEDS  

Amongst literature analysing communications challenges faced by Arctic navigators against a 

backdrop of climate change, two themes recur: 1) predictions of growth in shipping traffic as receding 

ice cover makes the region more accessible, and 2) demand for broadband connectivity across full the 

spectrum of terrestrial, maritime and aeronautical users.101 A growing gap between capability of the 

current communications infrastructure and projected future demand was identified: 

1) As business and industry software applications get hungrier for digital bandwidth capacity, a need 

fuelled in large part by reliance on cloud connectivity and on-line, real-time, computer co-dependency 

(for example, Enfotec ‘IceNav’*).  

2) As maritime traffic density increases, broadband connectivity to cater for e-Navigation support and 

access to on-line voyage planning resources (see Table 3) becomes critical to ensure safe navigation 

in the future. 

 

Resource Use 

Surface ice condition reports. Planning and re-routing voyages through dynamic ice 

fields. 

Icing forecasts. Superstructure icing can lead to vessel instability. 

Weather forecasts. Polar depressions are small, form rapidly, and are 

short-lived making them difficult to detect and 

making movement difficult to predict with numerical 

methods that barely possess sufficient resolution to 

model them. Forecasts are based on a ‘now-casting’ 

approach, for which near real-time reporting is 

essential. 

Traffic Awareness. In a region of large distances, few vessels and sparse 

coastguard cover, knowing where the nearest vessel 

is located is important for emergency response. 

 

Table 3. Digital resources for maritime users (from ‘Communication in the High North – Supporting Safe Maritime 

Operations’, Kvamstad) 

The International Association of Marine Aids to Navigation and Lighthouse Authorities (IALA) echo 

these observations in its Maritime Communications Plan,102 in which it presents recommendations for 

                                                           
101 Fjørtoft, Bekkadal and Kabacik (June 2013) Maritime Operations in Arctic Waters, in MTS/IEEE OCEANS 
2103. Bergen. 
102 www.iala-aism.org/product/maritime-radio-communications-plan/ 
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efficient use of the radio spectrum to support the IMO-led vision of safe marine navigation in a world 

of larger and faster ships, changing economy & technology, stringent standards, a holistic approach to 

maritime operations (e‐navigation), and changing waterway use. 

The plan, published in 2017, emphasises the importance of digital communications in realising this 

vision, noting digital data transfer will become increasingly relied upon to overcome limitations of 

analogue radio systems by extending schemes already in place (e.g. AIS DSC, NBDP distress and 

urgency alerting/calling), and by implementing new robust ship-ship, ship-shore or shore-ship 

networks which will be the key to unlocking the operational and commercial potential of the e-

Navigation initiative (see Table 4). 

The plan envisages a diverse maritime communications network connecting the shore and vessels, 

and between vessels themselves, identifying digital technologies including broadband maritime and 

satellite communications that will be needed to address future demands.  

  

 

Safety Operational Commercial 

AIS position reports Weather data  Voyage orders 

AIS AtoN Ship reporting  Commercial port services 

Digital Selective Calling  Notifications to coastal States Operational reports 

Long Range Identification and Tracking Port arrival notification Cargo telemetry 

Differential GNSS  Maritime Information Overlays Point of Sale 

NAVTEX/SafetyNET  Port & VTS surveillance feeds  Crew personal communications 

VTS coordination  Electronic chart updates  Passenger Internet access 

SAR  Access to vessel and equipment manuals Crew training 

Distress and Urgency alerting/calling Remote maintenance and service 

Infotainment 

Telemedicine 

 

 

Table 4. Overview of maritime communication applications by type (from IALA Maritime Communications Plan, 2017). 

Various maritime applications identified in the IALA report, and further classified by Fjørtoft et al,103 

can be divided into those with basic data needs required by all maritime actors, namely automatic 

emergency messaging, mandatory reporting, operational reports, technical status reporting, which 

can be met with modest data speeds (<50 kbps); those with data-intense safety & technical monitoring 

                                                           
* A shipboard ice navigation system that interfaces with on-board navigation, radar and satellite 
communications systems to allow the reception, display, manipulation and sharing of ice information products 
and provides an enhanced radar image for better ice detection. 
103 Fjørtoft, Bekkadal and Kabacik (June 2013) Maritime Operations in Arctic Waters, in MTS/IEEE OCEANS 
2103. Bergen. 
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needs, i.e. components of e-Navigation, which require transfer speeds up to 1 Mbps; and those of 

cruise ships, the oil and gas industry, and support for crew wellbeing applications (including e-

Medicine) which require broadband speeds. 

 

Applications Bandwidth demand Integrity level 

 

Emergency messaging (beacons) 

 (Search & Rescue, distress, positioning). 

Normally supplements voice comms. 

Low 

(< ∼10 kbps) 

High 

 

Mandatory reporting (Factual reports; 

arrival info. , ship and load data) 

Low 

(< ∼10 kbps) 

Low to 

Medium 

Operation & navigation reporting 

(ship-land (status) reporting). 

Normally simple data messaging 

Low 

(< ∼10 kbps) 

 

Medium 

to High 

Technical maintenance (technical status; 

alarm and sensor reporting). 

Low 

(< ∼50 kbps) 

Medium 

 

Training and qualification 

(Data exchange for training purposes, 

Ship-to/from-shore, often in real time). 

Medium 

(< ∼1 Mbps)  

 

Low 

Safety & technical monitoring 

(Safety critical data). 

Medium 

(< ∼1 Mbps) 

Medium 

to High 

Infotainment 

(Crew and passengers; (HD)TV, Internet). 

High 

(< ∼10 Mbps) 

Medium 

to High 

Special purpose applications 

(Oil exploration, unmanned demanding, 

video conferences, CCTV, offshore 

operations, etc.) 

High 

(< ∼20 Mbps) 

High 

 

Table 5. Bandwidth requirements of various categories of maritime operations involving digital data. (from ‘Maritime 

Operations in Arctic Waters’, Fjørtoft  et al). 

The bandwidth capacity of digital data communications options (HF radio NBDP, MF NAVTEX and 

narrowband VHF) suffices only for the least demanding applications, and in the Arctic where terrestrial 

radio infrastructure is sparse, the usefulness of these systems is further diminished. Phone 

communication and wireless computer networks (GSM, 3G, 4G, WiMax) have sufficient bandwidth for 

data-centric applications, but away from centres of population and at latitudes higher than 80o North 

where there are no base stations, broadband digital data transfer is possible only by means of satellite 

links. Lack of reliable satellite communications handicaps the ability of coastguards to carry out patrol, 
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surveillance and emergency response duties and justifies concerns that growing volumes of shipping 

traffic pose a threat to maritime safety.104  

The importance of digital data exchange permeates the IALA report, which notes e‐Navigation as being 

the driving factor behind the concept of digital data communications in the maritime sector. The 

potential impact of communications shortfalls on user groups, identified by Kvamstad105and shown in 

Table 6, proves difficult to assess because factors influencing growth in arctic shipping are numerous 

and combine in a complex manner.   

 

Maritime Actor Arctic Operation 

Oil and Gas industry Seismic exploration and test drilling, offshore oil/gas 

installation supply, ice management and emergency 

preparedness. 

Fisheries Fishing along the ice edge, in ice infested areas, and 

in areas with oil and gas related activities. 

Aquaculture developments. 

Transport Destination transport to and from ports and oil 

fields, trans-polar transport through the Northeast 

or Northwest passages. 

Tourism Larger cruise ships with thousands of passengers on 

board, smaller expedition ships with a few hundred 

people on board, which typically move closer to land 

and ice, and leisure vessels, typically sail boats, with 

2-10 persons on board. 

Emergency preparedness Governmental actors such as coast guard vessels, 

navy vessels, tugs and private rescue and salvage 

operators. 

Border surveillance Navy vessels, for border observation, fisheries 

monitoring and emergency preparedness. 

 

Table 6. Arctic data users and maritime operations, adapted from ‘Communication in the High North – Supporting Safe 

Maritime Operations’, Kvamstad. 

                                                           
104 Plass, Clazzer, Bekkadal, (2015) Current Situation and Future Innovations in Arctic Communications, in 
proceedings of the IEEE 82nd Vehicular Technology Conference. Boston, USA. 
105 Kvamstad, B., (2013) ‘Communication in the High North – Supporting Safe Maritime Operations’, in 32nd 
International Conference on Ocean, Offshore and Arctic Engineering OMAE 2013. Nantes, 9th-14th June 2013. 
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Although the total area of Arctic ice is unquestionably shrinking and decreasing in thickness, extending 

the period of time during a year when trans-polar navigation is possible, conditions encountered by 

ships are not becoming any less difficult to overcome. Sea-ice does not melt uniformly in all locations 

and varies in extent from year to year (in summer 2007, despite reduction in ice coverage in some 

areas, parts of NSR were completely blocked by thick ice because of uneven distribution along the 

coastline). Shipping channels remain confined and shallow, and comparisons of arctic routes continue 

to show no large savings between major international ports (e.g. Rotterdam, Singapore, Vancouver, 

Los Angeles, New York, Shanghai) on many Panama or Suez/Malacca alternatives. Often shorter route 

distances afforded by trans-polar routes are offset by slower speeds required to negotiate icebergs 

and avoid drifting ice compared to open water speed, vessels built for polar shipping routes have 

higher build costs, higher insurance costs and require financial outlay on safety equipment, and crew 

training, and icebreaker support will remain a requirement for most ships. The relative attractiveness 

of the two principle Arctic transport routes (the Northwest Passage and the Northeast 

Passage/Northern Sea Route) compared to Suez/Panama alternatives is further complicated by 

volatile fuel costs.106  

Plass et al. (2015) acknowledged this uncertainty, and speculated that a larger proportion of the 

increase in shipping activity brought about by better access to navigable waters due to climate 

warming would be in local traffic serving mineral, gas and oil exploration and transportation, 

particularly in Russian, Norwegian and Canadian waters; fishing activity as the industry follows fish 

stocks which seem to be migrating north as waters warm to the south, and cruise liners voyage further 

into the Arctic. The ice-strengthened LNG gas carrier fleet introduced to transport LNG produced at 

the Yamal gas project to the Asia-Pacific and European markets via the NWP and NSR, of which a 

participant in the industry survey carried out for SEDNA (the Eduard Toll) is an example, illustrates and 

validates this point.107  

In assessing risks to the safety of arctic maritime operations posed by satellite communications 

limitations, the report made to SEDNA describing satellite phone coverage in the NEP/NSR reveals 

only brief loss of geostationary satellite links, or no loss at all, during the voyage (maximum latitude 

of the vessel was 78o North), and that LEO communications back-up remained available during 

geostationary satellite link outages. However, the Norwegian ice-breaker report describes loss of 

coverage from both geostationary and LEO satellites when sailing in fjords (as with NEP/NSR, 

geostationary satellite communications was lost at about 80o North). The NWP lies at similar latitudes 

                                                           
106 Plass, Clazzer, Bekkadal, (2015) Current Situation and Future Innovations in Arctic Communications, in 
proceedings of the IEEE 82nd Vehicular Technology Conference. Boston, USA. 
107 https://www.maritime-executive.com/editorials/the-future-of-the-arctic-economy (September 2018). 
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therefore similar satellite communications usability is assumed, (the communications company 

International Ocean Networks markets a K-Band geostationary satellite service for vessels transiting 

the NWP off the north coast of Canada, evidence to support the notion that relatively reliable 

geostationary satellite communications is possible in the NWP), however, the complex straits of the 

Canadian archipelago might create rugged topography that temporarily blocks satellite view and 

restricts service. In general terms, we speculate that the principle concern is with growth in tourist 

cruise shipping, fishing and scientific exploration missions that roam further north than 80o and stray 

away from transport shipping routes.108,109  

3.5 TECHNOLOGIES THAT PROMISE TO OVERCOME OBSTACLES TO RELIABLE ARCTIC 

COMMUNICAITONS  

3.5.1 GMDSS MODERNIZATION  

Inmarsat has been the sole provider of satellite mobile communications services to the IMO since 

inception of the GMDSS in 1999. Criteria for including other satellite communications providers in the 

GMDSS were agreed by the IMO in 2007, however a detailed review of carried out between 2012 and 

2016110 revealed that not all issues that might arise with an expansion of satellite services had been 

anticipated. A draft modernization plan to address these issues and pave the way for additional 

satellite services to be absorbed in the GMDSS, was published in December 2016 and is expected to 

be approved by the IMO Maritime Safety Committee in its June 2019 meeting.111 

in 2014, the Iridium Communications company applied to the IMO to become a provider of mobile 

satellite communications in the GMDSS, a move that promised significant enhancement because the 

Iridium constellation provides complete worldwide service, unlike geostationary Inmarsat satellites 

which provide no coverage at high latitudes.112  

In a briefing to the IMO Sub-Committee on Navigation, Communications and Search and Rescue 

(NCSR) in January 2019, a spokesman for Iridium reported that the Iridium satellite system had been 

approved by the IMO to provide GMDSS services commencing in 2020, and that IEC (International 

                                                           
108 Kvamstad, B., (2013) ‘Communication in the High North – Supporting Safe Maritime Operations’, in 32nd 
International Conference on Ocean, Offshore and Arctic Engineering OMAE 2013. Nantes, 9th-14th June 2013. 
109 https://earthobservatory.nasa.gov/images/91981/shipping-responds-to-arctic-ice-decline (May 2018) 
110 Review and Modernization of the Detailed Review of the GMDSS (March 2106). 
https://edocs.imo.org/FinalDocuments/English/NCSR 3-29 (E).docx  
111 http://www.imo.org/en/MediaCentre/IMOMediaAccreditation/Pages/MSC-98-preview.aspx 
112 https://www.canadianshipper.com/information-technology/iridium-applies-to-provide-global-maritime-
distress-and-safety-system-services/1003144278/ 
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Electro technical Commission) had been chosen to provide test standards for new receiver terminal 

equipment.113114  

The revised GMDSS will include a redefinition of Sea Area A3 which currently refers exclusively to 

Inmarsat geostationary satellites and uses 70o North and South Latitudes as boundary criteria.  The 

new definition, ‘an area…within the coverage of a recognized mobile-satellite communications 

service…’, will encompass the Arctic ocean therefore the onus to rely on HF radio for long range 

communications in the Arctic will no longer apply (to suitably equipped shipping).32  

As noted in Section 3.2.3 the most recently introduced Iridium digital service (Certus 700) supports 

data rates of up to 176/704 kbps, speeds falling well within the FCC definition of ‘broadband’ therefore 

ample for promulgation of Maritime Safety Information and e-Navigation support data (based on the 

assumption that GMDSS-approved Iridium receivers closely resemble current off-the-shelf Certus-

compatible equipment, namely Sailor 4300 and Thales VesseLINK terminals). The question of whether 

Iridium can provide a service comparable to fibre broadband in terms of latency, in the light of delays 

that seem inherent in the multi-hop network architecture adopted for the Iridium constellation, 

remains open, but it seems obvious that within context of fundamental maritime communications 

needs (i.e. compliancy with IMO/GMDSS regulations), its introduction will be an Arctic game-changer.  

3.5.2 VDES 

Another aspect of GMDSS modernisation that potentially benefits Arctic shipping, but one that will be 

implemented in a longer time-frame than introduction of Iridium, is a plan to develop a broadband 

data exchange network based on VHF radio technology (VDES) that will support transfer speeds up to 

300kbit/s.   

This low-cost system will allow mariners to benefit from e-Navigation, giving access to MSI, 

hydrographic data and weather forecasts, and will support anti-piracy and security reporting, updating 

and monitoring of on-board cargo, and engine monitoring systems, without incurring the cost penalty 

of subscription to a satellite service.  

The plan will employ radio concepts that proved successful with AIS to create coastal VHF networks 

with coverage up to 50km from coastal sites. However, spectrum allocations in the VHF band for 

satellite usage will be discussed at world radio communication conference in November 2019,115  

demonstrating the IMO’s intention to include global satellite coverage in the scheme so that, like S-

AIS, VDES would be available in the Arctic.  

                                                           
113 National GMDSS Task Force Newsletter and Summary Record of 27 September 2018 Meeting 
https://www.navcen.uscg.gov/pdf/gmdss/taskForce/TFSR_94.pdf  
114 See para 6.5 SEDNA D1.1 Satellite Communication: Regulatory Framework 
115 Bogens, GMDSS Modernisation and e-Navigation Spectrum Needs (2017), ETSI workshop ‘Future Evolution 
of Marine Communication’ 7-8 November 2017 Sophia Antipolis France. 
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3.5.3 MF NAVDATA  

The World Radio Communication Conference revised spectrum allocation in 2012 to facilitate a digital 

broadcasting system with data flow rates of 15/25 Kbit/s (more than 300 times the NAVTEX 

transmission), sufficient transmit text and images, for example weather satellite imagery.116 

3.5.4 HF  

HF communications will remain an important long-range communications back-up and an option for 

ships lacking satellite communications into the future. The IALA Maritime Radio Communications Plan 

notes options are being studied to increase data rates using 3 kHz channels that may increase yield 

speeds of 19.2 kbps allowing a successor to HF NBDP, which has fallen into disuse, to possibly fulfil a 

useful purpose. The GMDSS modernisation plan likewise reports on systems that might simplify use 

of HF radio, and so overcome declining levels of knowledge and skill that result from reliance on 

satellite communications, by automatically choosing the most appropriate frequency for operation.37  

3.5.5 LEO BROADBAND SATELLITE COMMUNICATIONS 

LEO earth orbits suffer a significant disadvantage that antenna footprints, the area of earth surface 

onto which signals are beamed and in which reception is possible, are small therefore solutions 

demand constellations comprising many satellites distributed in multiple orbital planes. Despite the 

obvious cost and complexity involved in achieving world-wide satellite-based broadband 

communications coverage, the race for first-mover advantage is spurring competitors on to an 

unprecedented degree in the satellite communications market. The following thee ventures have 

reached a degree of maturity that indicates they are highly likely to come to fruition in the near future, 

proposals from Boeing and Samsung for which requests to reserve radio spectrum capacity have also 

been reported, but without launch schedules.  

The Starlink system117 comprises multiple constellations in three orbital shells, the first deployment 

being of 1,584 low-cost satellites in 40 orbital planes with 66 satellites in each plane. The first 60 

operational satellites were launched in May 2019, with plans to phase service in over six years and to 

be fully serviceable by 2025. Initial commercial operations are expected to begin in 2020. 

The OneWeb project118 comprises a constellation of 648 satellites in 18 orbital planes to provide 50 

Mbps broadband connectivity, faster than fibre connection under certain circumstances. The first six 

satellites were launched in February 2019 and the system is expected to be fully serviceable by 2021. 

                                                           
116 https://www.iala-aism.org/product/maritime-radio-communications-plan/ 
 
117 https://en.wikipedia.org/wiki/Starlink (satellite constellation) 
118 https://www.itu.int/en/ITU-R/space/workshops/SISS-216/Documents/OneWeb%20.pdf 
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Telesat, a well-established Canadian satellite communications company proposes a constellation of 

120 satellites in two orbital planes with individual link data transfer speeds greater than 1 Gbps, 

claiming to be able to offer full global coverage ‘with far greater efficiency than any other satellite 

system’ by dynamically allocating capacity where needed and by utilising an advanced ground 

network.119 Additionally, Space Norway plan to address the Arctic satellite broadband challenge by 

developing and deploying two satellites on orbital planes which will facilitate satellite broadband 

coverage north of 65°. The satellites will be launched in 2022, with view to being operational by 2023 

and will be designed to have a 15 year working life120. 

3.5.6 HEO SATELLITE PROJECTS 

Highly elliptical orbits (HEO) based on ‘Molniya’ and ‘Tundra’ orbits pass over the Earth’s geographic 

poles at heights comparable to geostationary orbit distance thus usefully cover the Arctic. 

The Russian Federal space agency, in its ‘Arktika’ project, planned to launch ten satellites in two HEO 

orbits to assist Russian Federation with development and the environmental protection of its vast 

northern regions.  The Arktika constellation will conduct earth observation and remote sensing 

missions over the Arctic, supplying meteorology data, emergency communications and mobile 

communications, and provide air traffic and navigation services. Proposed in 2007, first launches were 

planned for 2013 but after a series of postponements and delivery of the first payload instrument only 

in 2018, first launch is due in 2019 and full deployment by 2025.121    

The Canadian department of National Defence plans the launch of the RADARSAT Constellation 

Mission (RCM)122  which is the successor to its current RADARSAT-2 Synthetic Aperture Radar mission. 

The new constellation complements the existing system and will be used for numerous Earth 

Observation tasks including ice and iceberg monitoring, oil pollution monitoring and response, and 

ship detection. The primary areas of interest are the landmass of Canada and surrounding maritime 

areas, including the Arctic which will be mapped daily. The first of three satellites in the constellation 

is due to be launched in June 2019.123 

                                                           
119 https://www.telesat.com/news-events/qa-telesats-erwin-hudson-opens-about-leo-mega-constellation-
plans 
120 Telenor | Maritime (2017) Report on Arctic and Cold Climate Solutions Network Meeting 
121 Russia to build Arctic satellite network (2018) RussianSpaceWeb.com 
http://www.russianspaceweb.com/arktika.html 
122 RCM (RADARSAT Constellation Mission) (2019), European Space Agency eoPortal Directory 
https://earth.esa.int/web/eoportal/satellite-missions/r/rcm 
 
123 TESLARATI News Post (7th May 2019) https://www.teslarati.com/spacex-confirms-falcon-9-launch-date-
radarsat/ 
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3.6 CONCLUSIONS 

The notion that growing volumes of shipping traffic exploiting Arctic waters pose a threat to safety at 

sea, a concern arising from lack of satellite communications at high latitudes compounded by 

susceptibility of long distance HF radio systems, upon which ships depend when satellite 

communications are not available, to interference and service interruptions, has been found to be 

valid but based on infrastructure that is undergoing radical change. 

In the near future, inclusion in the GMDSS of a satellite communications service that offers world-wide 

cover with ample data capacity to meet current and forthcoming needs, including support for e-

Navigation, will eliminate reliance on Inmarsat with its geographical limitations and remove the 

requirement for routine HF radio operation.  

Looking beyond the needs of the GMDSS, competition for supremacy of the global broadband market 

will add a layer of affordable connectivity to the communications market that authors of the 2017 

Arctic Council report on telecommunications infrastructure in the Arctic could only have guessed at 

when they optimistically sated: ‘the satellite future looks bright for the Arctic’: it is doubtful that they 

could have foreseen how rapidly that future might approach and how bright it might be. The 

unprecedented development of global broadband promises to transform mariners' sea-going 

experience to an extent surpassed only by the birth of inter-continental radio communications 

heralded by Guglielmo Marconi’s first transatlantic transmission in 1901. 

 

4. Primary Research Efforts 

4.1 Introduction 

This section outlines the interview findings from two maritime transport industry sources for the 

purpose of determining the potential real-world effects of the limitations posed by the Arctic when 

making use of conventional electronic aids to navigation and communication equipment. The purpose 

of the questionnaires were to build upon the technical review knowledge in an effort to get a sense 

of real-world end-user limitations. Additionally, these efforts presented an opportunity to capture and 

present locally adopted coping and mitigation strategies currently in use today which can potentially 

be simulated and further developed throughout the SEDNA project. The findings within this section 

are designed therefore not only to inform the research efforts of D3.6, but will also provide insights 

which will inform future SEDNA consortium efforts.  

The questionnaires were designed with semi-structured interview formats in mind (appendix 1 refers), 

presenting brief findings from an Arctic technology perspective with a view to not only gather direct 
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responses, but also to induce additional insights such as key end-user experiences and perspectives, 

while also gathering examples of coping strategies used to deal with technical limitations. In keeping 

with the SEDNA proposal focal points, and having completed an extensive technical literature review 

of Arctic context uses and applications, the following research focal points were addressed within the 

primary research efforts: 

4.2 Arctic Electronic Aids to Navigation: 

GNSS Investigated Accuracy Limitations 

 • Signal disturbances as a result atmospheric conditions 
• GNSS constellations 
• GNSS augmentation and differential services in the Arctic 
• Do GNSS limitations pose challenges/threats for day-today 

operations 
• Locally, what solutions are adopted to manage potential challenges 

associated with limitations 
 

Heading Technical Shortcomings 

 • Gyro and magnetic compass limitations 
• Do gyro and magnetic compass limitations pose a challenge for safe 

navigation? 
• Do external influences such as magnetic anomalies or atmospheric 

conditions effect performance? 
• Locally, what solutions are adopted to manage potential challenges 

associated with limitations? 
 

Arctic Hydrography Charts and Hydrographic Data 

 • Chart data accuracy within the Arctic 
• Potential variances in quality depending on the region of operation 
• Uncharted waters/accuracy 
• ECDIS considerations 

 

Additional Focuses  

 • Does LORAN C or E-LORAN feature? 
• Potential use of additional inertia technology to derive heading 

information 
• Are terrestrial and celestial means to used cross-check navigational 

equipment accuracy 
 

Table 7 Arctic Navigation Focal Points 

4.3 Arctic Maritime Communications  

Satellite Coverage and range limitations 

 • Long range communications 
• Internet connections 

 

Radio Coverage and range limitations 

 • UHF/VHF considerations 
• Potential atmospheric disturbance considerations 
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• The effect of satellite communication on radio communication usage 
• NAVTEX uses 
• Climatic influences on radio equipment 

  
Table 8 Arctic Maritime Communication Focal Points 

4.3 Primary Research Respondents 

4.3.1 Respondent 1: Teekay Shipping Master and Crew 

Teekay shipping are a major global player in petroleum gas products, and have an extensive maritime 

transport footprint within the Arctic for the purpose of LNG transportation. To date, Teekay partnered 

with Yamal have completed 62 ship-to-ship transfer operations, shipping 10 million cubic metres of 

LNG products within the Arctic Circle124 and offer the potential to provide key expert insights into 

contemporary navigation and practises.  

Respondent 1: Summarised Finding (Appendix 2 refers)s: 

GNSS: 

 We do not have any significant issues with GNSS in the Arctic. Vessel is fitted with 2 x 

GPS receivers and 2 x GLONASS receivers. Positions are compared every hour between 

the two systems and there are no differences between the two.  

 Vessel has not experienced any drop outs of GNSS or GLONASS during transit of the 

NSR. 

 GNSS accuracy is not an issue for Arctic Navigation. The primary hazard is shallow 

waters, particularly potentially uncharted areas – in this instance the vessel always 

adheres to well charted areas and clearly defined Deep Water routes. When transiting 

the Sabetta Sea Channel in winter the accuracy of GNSS/GLONASS is essential as this 

channel is 250m wide and approximately 25 nm long. The channel has shallow depths 

either side and due to the ice condition there is no possibility to place navigational 

marks except for a few months in summer. During winter virtual AIS buoys are utilized. 

 GPS receivers are constantly monitored and compared through ECDIS station No.1 

which compares both GNSS and GLONASS feeds. 

 If the Primary position fixing system fails, there is an alarm and an auto switch to the 

back-up system. If this system fails, the system switches directly to DR. We consider 

that the positional data of the GNSS is reliable when using either 2D or 3D fixing. Also 

the position can be considered reliable if HDOP (Horizontal Dilution of Precision) is 

less than four (manufactures guidelines). HDOP values during all phases of transits of 

                                                           
124 Teekay (2019) LNGSTS Operations in the Arctic Circle: https://lngsts.com/watch-an-lngsts-operation-in-the-
arctic-circle/ 

https://lngsts.com/watch-an-lngsts-operation-in-the-arctic-circle/
https://lngsts.com/watch-an-lngsts-operation-in-the-arctic-circle/
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the NSR are generally less than 1.5. If the position fix obtained by GNSS or GLONASS 

is not 2D, 3D or HDOP over 4.0, then an alarm will be triggered. 

 No concerns regarding our navigation systems on board. 

Heading Measurement: 

 True Heading: 

 Vessel is equipped with two Fibre Optic Gyros and one Satellite Compass which has 

it’s heading information derived from GPS. Heading information is reliable and the 

discrepancy between FOG 1 and FOG 2 is less than 0.2 degrees. On high latitudes we 

are comparing heading information with both with fixed points such as transits and 

also the vessel is conducting traditional celestial compass errors when the opportunity 

allows. Heading deviation is not more than 0.5 degrees, which is comparable with 

vessels operating in a more conventional environment.   

 Ice pilots advise that they have had no issues that they can think of using a traditional 

gyrocompass in this environment. 

 Vessel is fitted with a GPS compass, however it is somewhat less reliable than the 

FOG, with a discrepancy of approximately 0.2 degrees from the Gyro Compass itself. 

Magnetic Compasses: 

 Magnetic Compass is carried on board and the vessel the vessel has errors of around 

10 degrees, up to 20 degrees in latitudes greater than 70 degrees.  

 Local Magnetic Anomalies are experienced when passing North of Mys Zhelania, 

where we can experience deflections of up to 40 degrees.  

 Also in the Eastern part of Kara Sea near Vilkitsky Strait there are large deposits of iron 

on the sea bed which cause significant deflections. This is consistent with the mineral 

rich nature of the sea bed. 

 In the event of failure of FOG 1, FOG 2 and the Sat Compass, heading information from 

the Magnetic Compass would only be reliable for a short time only.  

 In terms of procedures addressing this issue, we do not have any as such, however 

this contingency has been risk assessed during the build stage of the vessels and it has 

been considered that the likelihood of both FOGs and the Sat Compass failing is 

remote. 

Bathymetry: 

 Vessel is equipped with a Skipper GDS 102 Echo Sounder.  

 With respect to this equipment we have issues with aerated water passing under the 

sensor, which causes a loss of signal. This phenomenon occurs when the vessel is 
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breaking pack ice and compacted ice. This phenomenon does not occur when the 

vessel is pushing through loose pack/broken ice.  

 The vessel is not equipped with forward looking Sonar.  

 Any forward facing sonar housing would need to be suitably positioned in order to 

prevent damage to the equipment, it may also be susceptible to the same issues of 

aerated sea water which causes issues with the echo sounder.  

 Given the levels of survey of the charts of the area in which the vessel operates (most 

of which has likely been done by the Russian military and downgraded for civilian use), 

forward looking sonar would not add much in terms of a safety margin to a 

commercial vessel, however I can see the benefits in fitting this to a research vessel 

operating in areas of low surveyed/surveyed areas. 

 During transits of the NSR, it has been observed that depths, contours and positions 

of land are in accordance with those found on the charts in shipping lanes, and when 

conducting tactical navigation in ice in the Northern Sea Route there is a general 

agreement between what is on the chart and what is in reality. 

 Vessel is predominantly using Russian charts and some Norwegian charts. Accuracy of 

both is considered to be similar.  

 We have at no stage encountered incorrectly or uncharted objects during the service 

life of the vessel, nor to our knowledge has the rest of the Yamal ARC 7 fleet. 

 Vessel is using Mercator projection for Arctic Navigation. 

 The vessel is now fully Paperless, however previously when using paper charts for 

some areas of the voyage there was a difference in datum between the paper charts 

used for navigation and the electronic charts used for reference on the ECDIS. There 

was also a difference in depths, due to differing dredged information – the electronic 

charts were of a new data. 

Arctic Communication: 

 The vessel is using a combination of VSAT as primary means of Satellite communication 

and Iridium as backup/secondary.  

 The maximum latitude that the vessel is passing is 78 North, and we lose SAT C and 

VSAT for brief times only, if at all. 

 Satellite telephone coverage is comparable to VSAT coverage as this is the vessels 

prime communication method. If there is a VSAT outage, then the VSAT phones are 

off. The Iridium phone and data link continues to function and we have experienced 

no issues with this. 
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 We do not experience any issues with VHF or UHF communications, communications 

are clear to a range of 20-30 miles. 

 HF is no longer an important ‘every day’ ship/ship or ship/shore communication link, 

however I believe that this is reflected throughout the industry as a whole. No 

interference experienced by personnel on board. 

 Vessel uses UHF communications for internal use only and has not experienced any 

blackouts other than those anticipated due to positional reasons. 

 MSI is reliable through NAVTEX. 

 We receive the following additional information via email 

o Satellite Ice information from AARI (Arctic & Antarctic Research Institute) 

o Hydrographic information from Yamal LNG Hydrographic Dept 

o WNI Ice information 

o We also utilize VSAT for online weather services such as Windy.com and YR.No 

 We use heated radomes and antennas and we also have a daily inspection to routine 

to ensure all antennas are free of ice build-ups. 

 Loran-C/E not equipped 

 Inertial Navigation System not fitted – but would be desirable 

4.3.2 Respondent 2: Coast Guard Vessel Operating Within the Arctic 

Respondent 2: Summarised Findings (Appendix 3 refers): 

GNSS 

 KV Svalbard primarily gets position information from GPS, and use standard GPS 

equipment (two GPS sensors).  

 They also have DGPS. The position accuracy can change from one day to the next, and 

vary with weather.  

 Overall, GNSS works well, also far north.  

 The ECDIS will alarm if the accuracy becomes very low.  

 They have been to 84 degrees north and did not notice issues with position or update 

frequency.  

 Independent of being in the arctic or not, mountains and narrow fiords can be a 

challenge for GPS coverage. 

 In any case, a navigator said that they don’t need very high accuracy: when they are 

far from land they don’t care if the accuracy is 10 or 80 meters, for example.  

 When they are in the arctic, the nearby ice conditions are much more important than 

accurate position. 
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 This vessel does not receive any reports on ionospheric anomalies and/or sunspot 

activity. 

 The crew regularly navigate without relying on GPS – especially during inshore 

navigation.  

Heading Measurement 

 KV Svalbard is equipped with two gyro sensors (ring laser gyroscopes),  

 They have not experienced any issues with the gyrocompasses 

 This vessel does not use a magnetic compass. 

Water depth determination 

 This vessel carries a standard echo sounder.  

 Depths are continuously uploaded to a system called Olex125, so that they can access the 

depth later.  

 However, the quality is apparently not very accurate, and cannot be used by the 

mapping authorities for creating seafloor maps.  

 The navigators have not experienced cold water challenges.  

Charts and Hydrographic Data 

 In general, the charts for the areas of operation are not very accurate.  

 This vessel therefore takes extra precautions when navigating close to shallow water.  

 They use the software Olex as a supporting navigational tool, especially in areas where 

the charts are inaccurate.  

 The Olex system is used extensively by fishing vessels.  

 Through this system, vessels send data collected through their echo sounders, and send 

it to the Olex Company, which then distributes the data back to all the vessels.  

 The data helps the vessels avoid wrecks, large rocks etc. There are different layers in 

Olex: 

o Your own vessel’s historical tracks (including measured depth) 

o New data from the Norwegian mapping authorities, which hasn’t been made 

public yet (the coast guard gets access to this data before it’s made available to 

the public) 

o Historical tracks (and depth measures) from other vessels 

 With ECDIS they use the regular projection (WGS 84 and Mercator) and not any specific 

map projection for the arctic.  

                                                           
125 See: http://www.olex.no/ 

http://www.olex.no/


SEDNA D3.6 

77 

 

 This is not a problem. A navigator commented that if they go to the North Pole (which 

they will try this summer), the ECDIS won’t be an important source of information 

anyways. What they will care about is the ice conditions, and they can’t get that in ECDIS. 

They are not able to add satellite maps or ice charts into ECDIS. 

 The coast guard have developed their own chart application, in which they can import 

all kinds of geographical data, including satellite maps and ice charts. However, this 

application is classified, so we did not get to learn much about it.  

Arctic Communication: 

 VHF: They have not experienced any problems with VHF in the arctic. The opposite can 

happen: if the atmospheric pressure is high the signals can go very far. They use VHF for 

communicating with their fast rescue boats. 

 UHF: they use this internally on the vessel. In order to communicate between the floors, 

they have installed antennas and wires that transmit the signal on the ship. They have not 

experienced problems with UHF in the arctic. 

 For communicating beyond line of sight, however, they are affected by solar storms and 

sunspots: 

 HF: HF is the primary means of communication. This works well all over the globe, and 

should in theory work all the way to the North Pole. They can also adjust the frequencies 

within the HF range. The military use their own (classified) frequencies. They can 

experience some noise in arctic areas, for example caused by solar storms. There can also 

be some difference between the seasons: summers are usually a bit better than winters. 

 Inmarsat. Used for phone (and data?). Svalbard is in a blind spot between the cover area 

for two satellites (Atlantic Ocean and Indian Ocean), but still there is usually connection 

around Svalbard. They have a gyro stabilized antenna pointing towards the satellites. They 

lose Inmarsat connection when they go beyond 78-79 degrees north (another navigator 

said 80-81 degrees). Then they use Iridium.  

 Iridium: Used for satellite phone as well as data in the arctic. A problem with Iridium is 

that they can lose connection quite often, because each satellite is available only for a 

short time. Can also be a problem in fjords. In addition, there might be glitches if the data 

has to travel through many satellites on its way to the USA – the signal might sometimes 

have to go through as many as 8 satellites before reaching land.  

 The communications officer mentioned the Russian satellite system, which always has 2 

satellites above the arctic. But the Norwegian coast guard can’t use these. Apparently, 

Telenor is working on launching a new satellite. 
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 The communications officer said that the real conditions and their experiences match the 

theory. So, if you pick up the manual from any of the producers of the satellite equipment 

you will get a good explanation of how the system works and the limitations. 

 Navtext: they have the equipment, but it is not used anymore. 

 Cold weather and icing can affect externally placed equipment such as antennas. Can be 

a problem if it is cold, combined with wind and spray of water. KV Svalbard has installed 

heating cables in the hull and deck of the ships, which in general prevents icing. 

 The coast guard regularly have researchers and developers onboard to test new 

equipment. For example, Kongberg Seatex have installed Maritime Broadband Radio on 

KV Svalbard. Can be used for sending files up to 7 MB between vessels. Can also be used 

for sending live video feeds, for example from a drone. The radio they installed has short 

reach (about 6 NM). They used it previously to get satellite images from another vessel 

which had better access to images. 

 

5. Research Analysis 

5.1 Arctic Navigation Technology 

5.1.1 Generic Arctic GNSS Considerations 

The technical review highlights that the current GNSS landscape in terms of satellite constellation and 

augmentation services is somewhat limited in terms of accuracy and reliability within the Arctic 

regions. The traditional GNSS services such as GPS, GLONASS and the newly operational Galileo, along 

with global augmentation services appear to be designed with mid-latitude regions in mind with 

reported limitations ranging from 70° - 75° north and beyond. Additionally, while this research has 

presented that GNSS accuracy and reliability are influenced substantially by external factors such as 

ionosphere disturbances and solar activity, the prediction and algorithmic interventions employed do 

not appear to take into account the amplified nature of such disturbances within the Polar Regions. 

However, in relation to the potential effects on Arctic navigation, although the technical review cites 

a number of quantitative studies which provide examples of reduced accuracy and periods of 

interrupted signal loss as a result of atmospheric and space disturbances, findings from interviews and 

engagement with industry sources regularly operating within the Arctic suggest that GNSS signal 

interruption is somewhat rare, with continuous high precision accuracy being experienced within the 

Northern Sea Routes. Furthermore, one of the vessels reported being as far north as 84° and did not 

experience signal loss or interruption. While such findings would suggest that this is not necessarily a 

https://www.kongsberg.com/maritime/products/maritime-communication/maritime-broadband-radio/maritime-broadband-radio
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primary concern for end-users, given that the data models suggest that GNSS and augmentation signal 

accuracy and reliability should diminish north of 70° - 75°, any suggested reliability should be treated 

with caution as increased shipping activity would increase the frequency in which vessels operate 

within these regions and the likelihood in which signal loss or drop outs may be experienced. 

Furthermore, with industry regulatory requirements providing specific and strict guidelines on GNSS 

accuracy limitations, any environment which poses a risk of reduced accuracy should be treated with 

caution if the Arctic is to be considered a safe, efficient and somewhat routine route for 

transportation. Additionally, regardless of latitude, findings from the vessel operating within the 

Svalbard region and the Northern Norwegian coast highlights that the unique topography of these 

regions pose a number of unique Arctic challenges, in which high mountain and fjord regions can limit 

GNSS availability.  

5.1.2 GNSS Reliance within the Arctic 

The technical review has highlighted the need for reliance on GNSS as the primary source of 

positioning and navigational data in terms of e-navigation within the Arctic. In effect, GNSS is in itself 

a major coping mechanism and mitigation strategy used to overcome the extreme environments 

associated with the Arctic. In terms of the rationales behind this, cited challenges associated with 

terrestrial navigational methods as a result of topography variances and the presence of ice and snow 

cause a number of challenges for Arctic stakeholders. Findings from respondent 1 support the 

proposed extensive reliance not only in terms of conventional mainstream navigational and 

positioning data, but also in terms of virtual e-navigation. This is of particular relevance during the 

winter months as virtual AIS based buoys which will have been deployed and derived from GNSS data 

are used in place of terrestrial traditional navigational marks which can be displaced by ice or snow. 

While respondent 2 would suggest that traditional coastal or terrestrial navigation methods are 

employed within coastal regions, it would appear that these methods are also used as a result of GNSS 

signal interruption due to the unique topography of some areas of operation within the Norwegian 

Arctic regions. Furthermore, as a coast guard vessel with extensive experience transiting regularly to 

these areas, a certain level of local knowledge is available which can facilitate more effective use of 

terrestrial means, a finding also supported by SEDNA D3.5. Such local knowledge will in most cases 

not be available to commercial components of the shipping industry as a result of the     global 

transport nature and need to operate in a multitude of geographical locations.  

5.1.2 Using GNSS within the Arctic 

While numerous technical and research sources provide evidence supporting the limitations 

associated with GNSS within the Arctic, recent EU funded research completed by the EU-Polar 

Network focusing specifically on Polar GNSS use and limitations while acknowledging the much 
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supported presence of GNSS limitations at higher latitudes, presents findings which suggest that the 

limitations within their current form do not necessarily pose a significant threat to operational and 

scientific end-users126. However, regardless of such findings, the extensive quantitative research and 

geomatics data which demonstrates the limited reliability of GNSS signals beyond 75° suggests that 

such limitations are not only present, but likely to be experienced by end-users on a more regular 

basis as the volume of shipping increases. While respondents 1 and 2 do not cite any concerns in 

relation to such coverage, the fact that both vessels are equipped with the means of receiving GNSS 

signals from varying GNSS service providers (GPS and GLONASS), would suggest that redundancy in 

the event of GNSS signal loss is a concern for end-users, while also serving as a coping mechanism and 

mitigation strategy. Furthermore, in terms of augmentation, the lack of critical infrastructure within 

the higher latitudes needed to enhance augmentation coverage is as a direct result of the extreme 

and harsh environments associated with the Arctic and the challenges that such conditions bring in 

terms of developing and maintaining any type of critical infrastructure. As these conditions are not 

likely to change in the near future, the ever present nature of these challenges call for a need to 

develop smarter innovations which are not directly impacted by such conditions. An example of such 

innovations include space based technology.  

In terms of atmospheric and space disturbances, while research data not only supports their existence 

and potential negative effects on GNSS signal integrity, their real-world effects and indeed 

prioritisation from an end-user perspective are difficult to determine. In terms of technology 

developments, as these influences are not Arctic specific, algorithmic prediction and adjustment 

interventions have been incorporated into the mainstream GNSS service providers (GPS, GLONASS 

and Galileo). While these interventions have been effective within the mid-latitudes, the amplified 

nature of such influences within the Arctic region suggest that such technical interventions have not 

been designed with the extreme Arctic atmosphere in mind calling for a need to develop Arctic specific 

algorithmic solutions. However, from an end-user perspective, as outlined by respondents 1 and 2, as 

these vessels do not receive notifications of disturbances which are available from numerous 

reputable forecasting sources, it is possible that the mainstream algorithmic GNSS interventions are 

providing the necessary adjustment for GNSS signals. While end-user perspectives suggest a lack of 

priority within this area, in the absence of any Arctic specific validation, the interventions within their 

current form should be assessed specifically in relation to their Arctic reliability. Furthermore, EC 

Galileo developments designed specifically to address these challenges suggest that while they are 

                                                           
126 See EU Polar-Net D3.6: https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-
polarnet.eu/Members_documents/Deliverables/WP3/EU-
PolarNet_D3.6_Gap_analysis_of_space_programmes_final.pdf 

https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP3/EU-PolarNet_D3.6_Gap_analysis_of_space_programmes_final.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP3/EU-PolarNet_D3.6_Gap_analysis_of_space_programmes_final.pdf
https://www.eu-polarnet.eu/fileadmin/user_upload/www.eu-polarnet.eu/Members_documents/Deliverables/WP3/EU-PolarNet_D3.6_Gap_analysis_of_space_programmes_final.pdf
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not of direct concern to end-users now, from a policy and geopolitical perspective, they are deemed 

to be of significant strategic importance, highlighting a need to develop a long term and 

technologically advanced coping strategy for safe and reliable Arctic GNSS use.  

5.1.3 GNSS Technology Developments 

A number of GNSS developments are taking place which can potentially provide solutions and coping 

strategies for the aforementioned limitations associated with accuracy and signal integrity. Firstly, in 

the broad sense, the continued development and expansion of mainstream GNSS providers (GPS, 

GLONASS and Galileo) suggest that these services will continue to be maintained and improved upon 

in terms accuracy as they are an intricate part of not only maritime transport, but in the broader sense 

how we live as a society. While these developments have not focused on Arctic specific challenges, 

any developments or upgrades which are implemented within the mainstream latitudes are likely to 

be experienced within the Arctic, albeit not with the same net result. Specific to Arctic themed 

innovations, with a major part of the Galileo modernisation programme consisting of the development 

of a receiver autonomous integrity monitoring system designed to specifically address Arctic 

challenges, this technology has the potential to deliver significant reductions in the risks associated 

with safety of life at sea within the Arctic by addressing GNSS limitations, and providing a coping and 

mitigation strategy which could alleviate a significant proportion of the risks associated with GNSS 

signal disruption. It is anticipated that this programme will develop the algorithmic solutions necessary 

to address atmosphere and space based GNSS signal disruptive influences within the Arctic. 

Furthermore, the programme sets out to reduce the reliance on augmentation services within Galileo, 

making use of signal cross check functions to improve signal integrity, while also increasing both 

horizontal and vertical position line accuracy. This technology also has the potential to address the 

challenges associated with placing augmentation infrastructure within the Arctic latitudes as such 

inputs will not be a critical requirement for achieving signal accuracy.  

The emergence of more geographically localised GNSS services such as those discussed in the context 

of Japan and India highlight a potential opportunity, solution, and coping mechanism for addressing 

GNSS limitations within the Arctic. Up until now, the global focus has been to develop services and 

place satellite constellations designed to provide world-wide navigation, positional and timing 

services. The concept of placing satellite constellations in a position designed to specifically address 

the needs of a particular region demonstrate a fundamental shift in GNSS design and deployment 

considerations which if applied to Arctic contexts, could offer more localised solutions either in the 

context of the Arctic in its entirety, or various countries/regions with a geographical presence within 

the Arctic. Although macro-economic drivers will determine an individual nation’s capacity to deploy 
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such solutions, contemporary economic developments in space technology design and deployment, 

specifically in relation to increased commercial players and competition within the market will more 

than likely result in more streamlined cost effective solutions.   

The advent of multi-constellation GNSS receivers provides a technical solution which can address 

certain Arctic GNSS limitations. As outlined within the technical review, variances exist between GNSS 

service providers in relation to the coverage available for end-users within Arctic. Furthermore, as a 

result of the varying orbital planes in which satellites constellations are placed, there may be instances 

in which the combined coverage of more than one GNSS service provider could provide the necessary 

signal integrity and accuracy to alleviate GNSS signal limitations. While respondents 1 and 2 have 

outlined that their vessels carry both GPS and GLONASS receivers in order to provide a certain level of 

redundancy, an inability to merge signals from multiple GNSS providers limit the level of redundancy 

and the effectiveness of the employed coping strategies within these e-navigation aids, highlighting a 

need for continued multi-constellation GNSS receiver development.  

While used primarily in the context of indoor navigation, the use of pseudolite satellite systems 

provide a potential solution for addressing GNSS limitations, primarily within a localised short range 

context. While previous research focuses have not addressed Arctic specific contexts, the potential 

use of pseudolite systems in geographical areas which are lacking in constellation and augmentation 

coverage suggest that there is scope for such interventions to reduce GNSS limitations in regions such 

as the Arctic. Furthermore, in considering the topography challenges highlighted by respondent 2 in 

which the presence of mountains and fjord type land masses transcend conventional Arctic 

challenges, such interventions could potentially provide localised GNSS coverage solutions for such 

areas. While this is an area is in need of additional empirical investigative efforts, the use of pseudo 

or virtual type aids to navigation is a concept tried and tested in the form of virtual buoys, and 

proposed to be of extreme benefit to Arctic operations as outlined by respondent 1. Such 

interventions are therefore an example of a coping strategy which could not only mitigate against the 

risks of operating at higher geographical latitudes, but could also address land topography 

considerations.  

Further interventions which do not rely on land based infrastructure are that of transmitting 

augmentation or differential data via satellite infrastructure such as the iridium network. As a well-

established method of Arctic satellite communication, in terms of signal integrity, this network is 

ideally placed to transmit such data. The technical review presented research findings which 

demonstrated minimal signal interruption during transmission trials of such interventions. This 

technology can again potentially mitigate against the risks of GNSS signal integrity associated with 
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placing and maintaining critical augmentation infrastructure within challenging environments such as 

the Arctic.  

5.1.4 Heading Measurement – Gyro Compass Technology 

While numerous sources present shortcomings in relation to gyro compass technology, highlighting 

numerous technical and mechanical factors which can lead to heading inaccuracies, industry 

engagement would suggest that such limitations do not pose a significant challenge or indeed risk to 

Arctic shipping as a result of gyro compass technology developments. While traditional mechanical 

gyros which are still widely in use throughout the shipping industry today would appear to have a 

number of limitations, the respondent vessels cite the use of contemporary fiber optic and laser ring 

gyros which are less susceptible to the errors and limitations associated with traditional mechanical 

units. The respondents also cite the use of a GNSS based compass as a means of providing redundancy 

for the fiber optic and ring laser gyros. Furthermore, respondent 1 outlines that the likelihood of fiber 

optic gyro and GNSS compass inaccuracies or failures were risk assessed as part of the ship building 

process, in which the likelihood of such failure being deemed to occur was suggested to be “remote”. 

While technologies such as the gyros used on board these vessels were designed in the 1970s and 

1980s, and are mature from a design and engineering perspective, as they were designed initially for 

military purposes, their use on board commercial vessels is a development which has only taken place 

in recent times. The solutions therefore needed to address heading challenges associated with gyro 

compasses could therefore be the use of technologies which are not reliant on traditional mechanical 

components, and therefore less susceptible to the unique geographical characteristics of Arctic 

regions. Furthermore, the employed coping mechanisms used to address the Arctic e-navigation 

challenge would appear to focus on providing redundancy for the primary heading measurement 

means e.g. the use of two gyro compasses, and the availability of a true heading measurement 

capability external to gyro in the form of GNSS.  

5.1.5 Heading Measurement – Magnetic Compass Technology 

While magnetic compasses offer a mechanically simplistic means of heading and bearing angle 

measurement, the inevitable inaccuracies and numerous external geomagnetic and geographical 

influences pose a number of significant challenges when attempting to navigate with accuracy. 

Furthermore, findings from respondents 1 and 2 suggest that this technology is considered a last 

resort level of redundancy as there is very little confidence in its ability to provide any level of accuracy. 

This is further highlighted by the fact that the respondents on board vessel no 2 do not carry or make 

use of magnetic compasses. While this technology would appear to be redundant from a precision or 

day-to-day navigation perspective, the mechanical simplistic nature of this technology does at the very 
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least offer a solution for vessels and crews who may find themselves in emergency situations and in 

need of estimated heading information which can be derived from sources not reliant on electrical or 

mechanical sources. As a coping mechanism, the magnetic compass alleviates the risks associated with 

the effects of catastrophic electrical or mechanical disruptions which will result in gyro and GNSS 

compass failure. 

5.1.6 Arctic Hydrography 

While hydrographic focuses have highlighted a number of limitations and indeed extreme variations 

between nations in terms of survey efforts, a number of technical limitations within e-navigation 

systems – primarily ECDIS units highlight a number of short comings for end-users attempting to 

operate vessels within the Arctic. From a primary research perspective, respondent 1 – a vessel 

operating in a mainstream shipping area within the Arctic which has experienced extensive survey 

efforts by the Russian government suggests that inaccurate data is not a challenge for this vessel. 

However, respondent 2, a coast guard vessel operating outside of mainstream shipping routes support 

the proposed unreliable nature of survey efforts and chart publications. While these areas may not 

experience regular shipping activity in terms of commercial transport, additional sectoral components 

such as fishing, leisure, and tourism could make use of such areas posing a significant safety risk. Given 

the complexity associated with achieving precision survey and cartography efforts, such limitations 

can only be achieved by addressing the quality and quantity of survey activities and data. An example 

of a potential short-term coping strategy which could mitigate against certain risk factors is that of the 

use survey and navigation software highlighted by respondent 2. While it has been highlighted that 

this data does not conform to the necessary rigor and accuracy associated with hydrographic survey 

efforts, in the absence of such survey data these technologies at the very least can provide guidance 

for end-users attempting to cope with Arctic navigation hydrographic shortcomings and challenges.  

In relation to more specific e-navigation limitations, the accidents presented within this section 

highlight more localised technical short comings. For example, one of the main cited causal factors in 

relation to the MV Hanseatic and Nanny groundings were not only a lack of hydrographic data, but 

also a lack of navigational buoys/marks within a channel. The deployment and maintenance of such 

markers can be challenging within the Arctic as a result of ice and snow. Technical interventions such 

as the virtual buoys highlighted by respondent 1 offer a technical solution for end-users and coping 

mechanism for deploying such markers during winter months. These buoys are virtual in nature and 

are presented in an overlay on ECDIS units, the data sources of which emanate from AIS network 

transmissions throughout ports and coastal areas. While virtual buoys are not a new initiative, their 

deployment is not common within the maritime sector, and they could potentially provide a simple 
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and cost effective technology solution for a terrestrial navigation challenge. The Clipper Adventurer 

grounding highlights another technical limitation associated with e-navigation, while also in effect 

questioning the level of integration present within bridge equipment. The reliance on bridge teams to 

manually compare temporary navigation notices with chart data displayed on an ECDIS highlights a 

significant technical shortfall within this technology. Consideration should therefore be given to 

developing a level of integration which facilitates efficient overlaying of such data on to navigation 

charts displayed on ECDIS units. Such a development would provide end-users with a real time and 

efficient coping mechanism to deal with the limited hydrographic survey data available in certain 

Arctic regions.  

5.2 Arctic Communication Technology 

5.2.1 GMDSS Developments 

The upcoming incorporation of the iridium satellite network in 2020 is a significant game changer in 

terms of Arctic maritime safety. As a well-established reliable means of satellite communication within 

the Arctic, this service offers the scope to address the technology gap associated with GMDSS satellite 

coverage within higher latitudes both in terms of routine and safety communication. While 

respondents 1 and 2 highlight service disruption and signal loss at higher latitudes, both vessels make 

use of iridium once signal loss occurs within mainstream sat comms systems. This development 

therefore provides a solution to a global Arctic challenge which will revolutionise how end-users cope 

with Arctic communication limitations. Additionally, the development of VDES, specifically in relation 

to data transmission, offers a technical solution for Arctic communication, providing cost effective and 

efficient means of providing real time data which is critical for end-users within the Arctic in the 

context of MSI, weather, and sea ice data. Furthermore, from a day-to-day operations perspective, 

this technology provides a means for shipping companies to remote monitor cargo and engine 

management systems. 

5.2.2 Arctic Satellite Broadband Coverage 

External to iridium and GMDSS developments, economic drivers are spurring the development and 

deployment of numerous satellite broadband systems which are likely to have significant global 

coverage implications including Arctic regions. Systems such as OneWeb and Starlink, scheduled to be 

operational by 2021 and 2025 respectively, highlight satellite broadband development trends which 

are focusing on providing extensive global coverage. Additionally, dynamic systems such as Canadian 

telesat offer smarter communication solutions which could facilitate greater coverage within the 

Arctic as the system is designed to actively allocate service capacity were needed in terms of coverage 

and data usage. Additionally, satellite deployments such as Space Norway’s programme which is 
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designed to specifically address the broadband coverage within the high north, highlight additional 

technology innovations likely to improve Arctic communications for end-users, and provide additional 

coping mechanisms in relation to the challenges associated with downloading critical safety and 

forecast data. 

5.2.3 Arctic Earth Observation Developments 

Continued developments in earth observation capabilities are likely to improve maritime safety and 

security within the Arctic. Improved sea ice detection will provide vessels with more real time and 

accurate sea ice data which will facilitate improved decision making for end-users operating within ice 

affected regions. Additionally, ship detection capabilities will not only improve vessel monitoring and 

traffic services within the Arctic, but they should also facilitate more efficient monitoring and 

detection of vessels in difficulty or distress. 

5.2.4 Arctic Radio Communications 

While the technical review highlights numerous sources of interference associate with radio 

communications within the Arctic, findings from respondents 1 and 2 suggest that UHF, VHF and HF 

radios operate proficiently within these regions, with little or no signal disruptions being experienced. 

In terms of industry perspectives/trends, respondent 1 suggested that HF was no longer essential as 

a primary means of communication, citing industry norms and improved satellite coverage as the 

primary factors. Respondent 2 highlight a significant reliance on HF networks, however such an 

alternating view is no doubt as a result of the military specific communication requirements and 

additional security measures which mainstream satellite communications simply cannot provide.  
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6. Technology Solutions and Developments 

6.1 Arctic Navigation Technology 

Arctic Navigation Technology Solution Development Roadmaps 

GNSS Coverage Limitation Description What can be done? Current Situation Future Developments Scope to simulate 

Dual Constellation 
Receivers  

 Single constellation 
receivers widely used 
throughout the industry 
limit an end-user’s 
ability to attain 
increased GNSS 
coverage. 
 

 Vessels are carrying 
various individual GNSS 
receivers which 
although provide 
redundancy for signal 
loss from one GNSS 
service, do not facilitate 
potential signal 
integration. 

 
 

 Facilitate GNSS signal 
integration 
throughout the 
various providers. 
 

 Develop receivers 
which can facilitate 
receiving dual GNSS 
frequency signals 

 Single constellation 
receivers widely used 
throughout the 
industry 

 EC Galileo 
modernisation 
programmes will be a 
key enabler to 
facilitate this. 

 Given the geomatics and 
algorithmic complexity 
associated with such 
solutions, simulation of 
such efforts is beyond 
the scope of SEDNA. 
 

 However, GNSS drop 
out and the potential 
gains to be gained from 
such developments 
could be demonstrated. 

Table 8 GNSS Dual Constellation Receiver Road Map 
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Arctic Navigation Technology Solution Development Roadmaps 

GNSS Coverage Limitation Description What can be done? Current Situation Future Developments Scope to simulate 

Atmosphere and 
Space anomaly 
disruptions  

 Atmosphere and space 
disturbance algorithmic 
interventions in 
mainstream GNSS 
systems are not 
designed with amplified 
Arctic conditions in 
mind. 

 Develop interventions 
which can cope with 
extreme Arctic 
conditions. 

 Technical review 
suggests that GNSS 
signals within the 
Arctic are more 
susceptible to drop 
out. 

 Galileo modernisation 
programme includes 
autonomous 
algorithmic 
interventions with a 
view to addressing 
Arctic Challenges. 

 Simulation of such efforts is 
beyond the scope of SEDNA. 
 

 However, GNSS drop out and 
the potential gains to be 
gained from such 
developments could be 
demonstrated 

GNSS Constellation 
Coverage 

 Mainstream GNSS 
constellation coverage 
does not cover the 
northern Arctic (Beyond 
70° – 75°N) 

 Expansion of 
mainstream GNSS 
services and 
constellations 

 Current orbital 
planes do not 
facilitate providing 
additional Arctic 
coverage 

 Galileo modernisation 
programme includes 
increased Arctic 
coverage. 

 In the absence of clearly 
defined constellation 
coverage, any efforts to 
simulate would provide 
speculative data at best 

   Development of 
localised GNSS 
services/constellation. 

 Such developments 
could consist of the 
Arctic as a whole, or 
individual Arctic nations 
with a footprint within 
the High North 

 Examples of such 
developments 
include Japanese 
and Indian national 
GNSS initiatives 

 No such plans in 
development 

 Similar to increased 
mainstream coverage, in the 
absence of clearly defined 
constellation coverage, any 
efforts to simulate would 
provide speculative data at 
best. 

Table 9 GNSS Signal Disruption | Constellation Coverage Roadmaps 
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Arctic Navigation Technology Solution Development Roadmaps 

GNSS 
Coverage 

Limitation Description What can be done? Current Situation Future Developments Scope to simulate 

Augmentation   Augmentation 
services are a critical 
ground based 
component of GNSS 
accuracy and 
reliability 

 

 Within the Arctic, 
harsh environmental 
conditions pose a 
number of challenges 
for deploying and 
maintaining technical 
infrastructure 

 Further expand Arctic 
augmentation infrastructure 

 

 As challenging conditions 
are likely to be continuously 
prevalent within the Arctic, 
smart space technology or 
algorithmic solutions could 
bridge the gap 

 

 The transmission of 
augmentation data via 
satellite communications 
has been tested and 
delivered promising results 
 

 The use of pseudolite 
satellites has been tested in 
contexts external to Arctic 
as a means of bridging 
constellations and 
augmentation gaps. Such 
innovations can provide 
localised increased 
positional and navigation 
accuracy.  

 Similar to GNSS 
constellation coverage, 
augmentation services 
and infrastructure 
continues to be limited 
beyond 75°N. 
 

 Iridium continues to be 
a widely recognised 
means of Arctic 
satellite comms. 

 
 
 

 Pseudolite satellites 
have been used 
primarily in the context 
of indoor navigation 
contexts. Further 
testing would be 
needed in order to 
determine their 
potential 
value/contribution 
within the Arctic. 

 Galileo modernisation 
programme includes 
receiver autonomous 
integrity monitoring 
system. One of the 
features of this system 
is to provide signal 
cross-check functions 
designed to reduce the 
level of reliability 
placed on 
augmentation type 
ground based 
infrastructure. 
 

 IridumNext and the 
incorporation of 
iridium into GMDSS 
suggests that the 
transmission of 
reliable augmentation 
data via satellite 
means will be possible 
within the Arctic. 

 Similar to increased 
mainstream coverage, in 
the absence of clearly 
defined constellation 
coverage, any efforts to 
simulate would provide 
speculative data at best. 
 

 Scenarios which involve 
the use of mock 
pseudolite satellites could 
be simulated. 

Table 10 GNSS Augmentation | Pseudolite Satellite Roadmaps 
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Arctic Navigation Technology Solution Development Roadmaps  
Heading Measurement 

Gyro 
Compasses 

Limitation Description What can be done? Current Situation Future Developments Scope to simulate 

  The technical review and 
stakeholder interviews suggest 
that gyro compass limitations are 
more pronounced in traditional 
gyro compasses which are reliant 
on mechanical components.  

 

 Laser ring gyros, commonly used 
in military vessels have significant 
cost implications and may not be 
conducive for certain sectoral 
components. 

 Fiber optic gyros offer a 
more cost effective 
solution for commercial 
shipping. 
 

 GNSS based compasses 
offer an additional cost 
effective solution and a 
potential redundancy 
measure for gyro based 
heading measurement. 

 

 When using traditional 
mechanically operated 
gyros, regular end-user 
cross checks should be 
completed. 

 Fiber optic gyros 
are in wide use 
throughout the 
industry. 

 Industry 
stakeholders 
suggest such 
technology provides 
an extremely 
accurate and 
reliable means of 
measuring heading 
within the Arctic. 

 GNSS compasses 
are reported to be 
deployed in more of 
a redundancy 
capacity as fiber 
optic gyros provide 
a greater level of 
accuracy. 

 Fiber optic gyros 
continue to become 
more cost effective, with 
industry developing units 
which are off the shelf 
and ready to deploy. 
 

 While GNSS compasses 
appear to be somewhat 
lacking in accuracy, 
albeit in fractions of 
degrees, future GNSS 
developments targeted 
at improving overall 
accuracy will no doubt 
positively influence GNSS 
compass performance.  

 Simulating specific 
compass characteristics 
beyond true heading or 
pre-set heading errors is 
the limit to which gyro 
compass considerations 
can be simulated. 
 

 Compass drop out as a 
result of Arctic 
influences can be 
simulated making use of 
a scenario in which an 
end-user experiences 
loss of gyro and must 
switch to an alternative 
means such as GNSS 
based headings.  

Table 11 Heading Measurement | Gyro Compass Roadmaps 
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Arctic Navigation Technology Solution Development Roadmaps  
Heading Measurement 

Magnetic 
Compasses 

Limitation Description What can be done? Current Situation Future Developments Scope to simulate 

  Major geographical and 
geomagnetic influences pose a 
number of limitations in terms of 
heading and bearing accuracy.  

 

 Significant magnetism challenges 
associated with a vessel’s 
magnetic signature within the 
Arctic in most cases render these 
compasses ineffective.  

 Widely recognised within 
the industry as a back-up 
measure in the event of 
catastrophic electrical or 
mechanical failure. 
 

 Additionally, these 
compasses can be 
deployed in emergency 
survival craft due to their 
non-reliance on electrical 
support.  

 Varying recognition 
of potential use and 
relevance. 
 

 The commercial 
vessel stated a 
magnetic compass 
is carried on board, 
however would not 
be relied upon in 
the event of gyro 
and GNSS failure. 

 

 The coast guard 
vessel does not 
make use of a 
magnetic compass 
in any capacity. 
 

 Future developments in 
inertia and GNSS 
compasses suggest that 
such technology may 
become irrelevant. 

 As this equipment is not 
deemed to be an 
essential e-navigation 
component, there is 
little or no need to 
simulate usage. 
 

 Furthermore, given the 
extreme variances 
associated with the 
accuracy of such 
equipment, and 
validation efforts 
associated with this 
equipment would be 
speculative at best.  

Table 12 Heading Measurement | Magnetic Compass Roadmaps 
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Arctic Navigation Technology Solution Development Roadmaps  
Arctic Hydrography 

Arctic Survey 
Data 

Limitation Description What can be done? Current Situation Future Developments Scope to simulate 

  Technical review findings 
suggest significant 
geographical variations in 
relation to accurate survey 
data. Primary research 
findings support this, with 
respondent 1 stating that the 
NSR is surveyed to an 
extreme level of accuracy, 
while respondent 2 highlight 
significant survey data gaps 
in areas removed from 
primary shipping routes. 
 

 While these limitations may 
not effect shipping, sectoral 
components such as fishing, 
tourism and leisure could be 
effected.  

 Given the complexity 
and level of 
precision accuracy 
associated with 
hydrography and 
survey efforts, it 
would appear that 
such limitations can 
only be addressed by 
completing 
extensive 
hydrographic survey 
efforts to the level of 
accuracy and 
precision 
experienced within 
mid latitude regions. 

 Respondent 2 
outlined survey 
efforts which are 
completed on 
board their vessel 
which is then 
uploaded to 
navigation support 
software and used 
as a guide within 
these areas. 
 

 However as this 
software and 
indeed others like it 
do not meet strict 
hydrographic 
criteria, the data 
cannot be legally 
used or relied upon 
for navigation. 

 The review suggests 
that survey efforts 
within the Arctic will 
continue, however 
progress will be 
slow as a result of 
the extreme 
conditions 
experienced within 
the Arctic.  

 Apart from highlighting what is 
already a significant challenge 
and limitation, simulating limited 
hydrographic data will not 
provide any significant Arctic 
Navigation validation.  

Table 13 Arctic Hydrography | Arctic Survey Data 
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Arctic Navigation Technology Solution Development Roadmaps  
Arctic Hydrography 

 Limitation Description What can be done? Current Situation Future Developments Scope to simulate 

ECDIS Units  Survey limitations pose a 
number of challenges for ECDIS 
units as their effectiveness will 
be limited to the accuracy of the 
available survey data. 
 

 Additionally, in terms of 
terrestrial navigation, challenges 
and limitations associated with 
inadequate navigational 
buoys/markers have resulted in 
a number of groundings within 
the Arctic. Furthermore, the 
review has highlighted 
shortcomings in relation to the 
manner in which temporary 
survey data or newly discovered 
navigational hazards can be 
presented on ECDIS units, 
highlighting a number of 
technical integrative 
shortcomings.  

 

 The placement of 
virtual buoys would at 
the very least provide 
end-users with 
additional safety 
referencing and 
orientation display on 
ECDIS units which 
would facilitate 
effective passage 
planning and 
monitoring. 
 

 Furthermore, the 
overlaying of virtual 
buoys on head up 
displays or AR 
interventions would 
allow end-users to 
relate chart data to 
real-world 
observations. 

 Respondent 1 cited 
use of virtual buoys 
during winter month 
periods in which 
marker buoys become 
unreliable. However, 
there is limited 
evidence to support 
wide spread use given 
the fact that a 
number of groundings 
have occurred as a 
result of poorly 
marked navigational 
channels. 

 In terms of newly 
discovered 
navigational hazards, 
such data will not be 
updated to an ECDIS 
unit until it becomes 
an official temporary 
or permanent notice. 
End-users are 
therefore required to 
check additional 
safety information 
sources which are not 
integrated with 
current electronic 
aids to navigation. 

 Although virtual buoys 
are not a new concept, 
their wide spread use 
could address the 
challenges associated 
with maintaining 
navigation 
markers/buoys within the 
Arctic. 

 The use of AR technology 
or heads up displays 
would allow end-users to 
quickly orientate chart 
data with the real world 
environment. 

 The use of AR technology 
to overlay newly 
discovered navigation 
hazards would alleviate 
the limitations associated 
with the level of 
integration between 
ECDIS units and 
temporary maritime 
safety information 
broadcasts. 
 

 Virtual buoys and their 
potential benefits can be 
simulated. 
 

 AR design concepts for virtual 
buoys and newly discovered 
navigational marks could at 
the very least be trialled 
during safe arctic bridge design 
workshops  

Table 14 Arctic Hydrography | ECDIS 



SEDNA D3.6 

94 

 

6.2 Arctic Communication Technology 

Arctic Communication Developments Roadmap 
 

GMDSS Limitation Description Current 
Developments 

Impact Future Capabilities 

  Similar to GNSS, current 
limitations in GMDSS 
coverage within Arctic 
latitudes are prevalent at 
latitudes beyond 70°-75°N. 
 

 Such limitations have 
extreme safety implications 
for vessels operating within 
these regions. 

 The incorporation of 
the iridium network 
into GMDSS by 
2020. 

 While like any satellite 
communication system, the 
incorporation of iridium will not 
alleviate all service disruptions. 

 However, as a well-established 
global voice and data transmission 
capability used throughout the 
Arctic, the incorporation of this 
network offers the scope to 
provide satellite communication 
similar to those experienced within 
mid-latitude regions. 

 Potential platform to transmit 
augmentation navigation 
correctional data. 

 Continuous uninterrupted day-to-day 
operational, maritime safety and 
emergency satellite communication 
within the Arctic.  

     

VDES  Current bandwidth 
limitations within the Arctic 
satellite communications 
limit the quality and 
availability of critical day-to-
day maritime safety 
information. 

 VDES developments 
offer bandwidth 
solutions. 

 Greater access to real time 
maritime safety information. 

 Improved AIS coverage resulting in 
more efficient vessel monitoring 
which will in turn have a number of 
positive maritime safety and 
security implications. 

 

 Continuous and near to uninterrupted 
high quality data transmission 
capabilities within the Arctic. 

Table 15 Arctic Communication | GMDSS | VDES 



SEDNA D3.6 

95 

 

 

Arctic Communication Developments Roadmap  
 

Satellite 
Broadband 

Limitation Description Current Developments Impact Future Capabilities 

  Limited broadband and 
data transmission 
coverage. 

 Numerous global 
satellite broad band 
coverage initiatives 
currently underway. 

 Canada and Norway 
developing Arctic 
specific satellite 
broadband initiatives 
which will improve 
data coverage within 
the maritime and land 
domains. 

 Greater access to real time 
maritime safety 
information. 

 Potential platform to 
transmit augmentation 
navigation correctional 
data. 

 Continuous uninterrupted day-to-day 
satellite coverage in localised areas within 
the Arctic.  

     

Earth 
Observation 

Earth observation 
undergoing continued 
developments in relation to 
coverage within the Arctic. 
Data analytics in relation to 
sea ice detection and vessel 
tracking continue to 
experience developments. 

 Numerous satellite 
launching initiatives in 
order to address 
coverage challenges. 

 Application of smart 
algorithmic analysis 
methods and AI. 

 Increased earth 
observation coverage for 
environmental monitoring, 
and maritime specific 
factors such as sea ice 
detection, weather and 
vessel tracking. 

 Improved data quality as a 
result of the application of 
data analytics. 

 Continuous and near to uninterrupted 
high quality earth observation coverage 
within the Arctic. 

Table 16 Arctic Communication | Satellite Broadband | Earth Observation
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7. Conclusions 
D3.6 has fulfilled the e-navigation and arctic communication review and solution identification aspects 

of SEDNA WP3 – Safe Arctic Navigation, while also contributing to the overall development of a safe 

navigation paradigm within Arctic contexts. The report presents findings from an extensive technical 

review of Arctic navigation and communication technologies, while presenting solutions, mitigation 

strategies, and coping mechanisms which can facilitate safe and efficient Arctic maritime transport. 

The report findings outline solutions and coping mechanisms which can be simulated within the 

project, while also highlighting technology and industry developments which are likely to have 

significant influences on the current maritime landscape, and technical limitations of navigation and 

communication technology as a whole. 

7.1 Arctic Navigation Technology 

Arctic navigation technology has been reviewed presenting the technical, design and operational 

characteristics of mainstream e-navigation used throughout the sector. The review presents a number 

of Arctic specific limitations associated within these technologies, while presenting a range of relevant 

coping mechanisms, risk mitigation strategies, and future technology developments and indeed 

possibilities which could play a role in influencing maritime transport safety from an e-navigation 

perspective. The primary research efforts present real-world perspectives on the outlined limitations, 

while also capturing a number of coping mechanisms applied to e-navigation technology when used 

within the Arctic context. Finally, the analysis section further expands on the research efforts, making 

use of critical and inductive analysis methods to formulate additional coping strategies, while also 

formulating SEDNA simulation possibilities which are presented in section 6. 

7.2 Arctic Communication Technology 

The Arctic technology review section provides an outline of the maritime communication regulatory 

framework, while also presenting design and operational characteristics, capabilities, and limitations. 

Maritime SAR considerations are presented, highlighting Arctic specific challenges and the limitations 

imposed in relation to maritime safety and distress. Finally, this section presents a number of global 

initiatives which will have a significant impact on maritime communication technology uses within the 

Arctic. The incorporation of Iridium into the GMDSS network stands to revolutionise maritime safety 

and communication, providing a level of continuous coverage  near to that experienced within mid 

latitude regions. Finally, these findings have outlined how macro-economic drivers within the space 

technology sector are presenting opportunities for increased global satellite broadband coverage, 

highlighting upcoming Arctic satellite broad developments which are likely to address arctic 

communication platform limitations.  
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8. Appendices 

8.1 Appendix 1 – Primary Research Questionnaire 

Global Navigation Satellite Systems  
Our literature suggests that, for the following reasons, GNSS-based positioning is less accurate at 
locations above the Arctic Circle than at lower latitudes: 

 GNSS satellite transmissions transiting to Earth are disrupted by variable conditions in the 
upper atmosphere that result from interaction between gas in the atmosphere and space 
weather – X-rays, radio bursts, Solar Extreme Ultraviolet Irradiance (EUV), Solar Energetic 
Particles, and Geomagnetic storms. Certain phenomena, for example EUV, varies in intensity 
on a daily and seasonal basis that can be accurately predicted by models based on Earth 
observation so ionospheric corrections can be routinely broadcast by GNSS satellites along 
with other data needed by receivers for fix calculations, but the effects of other events (e.g. 
solar storms) cause extreme variations lasting minutes, hours or even days, cannot be forecast. 
Unusual levels of position fix inaccuracy and drop-outs in service occur in regions most 
susceptible to variations in ionospheric conditions caused by EUV and X-Rays (equatorial areas 
and the poles) and in Auroral zones, where the Earth’s magnetic field flux lines converge and 
funnel charged particles earthwards.  
 

 Satellites in GLONASS, GPS and Galileo constellations, the three GNSS constellations available 
for Arctic navigation, do not pass overhead observers located at latitudes higher than about 
65oN. Signals transmitted from satellites at shallow viewing angles are exposed to ionospheric 
interference for longer than signals received by observers for whom the satellite passes directly 
overhead, resulting in nosier signals and greater range error. Moreover, although this viewing 
geometry does not impact horizontal fix accuracy, it significantly reduces accuracy of height 
measurements.  
 

 Accuracy one expects from satellite navigation at lower latitudes is principally accounted for 
by correction data that allows receivers to correct clock bias and orbital location error relating 
to satellites being used to calculate fixes. Satellites transmitting augmentation data are not 
part of the navigation satellite constellation, rather they are in geostationary (equatorial) orbit 
too low above the horizon to be ‘seen’ by receivers located above 72oN although some GNSS 
receivers allow correction data received by means other than directly from an augmentation 
service satellite, e.g. over the Internet (SISNeT), to be injected into fix calculations. 
Furthermore, effectiveness of augmentation depends on the ground reference stations that 
detect navigation satellite clock and orbital path anomalies being close to the area in which 
receivers are being used. Even if GNSS receivers in the far north were capable of receiving an 
augmentation services, the lack of transport and communications infrastructure in the Arctic 
which makes it impossible to locate tracking stations in the immediate vicinity would reduce 
augmentation effectiveness compared to that at lower latitudes. Accuracy of GNSS positioning 
in the Arctic above about 72oN may therefore be limited to the order of tens of metres rather 
than sub-metric values commonplace at lower latitudes.   

Firstly, we would like to know whether degraded GNSS performance impacts day-to-day navigation at 
high latitudes. 

1) If accuracy of GNSS positioning at Arctic latitudes is an issue that concerns you, can you 
comment on items listed below: are they indeed valid concerns and how would you rate 
them in terms of importance? Based on real-world experience, would you add items to 
the list? 

 High incidence of brief GNSS service drop-outs.  
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 Generally poor 2-D fix accuracy (high HDOP values). 

 Poor 3-D fix quality (high VDOP values). 

 Sporadic and sudden extended periods of service loss.  
 

2) If GNSS service drop-outs are an issue, do they occur at random times, or follow a 
predictable daily pattern so problems can be anticipated? 

3) It has been suggested that Aural zone activity is not a problem in the Northern Sea 
Route/Northeast Passage as the zone is centred well to the west, but examination of space 
weather website shows this not necessarily to be the case. Do you associate GNSS errors 
with Aural activity, if so, what action do you take on your vessel to mitigate consequences? 

4) In regard to GNSS performance, do you use a space weather forecasting service (e.g. 
‘https://www.swpc.noaa.gov/communities/global-positioning-system-gps-community-
dashboard’) to anticipate periods when accuracy might be an issue?  

5) Would it be fair to say that, in the context of Arctic navigation, GNSS position accuracy is 
not the problem, rather that lack of correlation between actual geographic position and 
marked positions of landmasses and/or shallow water is the primary hazard? 

These next questions relate to how well is GNSS systems integrate with other bridge equipment, in 
particular how well they interact with automation when GNSS service interruptions occur.   

6) Is GNSS receiver performance monitored regularly for the purpose of triggering specific 
operating procedures when loss of navigation service becomes imminent? 

7) Does loss of navigation precision during periods of degraded GNSS service require 
intervention by bridge personnel, or does technology (GNSS receiver/autopilot software) 
automatically handle problems. If human intervention is necessary, is the warning system 
satisfactory, or is sudden loss of GNSS a cause for concern. If the system copes 
automatically, please describe the mechanism (e.g. automatically engage inertial 
navigation dead-reckoning)? 

8) Do you have any other concerns regarding navigation systems? 
Heading Measurement 
At high latitudes, magnetic inclination (or dip) – the horizontal angle of the Earth’s magnetic field flux 
lines – nears vertical. Although magnetic compasses nevertheless correctly point towards the magnetic 
pole, readings become progressively less reliable as movements that alter compass orientation in 
relation to the Earth’s magnetic field also causes apparent heading deviations. 
Gyro compasses are also less effective at high latitudes because the north-seeking precession force 
that keeps them aligned with the Earth’s (true) North Pole, becomes less pronounced. Headings 
reported by gyrocompasses therefore drift over time, and errors from rapid sequences of course 
changes accumulate.  
Both phenomena become more pronounced at higher latitudes, however literature mentions 85o north 
as the latitude beyond which compasses unreliability interferes with navigation. Although Arctic 
shipping routes, other than the Transpolar Sea Route, do not extend this far north, we would like to 
learn more about compass performance at high latitudes, particularly whether or not this impacts 
voyage management.   
Gyrocompasses 

9) Would you agree that gyrocompasses are ineffective at high latitudes to the extent that 
limitations impact navigation/ship handling? If so: 
 

 Can you outline your experiences in relation to determining a heading or steering a 
course? 

 Are there any methods or procedures that you employ to address gyrocompass 
limitations, for example do you complete pre-departure/periodic accuracy checks or 
apply corrections? 
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10) Are problems with gyrocompasses mitigated or eliminated by GNSS compass (please 
comment on the effectiveness/reliability of GNSS compasses if so)? 

Magnetic Compasses 
11) If magnetic compasses are carried on board (on the bridge, or in rescue craft/survival 

craft):  
 

 Have you experienced problems determining headings or steering courses using 
magnetic compasses at high latitudes? Please outline incidents with even minor 
consequences.  

 It has been suggested that localised magnetic anomalies are prevalent in the Arctic, 
have you experienced these and what type of operation do they affect? 

 Are procedures in place on board your vessel to address magnetic compass problems? 
Bathymetry 
Water Depth Measurement 
Literature suggests ice under the hull and unusual variations in water column temperature and salinity, 
compared to those in ice-free water, may degrade performance of echo sounders.  

12) Have you found sonar equipment challenging to use in icy conditions? If so, what specific 
problems have you encountered? 

We read of one accident in which a vessel (the Clipper Adventurer) ran aground due to chart error, an 
accident might have been avoided if the forward-looking sonar with which the vessel was equipped for 
mapping ice age, was functioning.  

13) Do you use forward-looking sonar (if fitted) for depth awareness? If not, do you think it 
would be a valuable safety addition? 

Charts and Hydrographic Data  

It has been suggested that charts and hydrographic data within the Arctic are inaccurate and 
somewhat unreliable; if you agree: 

14) Is this true in general, or only in areas away from shipping lanes? Do you think maritime 
activity outside shipping lanes (tourist cruises, fishing, oil and gas exploration, are mostly 
at risk)? 

15) Is there a difference in quality between charts of different regions (Canadian, Norwegian, 
and Russian). Does this make a difference to navigating the Northwest Passage versus the 
Northern Sea Route? 

It has also been suggested that objects which are either uncharted or inaccurate in terms of charted 
latitude/longitude are encountered on a regular basis. 

16) Is this statement accurate? If it is: 

 Are occurrences linked to regions (i.e. more frequent in the Northwest Passage than 
the Northeast Passage/Northern Sea Route)?  

 Do chart limitations impede your ability to safely transit the Arctic at efficiently (i.e. 
at most economical speed)?  

Regarding charts in general: 
17) When operating within the Arctic, do you use Arctic chart projections such as the following 

(or indeed any others)? 

 Transverse Mercator projection -particularly when considering areas extending north-
south. 

 Modified Lambert Conformal Projection. 

 Polar Stereographic Projection. 

 Polyconic Projection. 
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18) If yes to the previous question, are suitable projections available for electronic chart 
displays?  

19) Are you satisfied with the frequency and reliability of ECDIS chart updates? 
20) Do discrepancies between paper charts and EDCIS charts exist, and if so, are they cause 

for concern? 
Communications 
Satellite Communications: 
For long-range communications, it has been suggested that Iridium satellite phones are the primary 
means used for voice communication within the Arctic, as geostationary VSAT options (e.g. Inmarsat) 
are generally unusable above the Arctic Circle.  

21) Is the case for your vessel?  
22) How reliable are satellite phones in the Arctic, compared to services at lower latitudes? 

For Internet connection, it has been suggested that Iridium NEXT provides superior digital capacity and 
availability compared to the previous generations of Iridium systems (i.e. Iridium OpenPort and Iridium 
Pilot). However, the operational status of Iridium NEXT is not clearly defined in literature (nor on the 
Iridium website).  

23) Do you subscribe to iridium NEXT services? If so, do you use it for Internet and phone 
connection and how do you rate availability/reliability? 

24) Internet connectivity underpins the e-navigation initiative (as defined by the IMO). 
According to promotional literature, Iridium NEXT bandwidth and availability should be 
sufficient for these needs, do you agree? 

Radio Communications 
We would expect UHF/VHF radio propagation to be effected by the presence of surface ice and 
atmospheric conditions Arctic. These degrade performance, resulting in noisy communications and 
shorter range. 

25) Are your experiences using UHF/VHF consistent with the above statement? If they are, to 
what extent does degraded radio performance challenge operations (e.g. significantly, or 
merely an inconvenience). Do you apply any methods or procedures to address these 
challenges? 

26) Has increased availability of satellite communications reduced reliance on ship-to-ship 
and ship-to-shore radios and therefore mitigated aforementioned limitations (i.e. is HF 
radio still and important ship-to-ship/ship-to-shore radio link)? 

27) It has been suggested that radio interference can be experienced within the Arctic region 
as a result of solar events. Have you experienced such interference, and locally do you 
apply any methods or procedures to address these challenges? 

28) It has been suggested that UHF radio ranges can be significantly reduced when operating 
within the Arctic, with cases of complete UHF blackouts being reported. Have you 
experienced such interference, and locally do you apply any methods or procedures to 
address these challenges? 

29) Narrowband MF transmissions such as NAVTEX are suggested to be somewhat unaffected 
by the challenges associated with Arctic operations. Do you agree and do you rely on such 
means for maritime safety information? 

30) Are there any additional satellite services or radio systems that you use when operating 
in the Arctic? If yes, how do they address challenges highlighted which affect mainstream 
maritime communications systems? 

31) Does the cold weather, ice or snow affect externally placed equipment such as antennas 
and satellite dish enclosures on your vessel? If yes, what methods/practices do you adopt 
to address these challenges?  

32) Does cold weather cause problems with operation of hand-held radios, or do you use 
specially adapted equipment (e.g. walkie-talkies with throat-mic & Bluetooth earpiece). If 
such equipment is not available, would it be helpful?  
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Additional Navigational Focuses 
33) Is your vessel equipped with LORAN C or E capabilities and if so, do they address some 

limitations associated with GNSS, or do similar errors/inaccuracies exit? 
34) Is your vessel equipped with inertial navigation capability and if so, how successfully does 

it address limitations of GNSS, or does its use lead to other errors/inaccuracies? 
35) Are traditional methods such as celestial navigation or sextant altitudes ever/regularly 

used to cross check electronic navigation systems? Do such methods provide reliable 
sources of accuracy? 

36) Are there any other items of equipment or methods not covered within this questionnaire 
which provide solutions for challenges of operating vessels above the Arctic circle? 

37) Given the pace of technology change would a website or forum devoted to Polar 
technology, where navigators/RTOs could keep abreast with developments and share 
experiences, be a useful tool? If so, outline any aspects you would consider important (in 
addition to forum, a website might provide one-stop-shop for space weather, weather 
satellite feeds, and navigation/safety information). 
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8.2 Appendix 2 – Primary Research Questionnaire: Respondent 1 

1) We do not have any significant issues with GNSS in the Arctic. Vessel is fitted with 2 x GPS 

receivers and 2 x GLONASS receivers. Positions are compared every hour between the two 

systems and there is no differences between the two.  

2) Vessel has not experienced any drop outs of GNSS or GLONASS during transit of the NSR. 

3) N/A – No errors noted. 

4) We do not use any space weather forecasting services. 

5) GNSS accuracy is not an issue for Arctic Navigation. The primary hazard is shallow waters, 

particularly potentially uncharted areas – in this instance the vessel always adheres to well 

charted areas and clearly defined Deep Water routes. When transiting the Sabetta Sea 

Channel in winter the accuracy of GNSS/GLONASS is essential as this channel is 250m wide 

and approximately 25 nm long. The channel has shallow depths either side and due to the 

ice condition there is no possibility to place navigational marks except for a few months in 

summer. During winter virtual AIS buoys are utilized. 

6) GPS receivers are constantly monitored and compared through ECDIS station No.1 which 

compares both GNSS and GLONASS feeds. 

7) If the Primary position fixing system fails, there is an alarm and an autoswitch to the back up 

system. If this system fails, the system switches directly to DR. We consider that the 

positional data of the GNSS is reliable when using either 2D or 3D fixing. Also the position 

can be considered reliable if HDOP is less than four (manufactures guidelines). HDOP values 

during all phases of transits of the NSR are generally less than 1.5. If the position fix obtained 

by GNSS or GLONASS is not 2D, 3D or HDOP over 4.0, then an alarm will be triggered. 

8) No concerns regarding our navigation systems onboard. 

9) Vessel is equipped with two Fibre Optic Gyros and one Satellite Compass which has it’s 

heading information derived from GPS. Heading information is reliable and the discrepancy 

between FOG 1 and FOG 2 is less than 0.2 degrees. On high latitudes we are comparing 

heading information with both with fixed points such as transits on approaches to Sabetta 

(Approx Posn 71-20’N 072-25E) and also the vessel is conducting traditional celestial 

compass errors when the opportunity allows. Heading deviation is not more than 0.5 

degrees, which is comparable with vessels operating in a more conventional environment.  I 

cannot comment on the suitability of a free spinning gyro compass as a means of deriving 

heading information in high latitudes as I do not have experience of this. I have consulted 

with our ice pilots and they have advised that they have had no issues that they can think of 

using a traditional gyrocompass in this environment. 

10) Vessel is fitted with a GPS compass, however it is somewhat less reliable than the FOG, with 

a discrepancy of approximately 0.2 degrees from the Gyro Compass itself. 

11) Magnetic Compass is carried onboard and the vessel the vessel has errors of around 10 

degrees, up to 20 degrees in latitudes greater than 70 degrees. It is believed that this is due 

to increased proximity to the Magnetic North Pole. Local Magnetic Anomalies are 

experienced when passing North of Mys Zhelania, where we can experience deflections of 

up to 40 degrees. Also in the Eastern part of Kara Sea near Vilkitsky Strait there are large 

deposits of iron on the sea bed which cause significant deflections. This is consistent with 

the mineral rich nature of the sea bed. In the event of failure of FOG 1, FOG 2 and the Sat 

Compass, heading information from the Magnetic Compass would only be reliable for a 
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short time only. In terms of procedures addressing this issue, we do not have any as such, 

however this contingency has been risk assessed during the build stage of the vessels and it 

has been considered that the likelihood of both FOGs and the Sat Compass failing is remote. 

12) Vessel is equipped with a Skipper GDS 102 Echo Sounder. With respect to this equipment we 

have issues with aerated water passing under the sensor, which causes a loss of signal. This 

phenomena occurs when the vessel is breaking pack ice and compacted ice. This phenomena 

does not occur when the vessel is pushing through loose pack/broken ice. A critical stage of 

the transit is the Sea Channel, which varies in Ice Thickness each year. Last year virtually the 

entire sea channel was covered in fast ice, whereas this year the sea channel has been 

broken floes and loose pack. 

13) The vessel is not equipped with forward looking Sonar. With regards to whether it would 

contribute to vessel safety, the vessel is a dual acting vessel designed for independent ice 

breaking operations. Therefore any forward facing sonar housing would need to be suitably 

positioned  in order to prevent damage to the equipment, it may also be susceptible to the 

same issues of aerated sea water which causes issues with the echo sounder. Also such 

forward facing sonar would be rendered useless when proceeding stern first. Given the 

levels of survey of the charts of the area in which the vessel operates (most of which has 

likely been done by the Russian military and downgraded for civilian use), forward looking 

sonar would not add much in terms of a safety margin to a commercial vessel, however I can 

see the benefits in fitting this to a research vessel operating in areas of low 

surveyed/unsurveyed areas. 

14) During transits of the NSR, it has been observed that depths, contours and positions of land 

are in accordance with those found on the charts in shipping lanes, and when conducting 

tactical navigation in ice in the Northern Sea Route there is a general agreement between 

what is on the chart and what is in reality. 

15) Vessel is predominantly using Russian charts and some Norwegian charts. Accuracy of both 

is considered to be similar. The vessel is not using Canadian charts. There is no experience of 

navigating the North West Passage onboard. 

16) This statement is not accurate in our experience. We have at no stage encountered 

incorrectly or uncharted objects during the service life of the vessel, nor to our knowledge 

has the rest of the Yamal ARC 7 fleet. 

17) Vessel is using Mercator projection for Arctic Navigation. 

18) N/A 

19) We get weekly updates for our AVCS charts and updates for Russian charts are provided as 

and when they become available through our Chart Supplier 

20) The vessel is now fully Paperless, however previously when using paper charts for some 

areas of the voyage there was a difference in datum between the paper charts used for 

navigation and the electronic charts used for reference on the ECDIS. There was also a 

difference in depths, due to differing dredged information – the electronic charts were of a 

new data. 

21) The vessel is using a combination of VSAT as primary means of Satellite communication and 

Iridium as backup/secondary. The maximum latitude that the vessel is passing is 78 North, 

and we lose SAT C and VSAT for brief times only, if at all. 
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22) Satellite telephone coverage is comparable to VSAT coverage as this is the vessels prime 

communication method. If there is a VSAT outage then the VSAT phones are off. The Iridium 

phone and data link continues to function and we have experienced no issues with this. 

23) We do not subscribe to Iridium NEXT. 

24) There is no experience with Iridium NEXT onboard. 

25) We do not experience any issues with VHF or UHF communications, communications are 

clear to a range of 20-30 miles. 

26) HF is no longer an important ‘every day’ ship/ship or ship/shore communication link, 

however I believe that this is reflected throughout the industry as a whole. Throughout my 

near 20 year career at sea I have never seen or sent a Radio Telex  ‘in anger’. We continue to 

maintain watch on the HF bands & DSC frequencies in the event of distress. Regarding MF, 

we occasionally receive weather information such as gale warnings from local radio stations 

using DSC alert followed by SSB transmission. 

27) No interference experienced by personnel onboard. 

28) Vessel uses UHF communications for internal use only and has not experienced any 

blackouts other than those anticipated due to positional reasons. 

29) Agree. MSI is reliable through NAVTEX. 

30) We receive the following additional information via email 

a. Satellite Ice information from AARI (Arctic & Antarctic Research Institute) 

b. Hydrographic information from Yamal LNG Hydrographic Dept 

c. WNI Ice information 

d. We also utilize VSAT for online weather services such as Windy.com and YR.No 

31) No issues experienced, however we are utilizing heated radomes and antennas and we also 

have a daily inspection to routine to ensure all antennas are free of ice buildups. 

32) No problems experienced.  

33) Loran-C/E not equipped 

34) Inertial Navigation System not fitted – but would be desirable 

35) Yes. Traditional methods used when opportunities allow. Accuracy is dependent on the 

individual taking the sight. 

36) None that come to mind 

37) Such a forum may have it’s used, however it is more critical that Arctic/Polar technologies 

and standards are standardized across one, or several bodies such as OCIMF or Class. For 

instance the Eduard Toll is not a conventional vessel in that it is propelled by three azipods. 

At present Class do not recognize that the podded crash stop is more efficient than a 

conventional crash stop – and so it is the conventional crash stop which is used for Class 

purposes. With regards to Arctic and Polar technologies there should be a move to 

standardizing classifications into a uniform set of classes – while this is ongoing with the new 

Polar Code incorporating equivalents to the Russian ARC Rules and Finnish Rules, there is 

still room for improvement. 

Future Technologies 

Ice Breakers have long since carried airborne assets to help them find their way, however as 

Merchant vessels we do not posses that capability. The use of drones would be an advantage, 
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however given the fact we are LNG Carriers, this may pose some problems. Also the range of the 

drones would need to be sufficient, as we have capable ice radar which is effective to ranges of 4nm. 

A larger local aerial view would be beneficial, as sometimes we cannot get satellite information due 

to high cloud cover – drones would potentially be the answer to this.  

I have included an example of our Satellite Imagery that we get, and as you can see, it is of such high 

quality you can see the vessel (circled). 

In terms of communications, better communications are always welcome, however until there is the 

commercial demand (and by association profit), it is appreciated that only specialist providers will 

continue to operate.  
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8.3 Appendix 3 – Primary Research Questionnaire: Respondent 2 

Answers for the Electronic Aids to Navigation Field Trip Questionnaire 
 
By Jon Olav Eikenes, based on interview with 2 navigational officers and one communications officer 
onboard the Norwegian coast guard ship KV Svalbard, March 26 – April 12 2019. 
 
Even though the navigation officers have a basic understanding of how the technology works, they 
are not technical experts. The same goes for the researcher carrying out the interviews. The navigators 
were not able to answer many of the questions, and it was therefore not feasible nor relevant to go 
through all the questions in detail. 
 
Electronic navigation aids 
 
Global navigation satellite systems 
KV Svalbard primarily gets position information from GPS, and use standard GPS equipment (two GPS 
sensors). They also have DGPS. The position accuracy can change from one day to the next, and vary 
with weather. However, GPS works well, also far north. They will get an alarm in ECDIS if the accuracy 
becomes very low. They have been to 84 degrees north and did not notice issues with position or 
update frequency. One navigator said that he actually things there are more GPS satellites visible 
further north. Independent of being in the arctic or not, mountains and narrow fiords can be a 
challenge for GPS coverage. 
 
In any case, a navigator said that they don’t need very high accuracy: when they are far from land they 
don’t care if the accuracy is 10 or 80 meters, for example. When they are in the arctic, the nearby ice 
conditions are much more important than accurate position. They do not have a DP system installed. 
 
According to the navigator, they do not receive any reports on ionospheric anomalies and/or sunspot 
activity. 
 
It is important to mention that the crew regularly navigate without relying on GPS – especially during 
inshore navigation. This is because of the risk of GPS jamming – they have to be able to navigate 
without relying on GPS. Therefore, they use ECDIS (in the same manner as they would use paper 
charts) and bearing to landmarks to determine accurate position. 
 
Gyrocompasses 
KV Svalbard has two gyro sensors (ring laser gyroscopes), which according to the navigator are 
supposed to be very accurate. He did not mention any problems with the gyrocompasses, including in 
the arctic. 
 
Magnetic Compasses 
They don’t use magnetic compasses. 
 
Inertial navigation system 
The navigator we asked did not know what this was. 
 
Water depth determination 
They have a regular echosounder (not multibeam). They continuously save the depth to a system 
called Olex (http://www.olex.no/), so they can access the depth later. However, the quality is 
apparently not very accurate, and cannot be used by the mapping authorities for creating seafloor 
maps. The navigators did not say anything about problems with cold water.  

http://www.olex.no/
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Charts and Hydrographic Data 
In general, the charts for Svalbard are not very accurate. Therefore, they are extra cautious when 
navigating close to shallow water. Normally 10m is safe operation depth for the ship, but on Svalbard 
they use 20m. They keep a safe distance to land. 
 
They use the software Olex as a supporting navigational tool, especially in areas where the charts are 
bad. The Olex system is used a lot by fishing vessels. All the vessels send data collected through their 
echosounders, and send it to the Olex company, which then distributes the data back to all the vessels. 
The data helps the vessels avoid wrecks, large rocks etc. There are different layers in Olex: 
Your own vessel’s historical tracks (including measured depth) 
New data from the Norwegian mapping authorities, which hasn’t been made public yet (the coast 
guard gets access to this data before it’s made available to the public) 
Historical tracks (and depth measures) from other vessels 
 
In ECDIS they use the regular projection (WGS 84 and Mercator) and not any specific map projection 
for the arctic. This is not a problem. A navigator commented that if they go to the North Pole (which 
they will try this summer), the ECDIS won’t be an important source of information anyways. What they 
will care about is the ice conditions, and they can’t get that in ECDIS. They are not able to add satellite 
maps or ice charts into ECDIS. 
 
The coast guard have developed their own map application, in which they can import all kinds of 
geographical data, including satellite maps and ice charts. However, this application is classified, so 
we did not get to learn much about it.  
 
Communication within the Arctic 
 
VHF: They have not experienced any problems with VHF in the arctic. The opposite can happen: if the 
atmospheric pressure is high the signals can go very far. They use VHF for communicating with their 
fast rescue boats. 
 
UHF: they use this internally on the vessel. In order to communicate between the floors, they have 
installed antennas and wires that transmit the signal on the ship. They have not experienced problems 
with UHF in the arctic. 
 
For communicating beyond line of sight, however, they are affected by solar storms and sunspots: 
 
HF: HF is the primary means of communication. This works well all over the globe, and should in theory 
work all the way to the north pole. They can also adjust the frequencies within the HF range. The 
military use their own (classified) frequencies. They can experience some noise in arctic areas, for 
example caused by solar storms. There can also be some difference between the seasons: summers 
are usually a bit better than winters. 
 
Inmarsat. Used for phone (and data?). Svalbard is in a blind spot between the cover area for two 
satellites (Atlantic Ocean and Indian Ocean), but still there is usually connection around Svalbard. They 
have a gyrostabilized antenna pointing towards the satellites. They lose Inmarsat connection when 
they go beyond 78-79 degrees north (another navigator said 80-81 degrees). Then they use Iridium.  
 
Iridium: Used for satellite phone as well as data in the arctic. A problem with Iridium is that they can 
lose connection quite often, because each satellite is available only for a short time. Can also be a 
problem in fjords. In addition, there might be glitches if the data has to travel through many satellites 
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on its way to the USA – the signal might sometimes have to go through as many as 8 satellites before 
reaching land.  
 
The communications officer mentioned the Russian satellite system, which always has 2 satellites 
above the arctic. But the Norwegian coast guard can’t use these. Apparently, Telenor is working on 
launching a new satellite. 
 
The communications officer said that the real conditions and their experiences match the theory. So, 
if you pick up the manual from any of the producers of the satellite equipment you will get a good 
explanation of how the system works and the limitations.  
 
Navtext: they have the equipment, but it is not used anymore. 
 
Cold weather and icing can affect externally placed equipment such as antennas. Can be a problem if 
it is cold, combined with wind and spray of water. KV Svalbard has installed heating cables in the hull 
and deck of the ships, which in general prevents icing. 
 
The coast guard regularly have researchers and developers onboard to test new equipment. For 
example, Kongberg Seatex have installed Maritime Broadband Radio on KV Svalbard. Can be used for 
sending files up to 7 MB between vessels. Can also be used for sending live video feeds, for example 
from a drone. The radio they installed has short reach (about 6 NM). They used it previously to get 
satellite images from another vessel which had better access to images. 
 
 
 
 
 

https://www.kongsberg.com/maritime/products/maritime-communication/maritime-broadband-radio/maritime-broadband-radio

