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Executive Summary
The need for MarRINav was highlighted in 2017 with the publishing of a report by London
Economics on “The economic impact on the UK of a disruption to GNSS.” The report
demonstrated the reliance of multiple UK sectors on GNSS, often referred to as the ‘invisible
utility’, as well as the system vulnerabilities. The report assessed that a 5-day outage of GNSS
would impact the UK economy to the tune of £5.2Bn, with the maritime sector making up 21%
of this loss: £1.1Bn. (1)
These impacts would be felt across the maritime sector, from port management operations to
vessel management systems, resulting in an increase in port congestion creating a significant
backlog that would not be cleared until long after the loss of GNSS had passed. With 95% of all
UK imports arriving by sea, such an event would have serious implications for healthcare, food
and energy supplies, not to mention the implications for safety of life at sea. (2)
The MarRINav Roadmap looks ahead to 2032 at the opportunities for high-integrity resilient
Position, Navigation, and Timing (PNT) within the UK maritime sector. Building on the work
undertaken as part of the MarRINav project, the roadmap is the culmination of MarRINav stage
1, and is also designed to enable production and planning for stage 2.
MarRINav stage 1 recognises that the core system for PNT by 2032 will be multi-constellation,
multi-frequency GNSS, and recommends this is supplemented with a number of candidate
resilient PNT systems identified to provide resilience and integrity. Candidate resilient systems
will be backed up by a robust data communications infrastructure. This infrastructure is divided
into the landside, and the sea-side. Again, a number of candidate systems have been identified
to fulfil these roles.
These solutions were all assessed using Technology Readiness Levels (TRLs) which allowed for a
consistent, uniform approach. This work combined with a cost benefit analysis leads the
MarRINav team to recommend the establishment of a demonstrator project to establish a proofof-concept test-bed for a hybrid system-of-systems PNT solution as part of the UK maritime CNI.
MarRINav is assessed as having a cost-benefit ratio of 2.2, with a net present value of £221m.
The economic assumption is drawn upon a selection of 10 major ports which handle 90.5% of the
economic value attributable to maritime transport of containers. The economic impact of
MarRINav is therefore likely a conservative estimate as no other type of vessel is considered and
no terrestrial users of the timing signals required to deliver MarRINav are considered. The total
cost of installing the required onshore technologies and the cost to shipowners to achieve a highintegrity resilient PNT system of systems is estimated at £200m over 10 years.
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MarRINav makes the following recommendations:
1. Create a wide-reaching consensus for the future development of a resilient and high-

integrity PNT system-of-systems, meeting the needs of the future UK critical national
infrastructure.
2. Identify an appropriate source of funding to enable the MarRINav project be progressed

to Phase 2, to build on the conceptual solution, adding design detail, and undertake fieldscale demonstration.
3. Engage further with users, legislators, regulators, standards agencies, industry bodies and

manufacturers.
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Glossary
ADSL
AIS
AtoN
BEIS
BRIG
CNI
DfT
DG (GROW)
DG (MOVE)
DGPS
DR
EGNOS
eLoran
eRacon
ERNP
ESA
DGPS
GBAS
GHG
GNSS
GPRS
GPS
GSA
GSM
IALA
IMO
IMU
LEO
LTE
MCP
MF
MSR
NPL
OGD
RAIM
PNT
PRS
PVT
RAIM
R-Mode
RPNT
SBAS

Asynchronous Digital Subscriber Line
Automatic Identification System
Aids to Navigation
Department for Business Energy Innovation and Skills
Blackett Review Group
Critical National Infrastructure
Department for Transport
European Commission Directorate General for Internal Market, Industry,
Entrepreneurship and SMEs.
European Commission Directorate General for Mobility and Transport
Differential GPS
Dead Reckoning
European Geostationary Navigation Overlay System
Enhanced LOng RAnge Navigation system
Enhanced RAdar beacon
European Radio Navigation Plan
European Space Agency
Differential GPS
Ground Based Augmentation System
Greenhouse Gas Emissions
Global Navigation Satellite System
General Packet Radio Service
Global Positioning System
European GNSS Agency
Global System for Mobile Communications
International Association of Marine Aids to Navigation and Lighthouse
Authorities
International Maritime Organisation
Inertial Measurement Unit
Low Earth Orbit
Long Term Evolution
Maritime Connectivity Platform
Multi Frequency
Multi-System Receiver
National Physical Laboratory
Other Governmental Department
Receiver Autonomous Integrity Monitoring
Position, Navigation, and Timing
Public Regulated Service (an encrypted service provided by the Galileo GNSS)
Position Velocity and Time
Receiver Autonomous Integrity Monitoring
Ranging Mode
Resilient PNT
Space Based Augmentation System
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SLAM
STL
STM
TRL
TWSTFT
UHF
UKSA
UTC
VDES-SAT
VDES-TER
VDES

Simultaneous Location and Mapping
Satelles – Satellites Time and Location
Sea Traffic Management
Technology Readiness Level
Two Way Satellite Time and Frequency
Ultra High Frequency
UK Space Agency
Coordinated Universal Time
VHF Data Exchange System Satellite Component
VHF Data Exchange System Terrestrial Component
VHF Data Exchange System
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Roadmap Vision
By 2032 ensure the resilience and integrity of the UK critical national
infrastructure relating to maritime and port PNT and communications are
underpinned with an appropriate network of systems taking account of
international practice.
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Introduction

This document is the output deliverable D10 of Work Package 7 - Roadmap and Planning, of the
MarRINav project. Its objective is to identify future priorities, gaps, opportunities, and capabilities
out to 2032 that will underpin the UK critical national infrastructure (CNI) relating to maritime
Position, Navigation, and Timing, (PNT) and associated communications. The 2032 date was
chosen as it takes us beyond current GLA technology roadmaps, with the next updates expected
to go out to 2032. It also provides us with a date far enough into the future for the purposes of
the strategic vision of MarRINav whilst not being too far away that it is impossible to predict with
any certainty what the future may bring.
The aim of WP 7 was to develop a strategic outline roadmap for UK critical national infrastructure
relating to maritime PNT and associated communications. The roadmap identifies activities that
cover tangible outcomes such as technical design, implementation, and validation of the solution.
It also looks at the less tangible aspects of implementation from the stakeholder, user, policy,
regulatory/legal frameworks, institutional, economic, and cost factors.
GNSS is used across a wide range of safety-critical applications and over-reliance on it means it
will become a potential single point of failure across the CNI. The economic importance of GNSS
to the maritime sector, as well as those sectors which rely on maritime transport for their supply
chains, is significant:
“A five-day GNSS loss would impose significant disruption to maritime infrastructure and
vessels. These direct and indirect impacts are estimated at £1.1bn or 21% of all estimated
impacts.” (1)
It is the requirement to ensure the UK maritime sector does not continue to be over-reliant on
GNSS, coupled with emerging technologies and principles/protocols (such as e-Navigation and
autonomous operation of vessels), that has led to the creation of the MarRINav project. This
roadmap considers the findings of the MaRINav Stage 1 activity and describes the steps that
could/should be followed in order to address the risks, gaps and opportunities that are revealed.
This roadmap is produced cognisant of emerging technological trends which will impact the
availability of particular PNT systems as well as the scenarios in which they could be used. Routes
to funding, political and economic factors which may prove to be influential, are also considered.
The roadmap sets the scene for what to expect, when, and where the input of other organisations
is needed.
MarRINav has considered a number of Use Cases within a critical scenario on which to base its
findings. The scenario concerns a cargo of containers on board a vessel that enters UK waters,
docks, unloads the containers which are then stored and ultimately transferred to a lorry/train
and leave the port gate. These Use Cases are:
1. ocean voyage;
2. coastal approach;
3. port approach;
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4. port phase; and
5. port land-side operations.

Further detail on these Use Cases and the scenario is contained within MarRINav D1 - Context
and Requirements. Each of these Use Cases produces its own PNT challenges with potential
resilience and integrity solutions coming from different systems.
The solution proposed by MarRINav uses a multi GNSS constellation, multi system receiver (MSR)
based upon an existing performance standard (IMO MSC.401(95)), with dissimilar,
complementary and GNSS-independent systems providing resilience and integrity. The roadmap
recognises that the regulatory framework will need to evolve with the technology and
recommends a staged approach to implementation to ease this burden. The roadmap is written
within the context of the UK maintaining its position as a key maritime nation, influencing global
solutions, particularly within Europe, for example, by influencing the European Radio Navigation
Plan (ERNP), which is updated every 3 years.
This roadmap brings together the four elements outlined in D1 that form Maritime CNI:
•
•
•
•

Resource Management and Control;
Situational Awareness;
Resilient PNT;
Robust Communication;

It is the culmination of the first stage of the MarRINav project and, as such, forms the backbone
of stage 2.
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Approach/Methodology

This roadmap is the consolidated output of MarRINav Stage 1. The project has taken a systematic
approach with each work package deliverable building on the work of the previous one. Figure
1 shows the work packages and how these relate to each other, with the roadmap the
culmination of this work.

Figure 1: MarRINav work packages.

As well as the research undertaken within each work package, each deliverable made use of
relevant work previously undertaken by other organisations: each of the Work Package
deliverables contains a bibliography of the sources used. A roadmap workshop, hosted by the
GLA, was also held to ensure the timeline, scope and technical detail were fit for purpose.
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Context

The maritime context for future CNI in the timeframe 2030 is captured in MarRINav D1 - Context
and Requirements. The document highlights that the maritime sector was an early professional
adopter of GNSS, which has become the principal source of PNT information. Of note is that
GNSS provides more than just a location for the ship itself but PNT for over 20 other systems,
including some which are not directly involved in plotting the ship’s location. Despite its heavy
usage within the sector, standards need to evolve to keep up with emerging trends. These trends
have seen an increase in GNSS capability, coupled with an increasingly complex/congested sea
space, digitisation and subsequent data flows. MarRINav D1 notes:
“IMO recommendation A.915, which at time of writing, was adopted 17 years ago and drafted
more than 20 years ago. Standards will need to evolve and expand to encompass new
applications, notably marine autonomous systems including autonomous vessels, and eNavigation. In addition, standards should also be updated to reflect the vast changes to the
GNSS signal in space over the past 20 years - more constellations, more signals, better clocks,
better monitoring networks.
The current standards are maritime-only and so do not encompass the multi-modal integration
of services and applications as goods flow from the sea, through a port, to the hinterland.
Standards will also need to expand to support any improved efficiency and effectiveness of this
vital logistics supply chain.” (3)
The arguments for resilient PNT do not rest solely on the economic figures provided in the London
Economics report quoted earlier. Around 95% of all UK imports and exports are transported by
sea (2) so the UK’s ability to function rest on maintaining these transport links. Improvements in
the efficiency of vessels will also come from improved PNT, which will not only reduce costs but
also have a positive impact on greenhouse gas emissions (GHG) and improve the safety of those
at sea.
Despite its heavy usage, the vulnerability of GNSS is not universally accepted within the UK or by
our European partners. Whilst stating that a complementary backup is required, the European
Radio Navigation Plan rests on the maximum use of GNSS (and Galileo and EGNOS in particular).
Looking further afield we see that South Korea is developing an eLoran programme as are China
and Russia. The USA also has an emerging eLoran programme and Singapore is undertaking trials
of radar absolute positioning: these systems, and others, are reviewed by MarRINav along with
recommendations for their usage.
High-integrity of PNT is also of significant importance. Integrity refers to the measure of trust
that can be placed in the correctness of the information supplied by a navigation system. The
level of confidence required to know exactly where you are, coupled with prompt warnings
should there be a system failure cannot be understated, especially when moving through a
congested sea space. The capability required for future user-level integrity is unlikely to be
achieved however until the 2025+ timescale with the release of EGNOS version 3 together with
complementary RAIM (Receiver Autonomous Integrity Monitoring), or a more sophisticated
RAIM can be implemented.
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This roadmap will therefore state what solutions we intend to pursue, with a view to influencing
key decision makers within Government and other agencies by providing recommendations
based upon the sound, detailed analysis of potential PNT solutions to resilience and integrity.
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Technology Readiness Levels (TRLs)

Technology Readiness Levels are used to estimate the maturity of a technology and allow for a
consistent, uniform approach to what would otherwise be a very subjective task. MarRINav has
therefore undertaken an assessment process for the proposed candidate systems. This also helps
ensure a more robust cost benefit analysis and that the timescale to 2032 can be better achieved:
for example, proposing a solution currently at TRL 1 with known physical limitations would be
unlikely to meet our needs as well as a technology currently at TRL 8 that could be trialled quite
cheaply and proven within a few years. The TRL definitions proposed for MarRINav are shown in
Figure 2.

Figure 2: Proposed Technology Readiness Level definitions

The assessed technology readiness levels for each of the proposed solutions is provided in the
following chapters.
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Technology Factors

The detailed report on MarRINav’s recommendations for PNT solutions can be found in
Deliverable 4 - PNT R&I Technologies and Integration. The MarRINav Deliverable 7 - Development
Plan sets out how these technologies will be developed as part of MarRINav Stage 2.
Table 1 provides a list of these solutions with a brief description and their assessed TRL.

Technology

Description

TRL

eLoran

Enhanced Loran (eLoran) is a low-frequency, long range
Terrestrial Radionavigation System, capable of providing positioning,
navigation and timing (PNT) service for use by many modes of transport,
including for maritime port approach.

7

The feasibility of transmitting eLoran from TV masts, as in
the MarRINav concept, is not validated.

3

Radar
Absolute
Positioning

There are 2 main methods proposed here:
1. Simultaneous Location and Mapping (SLAM), which requires the creation
of a ‘master map’ of geo-referenced radar-conspicuous targets, using
available GNSS for ground truthing. If GNSS is lost, or degraded, the
absolute position of the vessel can be derived by matching incoming radar
data to this geo-referenced master map.
2. Use of enhanced radar transponder beacons (eRacons) which have the
capability to communicate their precise location to a radar system.

3

5

Satelles (STL)

A commercial system that uses a series of short data messages on the
Iridium constellation of Low Earth Orbit (LEO) satellites. Using STL as a
source of position information has been established but little is known
about the practical feasibility and performance of this approach.

2

VDES Rmode

Ranging mode (R-Mode) refers to the addition of a ranging capability to
existing or new marine data transmissions.
The mechanisms for time synchronisation for VDES R-Mode and the
potential for using VDES- R-mode for time synchronisation are at concept
stage

4

Locata™ is a terrestrial positioning technology that utilises a network of
small, ground-based transmitters (LocataNet) providing a robust radio-based
positioning signal within a specific area

9

LocataTM

2

Table 1: MarRINav recommended PNT solutions.

For the purposes of MarRINav it is assumed that the core, or primary, PNT service used aboard
ship in the 2032 timeframe, will be multi-frequency, multi-constellation GNSS. The maritime
receiver platform will be based on the IMO Multi-System Receiver (MSR) architecture which will
be able to use the signals from at least two (but ideally three) GNSS. Three GNSS will allow it to
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identify a whole-constellation fault in parts of the world where Space Based Augmentation
System (SBAS)/Ground Based Augmentation System (GBAS) signals are not receivable. The
considerations of resilience include methods of GNSS hardening, including through the use of
receiver signal filtering and digital signal processing techniques such as pulse blanking, active
antenna systems, multiple antenna systems, plausibility tests and jamming and spoofing
detection devices.
Each GNSS is, or will, be dual frequency and a linear combination of the two signals (the ionofree combination) will eliminate the big error source of ionospheric delay, which otherwise SBAS
has to measure and enable the receiver to compensate. However, this iono-free combination
does not handle multipath well and ships operate in a particularly challenging multipath
environment. Multipath occurs when a GNSS signal is reflected off an object prior to being
received by the GNSS receiver, thus making the signal travel further to get to the antenna.
Maritime users may still make use of single frequency solutions to avoid making multipath
problems worse, but more research is required to fully understand the implications for this. The
European Space Agency (ESA) funded MARGOT project aims to assess the multipath and
interference impact on PNT information in maritime environments for different operational
scenarios, and should provide us with some much needed knowledge in this area. (4)
The use of other constellations in addition to GPS results in there being a larger number of
satellites in the field of view, which has the following benefits:
•
•
•
•

Reduced signal acquisition time;
Improved position and time accuracy;
Reduction of problems caused by obstructions such as buildings and foliage;
Improved spatial distribution of visible satellites, resulting in improved Dilution of
Precision.

MarRINav also considers the use of terrestrial GNSS interference monitoring and detection
networks. This network would be based on a number of sensors installed at maritime ports across
the UK, with instances of GNSS interference logged and reported to stakeholders, in particular
those stakeholders in charge of maintaining the integrity of the radio-spectrum, such as OFCOM,
Vessel Traffic Services, and the mariner on their approach to port.
MarRINav also recognises the role of visual techniques for establishing an estimated position fix;
and even in this “if all else fails” scenario, electronic systems like the ePelorus can assist in
promulgating electronic position fixes to ship’s systems and shoreside services.
An overview of these candidate systems is provided below. More detailed information can be
found within D4.
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eLoran

Enhanced Loran (eLoran) is a low-frequency, long range Terrestrial Radionavigation System,
capable of providing positioning, navigation and timing (PNT) service for use by many modes of
transport, including maritime. eLoran transmits at low frequency giving the precisely
synchronised (to UTC) timing signals their LOng RAnge Navigation capability from widely spaced
transmitters. The receiver’s position is determined by the measurement of the times of arrival
(called pseudoranges) of these pulses.
Pseudoranges from at least three transmitters are required to be measured in order to determine
a horizontal position solution by trilateration. Measuring more than three transmissions
(preferably five) provides the user with RAIM (Receiver Autonomous Integrity Monitoring)
capability in addition to positioning accuracy. A precise clock onboard the vessel, and providing
precise time to the onboard eLoran receiver, would allow the use of one less transmitter.
MarRINav stage 2 will trial the feasibility of transmitting eLoran from TV masts. This use of the
system is assessed to be at TRL 3.

4.2

Radar Absolute Positioning

Determining a vessel’s position using radar can be achieved by techniques such as taking range
and bearing measurements from known radar-conspicuous objects, or parallel-indexing. These
techniques are carried out manually and are primarily used as a fail-safe backup to conventional
radio-navigation such as GNSS. To continuously fix a vessel’s position using radar and plot these
fixes on a navigational chart would constitute a great deal of manual effort and would not be
practical on a typical commercial vessel. It may be observed, however, that the particular pattern
of radar-return obtained from a particular location can be highly distinctive and unique.
Experienced mariners would be able to recognise the Lizard peninsula, for example, from its radar
image alone.
There are two methods of radar absolute positioning considered within MarRINav: Simultaneous
Location and Mapping (SLAM) and the use of enhanced Racons (radar transponder beacons)
equipped with the capability to communicate their precise location to a radar system.
Radar absolute positioning using the SLAM method is assessed to be at TRL 3.
Radar absolute positioning using enhanced Racons is assessed to be at TRL 5.

4.3

Satelles: Satellite Time and Location (STL)

STL uses a series of short data messages on the Iridium constellation of Low Earth Orbit (LEO)
satellites. While the actual approach used by STL is commercially sensitive, it is believed to follow
an approach similar to that employed by the old Transit system, whereby a series of ranging and
Doppler estimates are made as the satellite moves across the sky. It is anticipated that STL would
be used in combination with other sensors, such as an inertial measurement unit, to correct for
movement of the vessel between position estimates.
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The technology for STL has been demonstrated but not tested in maritime environment or with
a moving receiver. It is therefore assessed be at TRL 2.

4.4

VHF Data Exchange System (VDES) R-Mode

Ranging mode (R-Mode) refers to the addition of a ranging capability to existing or new marine
data transmissions. Ranging systems work by measuring the time of flight, or time of arrival of
radio signals to estimate the distance between the user and multiple known base stations.
Measurements from different ranging systems can be combined to form a single resilient
Position, Velocity and Time (PVT) solution, as envisaged in IMO Resolution MSC.401(95) on the
Performance Standards for Multi-system Shipborne Radionavigation Receivers (MSR) and the
associated Guidelines for Shipborne PNT data processing, MSC.1/Circ.1575.
Two concepts for R-Mode are currently being studied by the international maritime community,
based on the medium-frequency signals of the IALA Marine Beacon Differential-GPS (DGPS)
system, and the use of base station networks of the Automatic Identification System (AIS) and its
planned successor, the VHF Data Exchange System (VDES).
VDES R-Mode is assessed to be at TRL 5.

4.5

Locata

Locata™ is a terrestrial positioning technology that utilises a network of small, ground-based
transmitters (LocataNet) providing a robust radio-based positioning signal within a specific
limited area. To provide nano-second level synchronisation Locata uses a patented
synchronisation method called TimeLoc™ that allows internal synchronisation without the need
for precise oscillators such as atomic clocks. This enables the Locata network to provide accurate
position solutions utilising one-way ranging signals. The technology was developed by Locata
Corp, based in Australia.
The Locata concept was designed to overcome the limitations of GNSS, as well as other
pseudolite-based positioning systems, to provide high accuracy and reliable signals, in all
environments at an affordable cost.
Locata is in commercial use in both Australia and New Zealand, it is therefore assessed as TRL 9.
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Technology Development Roadmap

21

MarRINav – 4000126063/18/NL/MP – 2020-02-28
D10 Initial Roadmap & Plans v2.0

5

22

Infrastructure

For the proposed PNT system architecture to be resilient, the resilience of the infrastructure
supporting its operation must also be considered and secured. A system of robust data
communications is therefore required both between the shore-side infrastructure components
for command, monitoring and control and aboard ship for the transfer of RPNT pertinent data
and the results of supporting e-Navigation services. Work Package 4 identified several candidate
data communications systems for resilient PNT, providing a detailed analysis in D5 “Conceptual
Resilient PNT Infrastructure”. Candidate data communications systems are identified from the
point of view of the land-side infrastructure of the UK’s resilient PNT system and the various
maritime systems. Some data communications systems have a full set of well-established
technologies that support each of the layers of the model. However, it is noted that certain other
systems do not have definitions for the full set of layers and fully tried and tested technologies
only exist at the lower data link and physical layers.
Determination of a position solution for a hybrid system integrating range measurements from
multiple component PNT technologies requires precise synchronisation of transmitter clocks to
the same reference. For a resilient system intended to mitigate GNSS vulnerabilities, the obvious
source will be the national UTC reference. The UK time reference is maintained by the National
Physical Laboratory (NPL), which offers several synchronisation services for remote sites. The NPL
remote site synchronisation services include the use of ‘dark fibre’ or Two Way Satellite Time and
Frequency (TWSTFT) technology. Because of the high cost of such services, it would probably be
appropriate to use them for the synchronisation of transmitter clocks at a small number of
principal sites.
MarRINav proposes that these principal sites be eLoran transmitters. eLoran can then be
employed to distribute UTC to other more localised RPNT infrastructure thus mitigating the high
cost of fibre or TWSTFT links. A process for the distribution of the time synchronisation for clocks
throughout the hybrid PNT system would need to be, and could feasibly be, devised as an integral
part of that hybrid system.
The candidate data communications systems for resilient PNT infrastructure are:
1.
2.
3.
4.
5.
6.
7.

The Loran Data Channel;
Radiobeacon DGPS Minimum Shift Keying (MSK) Broadcast;
VDES-TER – The VHF Data Exchange System Terrestrial Component;
VDES-SAT – The VHF Data Exchange System Satellite Component;
The 4G/5G Mobile Network, or LTE-MaritimeWi-fi;
Iridium based broadband communications via LEO satellites;
Inmarsat or VSAT based broadband communications via GEO satellites.

Work Package 4 assessed the capabilities of these systems against the requirements of the 4
phases of voyage form the MarRINav scenario A snapshot of this is provided in Table 2 below.
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eLoran Data
Channel

HF/MF/DGPS
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VDES

4G/5G/ LTEMaritime WiFi

Leo Satcomms

GEO Satcomms

Range

To 3000km approx. (over
open sea)

To 300 to 500km
(varies diurnally with
night skywave)

To 56km approx.
Depends on aerial
height. Line of Sight

Cell sizes to 100m approx.
Range limited by
propagation effects and
atmospheric attenuation.

Global (Including polar
regions using spot beams
from multiple satellites in
inclined orbits)

Global (Excluding polar regions using
overlapping earth coverage beams
and multiple spot beams)

Integration
Opportunities

Could be used for reference
time correction distribution
to RPNT system component
transmitters and receivers.

Could be employed
for general messages
via Message 16.

VDES does not
implement a full TCP/IP
protocol. It is likely that
a conversion interface
will be needed for
integration with IP
networked devices and
applications.

The facility to use IP
protocol connections
between devices would
ease integration with eNavigation services
distributed via a Maritime
Connectivity Platform.

The use of IP protocol
connections between
devices would ease
integration with eNavigation services
distributed via a Maritime
Connectivity Platform.

The use of IP protocol connections
between devices would ease
integration with e-Navigation services
distributed via a Maritime
Connectivity Platform.
Geosynchronous satcomms links
have a potential role in time
reference distribution.

Status

Mature technology. UK
transmitter operating,
sufficient for data channel
communications. EU
transmitters
decommissioned. User
receivers available from
Reelektronika and Ursanav.
Assessed as TRL 7

Mature technology.
Series of 14 DGPS
beacons in place
around UK and
Ireland.
GPS receivers capable
of receiving DGPS
messages readily
available. Assessed as
TRL 9

Developing technology
No VDES stations have
been established.
Fully compliant
transceiver are
commercially available.
Assessed as TRL 7

Initial rollout of service
ongoing.
5G networks are presently
being developed and rolled
out in limited, mainly city,
areas.
4G assessed as TRL 9, 5G as
TRL 8, LTE-Maritime WiFi as
TRL 6

Mature technology. Space
segment infrastructure in
place.
User terminals readily
available.
Assessed as TRL 9

Mature technology. Space segment
infrastructure in place.
User terminals readily available.
Assessed as TRL 9

Cost per
bandwidth

Not Known

Not Known

Not Known

TBD (low)

High

High

Table 2: Data Communication Technologie Characteristics

MarRINav – 4000126063/18/NL/MP – 2020-02-28
D10 Initial Roadmap & Plans v2.0

5.1

Technology Development Roadmap: Standards and Ship’s Equipment
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Cost Benefit

Indicative costs for the recommended high-integrity, resilient PNT solutions are provided in D4
and D5. Further details can be found in Work Package 5, D8 “Cost-Benefit Analysis” (CBA). The
CBA output is a conservative estimate of the total economic impact of MarRINav using realistic
worst-case assumptions.
Overall, the net present value is £221m and the benefit-cost ratio is 2.2.
Importantly, this result only relates to maritime container transport. This means no other type of
vessels is considered and no terrestrial users of the timing signals required to deliver MarRINav
are considered.
The total cost of installing the required onshore technologies and the cost to shipowners to
achieve a high-integrity resilient PNT system of systems is estimated at £200m over 10 years.

6.1

Funding Roadmaps
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Influence/Stakeholders

There are multiple organisations with which MarRINav will need to work with to achieve the goals
of this roadmap. These organisations are of importance for a variety of reasons, be it related to
standards, funding, equipment supply, professional bodies, policy, or combinations thereof. The
list below is not exhaustive but provides an indication of the complexity of the landscape:

Notes

Area of Influence
Organisation

UK Government:

Funding
X

Cabinet Office
BEIS (UKSA)

X

X

X

Provides funds for Galileo
and EGNOS

X

European GNSS Agency

X

DG (MOVE)

X

International
Association of Aids
to Navigation and
Lighthouse
Authorities

International
Electrotechnical
Commission

International
Marine
Organisations

Equipment
Supply

X

DG (GROW)

X

Professional
Bodies

Potential for central
Government funding/sign
off for funding for
infrastructure. UKSA Lead
UK Space policy. UK
Funding for ESA goes
through UKSA

X

X

GSA

ESA

Standards

X

DfT
European
Commission:

Policy

Influences
policy

X

DG for Internal Markets,
Industry, Entrepreneurship
and SMEs
DG for Mobility and
Transport
Informs
future
standards

X

X

X

Shapes the development of
Europe’s space capability by
coordinating the financial
and intellectual resources
of its members.
Members work together i to
harmonise aids to
navigation worldwide and
to ensure that the
movements of vessels are
safe.
World’s leading
organization for the
preparation and publication
of International Standards
for all electrical, electronic
and related technologies.
A specialised agency of the
United Nations responsible
for regulating shipping.

MarRINav – 4000126063/18/NL/MP – 2020-02-28
D10 Initial Roadmap & Plans v2.0

Radio Technical
Commission for
Maritime Services

X

BiMCO

X

Lloyds List

Royal Academy of
Engineering

Royal Institute of
Navigation

The Nautical
Institute

Primary international trade
association for the shipping
industry

X

International
Maritime Pilots’
Association

UK Harbour
Masters
Association

Engaged in the
development of
international standards for
maritime radio navigation
and radio communication
systems

X

International
Chamber of
Shipping

British Port
Association
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X

X

Promoting professional
standards of pilotage
worldwide in the interests
of pilots’ safety
X

World’s largest
international shipping
association

X

Provides maritime
intelligence, analysis and
insight

X

Potential funding from port
fees. Also, infrastructure at
ports will need to be
enhanced for certain R-PNT
applications

X

Represents and support the
views of harbour masters to
governmental bodies, to
organisations
representative of port
authorities and other
persons within the UK.

X

Champions excellence in
the field of engineering

X

Works to further the
development of navigation
on land and sea, in the air
and in space.

X

Represents seafarers' and
practical maritime
professionals' views at the
highest level.

UK Chamber of
Shipping

X

Trade Association

UK Industry/
Manufacturing

X

2nd Tier Suppliers

Through events such as the Dissemination Workshop, MarRINav will undertake a wide
consultation of the project outputs to ensure maximum understanding of our aims and to garner
support across the organisations listed above. Only through collective support and collaboration
can the vision of MarRINav be attained.
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External Factors

A PESTEL analysis has been undertaken to highlight the external factors relating to the success of
this roadmap. By doing so we are able to recognise and understand what additional influences
are at play. These factors are wide reaching and will play out in the near, mid-term and far future.
MarRINav has no real direct influence over how these factors play out so it is essential to maintain
an understanding of how they are developing and what first and second order effects they may
bring. PESTEL stands for:
•
•
•
•
•
•

8.1

Political
Economic
Societal
Technology (in this case more relating to emerging technology)
Environmental
Legal (in this case relating more towards policy)

Political

The greatest political factor facing MarRINav at present is Brexit. The UK is now in the Brexit
transition period with negotiations underway between the European Commission and UK
Government on what the future relationship will look like. The uncertainties around this are still
great: will there be a UK GNSS, what will the UK’s position be regarding use of Galileo and EGNOS,
what will our future relationship with ESA, the GSA, and other maritime competent authorities
in Europe be like post-Brexit? To add further opacity there will be a UK general election on 12th
December 2019 which could lead to a new government in Westminster with a different political
direction that might see a change in policy towards resilience and integrity in PNT. To add further
complexity another Scottish independence referendum may also be on the table: the breaking
up of the UK would likely have even wider/further implications than Brexit.
International politics have seen GNSS battles being fought on a number of fronts. There is
growing evidence that the Russian Federation has been successfully spoofing GNSS signals for a
number of years, with nearly 10,000 suspected instances, affecting some 1311 vessels, taking
place between February 2016 and November 2018 (5). Other suspected spoofing activities have
affected US military drones operating in Syria.
The US eLoran policy may also be a key influencing driver in what happens regarding the UK’s
high integrity, resilient PNT. The policy was announced in 2018 and states that a resilient timing
capability such as could be achieved by the eLoran system must be in operation within 2 years of
enactment and operational for at least 20 years. Will the UK follow in the USA’s footsteps as it
so often has?
Further influences include a number of international conferences and workshops, including the
World Radio Conference, held once every 3-4 years. The 2019 conference included the shaping
of VDES and future conferences will also likely include themes of relevance to MarRINav. The
IALA will also be hosting a series of workshops on beacons, and R-mode for VDES and MF.
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There are also other strategies and plans at play. The European Radio Navigation Plan was first
released in 2018 and will likely be updated a number of times in the 2032 timeframe. The plan
may provide incentive(s) to streamline investment in terrestrial Positioning, Navigation and
Timing (PNT) infrastructure whilst improving the safety, robustness and security of the PNT
landscape as a whole (for both space and terrestrial systems).
The Department for Transport also has a Maritime 2050 strategy, which MarRINav will
continuously engage with.

8.2

Economic

A willingness by ship owners to procure new kit and equipment is often constrained by the value
of the vessel and its contents. A key driver in change is regulation, something which is slow to be
introduced in the maritime sector although there appears to be a willingness to spend between
£5000 and £50000 on navigation systems (6). Improving safety of life at sea and proving that the
cost savings through efficiencies are great enough may help to influence the decisions made by
maritime users in purchasing new equipment. Work package 5 provided a cost benefit analysis
which found that MarRINav has a benefit-cost ratio of 2.2, suggesting the solution would be
recommended under the assumptions made.
New standards and equipment requirements will also provide an opportunity for the UK supply
chain as manufacturers produce new products.

8.3

Societal

With 95% of all UK imports arriving by sea, it is hard to overstate the importance of maritime
shipping. Our ability to move goods and people into and out of the country in an efficient manner
is vital to the economic and social welfare of those living in the UK. Our society is our ultimate
end user and how much they are willing to trust in new technologies, such as autonomous
vessels, depends on our ability to achieve our goals. We must also be cognisant of how changing
attitudes to climate change and pollution at sea impact voter trends and consumer demands.
However, it may be possible to have some influence here as high integrity, resilient PNT will
improve safety of life, not just at sea but in road and rail transport, as well as lower the
environmental impact of shipping through more efficient routing.

8.4

Technology (emerging)

There are a number of projects currently underway that are researching the uses of other
technologies of benefit to resilient and high-integrity maritime PNT. These projects may not have
a purely maritime focus but their outputs will be of benefit. It is important to maintain a watching
brief on these as it is possible to ‘lose’ technology: by this we mean that a new piece of technology
could be developed and trialled but is superseded by another project that achieves better results.
The technology developed in the first project is then not progressed to a demonstrator phase but
some years later it is being trialled again as it is believed to meet new requirements.
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The projects that MarRINav believe to be of interest are:
Maritime Connectivity Platform (MCP): The MCP is a communication framework enabling
efficient, secure, reliable and seamless electronic information exchange between all authorized
maritime stakeholders across available communication systems. The Platform allows maritime
service providers to upload details of their service(s) onto a centralised platform which mariners
can choose to use as they see fit. There are likely geographical limitations to the services
although the greater its use and uptake the more and better services are likely to be included.
(7)
Sea Traffic Management (STM) Validation Project: this project is working to a 2030 timeframe
to create a “safer, more efficient and environmentally friendly maritime sector”. It is placing
significant emphasis on navigation and real-time data sharing and has created numerous test
beds across Europe. The project has set out to reduce accidents, reduce voyage costs, and
waiting time for berthing, as well as lowering fuel consumption. (8)
Quantum Clocks: The National Physical Laboratory (NPL) has developed a miniature atomic clock
which is now being commercialised by Teledyne-e2v. This is a prototype caesium atomic clock
which provides a portable timing reference suitable for services such as energy supply, transport,
mobile communications, and electronic financial transactions. It is expected that these small
clocks, measuring some 50cm wide by 5 cm high, will be commercially ready within the next 2
years (9). The clocks will provide for longer holdover times in case of GNSS outage. The cost of
these clocks is as yet unknown but likely to drop with time making them more commercially
viable.
UK GNSS: Prime Minister Theresa May announced on 30th November 2018 that post-Brexit the
UK would not be using the Public Regulated Service (PRS) from Galileo. Instead, the UK would
invest in its own GNSS capability. An Outline Business Case was approved providing funding of
£92m for a study to analyse the requirements, cost, design and schedule for the building and
operation of a UK GNSS system (10.) An expression of interest for receiver concept development
was released by InnovateUK in October 2019, with associated funding due for announcement in
November 2019.
Ministry of Defence, Robust Global Navigation System (R-GNS) project: In September 2019 a
£67m contract was awarded to Qinetiq to provide R-GNS. R-GNS will deliver a precise source of
position, velocity and time information, which will be resilient to electromagnetic interference,
for defence and broader exploitation (OGDs, industry, critical national infrastructure etc.). The
system will receive signals from any open source positional satellite system (11).
There are other emerging trends that MarRINav needs to be cognisant of. For example, enavigation requires multiple data sources to be integrated, analysed, and displayed in such a way
that the ship’s crew can make timely and safe decisions. Some key enablers to this include
technologies that, whilst in use in some sectors with limited capability, are still very much in
development, such as: machine learning; artificial intelligence; and advanced sensor
technologies.
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Environment

Environmental factors covers huge challenges with the greatest and most obvious being climate
change. The ever-decreasing extent of Summer sea ice in the Arctic is an ecological disaster that
ironically comes with exploitable economic benefits. As the North West Passage opens then new
sea routes will become available that will shorten journeys and result in changing traffic patterns.
Providing high-integrity resilient PNT in these latitudes has its own challenges: poor EGNOS
coverage due to poor visibility of geostationary satellites; poor heading accuracy is also an issue
both from magnetic and inertial systems; the Arctic has a lack of radio-navigation infrastructure;
as well as poor GNSS performance. Changes to Arctic sea ice will also see more drifting ice
patches. To ensure the safety of vessels the regularity of Earth observation imagery will need to
improve so more detailed monitoring can take place: this information will need to be transmitted
to ships in a timely manner for it to be actionable. It is not just trade that will be affected by this,
but tourism, fishing and mineral exploitation are all expected to exploit this situation. All of these
come with safety of life issues which high-integrity resilient PNT can play a role in.
It is also worth considering sovereignty as Arctic nations position themselves to benefit as much
as possible both economically and militarily. It is possible that increased disruption to GNSS
occurs to protect national interests.
There is also a more general increase in competition for sea space from the establishment of
new, larger, offshore wind farms, increases in fin-fish farming, particularly offshore, and an
increase in conservation areas. This will all lead to more congested sea spaces which will require
a greater level of high integrity resilient PNT. Couple this with an ever-increasing ship size and
expanding global fleet and the result is an expected doubling of seaborne trade by 2030.

8.6

Legal

There are legal processes in place for the erection and operation of radio masts. The planning
process is outlined within the National Planning Policy Framework although planning guidelines
for building is dependent on the local authority/devolved administration. The timescales and
requirements for these will need to be understood to ensure a smooth rollout of new
infrastructure. For example, in Scotland 28 days’ notice is required prior to erecting a mast with
planning permission (12). OFCOM, the communications service regulator, aims to make a
decision within 6 weeks of the receipt of a license to broadcast application: further information
is available in The Wireless Telegraphy (Licensing Procedures) Regulations 2010 (13).
There may also be policy challenges to understand and overcome, not least of all with Brexit due
to take place on 31st January 2020 and a UK General Election taking place on 12th December 2019.
A new government in Westminster would mean new Ministers, possibly with a different focus.
MarRINav will need to respond to this as quickly as possible.
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The UK Space Agency (UKSA) may also see a change in direction with a new government with a
change in spending priorities. As the UK’s funding portal into the European Space Agency (ESA),
the UKSA are a key stakeholder in MarRINav.
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Approach to Success/Delivery

From a technical and infrastructure perspective MarRINav intends to move forward with stage 2
in 2020. This will be a demonstrator project that will create a core high-integrity, R-PNT system
with a suitable transmitter and communications infrastructure as early as possible. The
demonstrator will prove the capability of this system during a trial period of 2 years, culminating
with the acceptance of an initial operating capability of terrestrial high-integrity R-PNT. This will
then form the foundation on which to build the full operating capability, with costs being refined
over time.
Success, though, is not just a function of technology development. Strong leadership, political
will, and a clear vision are also required to bring about the necessary collaborations to ensure
the UK CNI has a successfully implemented resilient, high-integrity, PNT system in the 2032
timeframe. Funding of key programmes, initially front loaded by government for R&D,
demonstrator projects, and infrastructure is required. It is expected that this funding will
transition to private enterprise as technologies and systems mature. Figure 3 shows an indicative
timeline for future MarRINav activities.

Figure 3: Timeline of activities for MarRINav 2.

The MarRINav team will maintain a watching brief on the various policies, workshops and
conferences mentioned in previous chapters, with a view to informing and influencing where
possible as well as ensuring the work we undertake is complementary to that of our international
partners, wherever possible. Keeping up to date on external influences will also ensure MarRINav
remains relevant and appropriate.
Perhaps the biggest challenge is the collaboration required across multiple organisations across
multiple sectors. The MarRINav team will not be acting alone and will look to public, private and
third sector organisations to play their role in ensuring the resilience and integrity of the UK
critical national infrastructure relating to maritime and port PNT and communications are
underpinned with an appropriate network of systems taking account of international practice by
2032.
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MarRINav therefore makes the following recommendations:
1. Create a wide-reaching consensus for the future development of a resilient and highintegrity PNT system-of-systems, meeting the needs of the future UK CNI
2. Identify an appropriate source of funding to enable the MarRINav project be progressed
to Phase 2, to build on the conceptual solution, adding design detail, and undertake fieldscale proof-of-concept demonstration
3. Engage further with legislators, regulators, standards agencies, industry bodies and
manufacturers
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