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Executive Summary 
GNSS (principally GPS and GLONASS) have become the primary source of positioning, 
navigation and timing (PNT) for maritime operations. GNSS-based positioning is used by 
many systems on vessels and it is the source of the vesselôs position used by AIS and 
GMDSS. Safe navigation, the protection of the marine environment and the efficiency of 
access to ports in the North Sea Region are highly dependent on the availability, continuity 
accuracy and integrity of GNSS- based positioning.   

GNSS is vulnerable to jamming and natural interference. When GNSS is denied, PNT 
information can be seriously affected in ways that increase risks to the safety of navigation. 
PNT data may become unavailable for a period, resulting in alarms being raised by many 
bridge systems. In some cases, Hazardously Misleading Information (HMI) may occur in 
which position errors are large enough to have an impact on navigation safety but small 
enough that no alarms are raised. These erroneous positions could go unnoticed by the 
mariner and significantly increase the risk of grounding or collision. 

Additionally, the functioning of The Maritime Cloud, the backbone of e-Navigation data 
communications, will depend on reliable vessel positioning information for its geo-location 
based architecture.    

The resilient PNT solutions within ACCSEAS aim to provide dependable positioning at all 
times, even under GNSS interference and jamming conditions, through the use of 
complementary backup positioning systems that are independent of GNSS. The Multi 
Source Positioning Service (MSPS) is a critical service that assures the appropriate use of 
positioning and its associated uncertainties for the portrayal and reporting of the vesselôs 
position and for applications within other services on board and ashore. 

This document presents the background to and development of the ACCSEAS Multi-Source 
Positioning Service (MSPS). It demonstrates the links to the overarching IMO e-Navigation 
architecture, outlines the infrastructure provided for the MSPS, the required input technical 
services and output operational services. It also considers standardisation and the future 
evolution of the service.    
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1 Introduction 

1.1 Rationale 

GNSS (principally GPS and GLONASS) have become the primary source of positioning, 
navigation and timing (PNT) for maritime operations. GNSS-based positioning is used by 
many systems on vessels and it is the source of the vesselôs position used by AIS and 
GMDSS. Safe navigation, the protection of the marine environment and the efficiency of 
access to ports in the North Sea Region are highly dependent on the availability, continuity 
accuracy and integrity of GNSS- based positioning.   

GNSS is vulnerable to jamming and natural interference. When GNSS is denied, PNT 
information can be seriously affected in ways that increase risks to the safety of navigation. 
PNT data may become unavailable for a period, resulting in alarms being raised by many 
bridge systems. In some cases, Hazardously Misleading Information (HMI) may occur in 
which position errors are large enough to have an impact on navigation safety but small 
enough that no alarms are raised. These erroneous positions could go unnoticed by the 
mariner and significantly increase the risk of grounding or collision. 

Additionally, the functioning of The Maritime Cloud, the backbone of e-Navigation data 
communications, will depend on reliable vessel positioning information for its geo-location 
based architecture.    

The resilient PNT solutions within ACCSEAS aim to provide dependable positioning at all 
times, even under GNSS interference and jamming conditions, through the use of 
complementary backup positioning systems that are independent of GNSS. The Multi 
Source Positioning Service (MSPS) is a critical service that assures the appropriate use of 
positioning and its associated uncertainties for the portrayal and reporting of the vesselôs 
position and for applications within other services on board and ashore. 

1.2 Role 

The Multi Source Positioning Service (MSPS) provides position, navigation and timing 
information with a dependable level of performance wherever it is needed within the 
ACCSEAS test-bed. The specified service level will assure the accuracy, integrity, 
availability and continuity of service of the PNT information and will indicate the bounds of 
uncertainty associated with the estimated accuracy of the PNT solution. This will enable the 
robust and confident portrayal of position for mariners and shore based operators. It will also 
ensure that the navigation risks inherent in e-Navigation services are reduced through the 
recognition of the quality of PNT data and the use of dependable uncertainty and integrity 
information. Examples of services that could benefit are the display of safety margins to 
prevent groundings and collisions and the use of uncertainties in calculations of intended 
routes and route exchange. 

1.3 Pre-requisites 

The ACCSEAS Multi-Source Positioning Service assumes that shore-side infrastructure is 
available for the provision of Resilient PNT; including signals in space, propagation data, 
associated reference station installations, and transmitter and reference station almanac 
information. 

The service follows the principles of the IMO overarching architecture for e-navigation. The 
MSPS Operational Services will be provided for the ACCSEAS E-Navigation Prototype 
Display (EPD).  
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2 The Structure of The Multi-Source Positioning Service 

2.1 Relationship to IMO e-navigation Architecture and MSP 

This section describes the IMO e-navigation architectural context within which the Multi 
Source Positioning Service resides and is based on [1]. Further detail is provided in the 
ACCSEAS Work Package 4 ï Architecture Report [4]. 

 

 

Figure 2.1 - Generic architecture of the maritime Integrated PNT system. After [1]. 

Figure 2.1 shows the general architecture of the maritime Integrated PNT System. The 
system is based on GNSS as the primary positioning source with shore- and ship- side 
components and communications links. Integrated use ensures the accurate and reliable 
provision of shipsô PNT data to applications (and other e-navigation services) during all 
phases of voyage in a timely, complete and unambiguous manner [1]. The ACCSEAS Multi-
Source Positioning Service follows this generic architecture.    
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Figure 2.2 ï Ship-side PNT entity with PNT Data Processing Element. 

 

Referring to Figure 2.2, document [1] states: 

ñThe PNT Element is an approach to meet identified user needs such as improvement and 
indication of data and system integrity. The presented approach enables the use of variety of 
PNT relevant sensors and sources. Their combined use exploits the redundancy by 
processing data on raw data level. The utilization of PNT relevant augmentation coming from 
different shore-side services (MSP), the integration of additional PNT relevant data sources 
(e.g. ePelorus, Racon), and the application of future PNT relevant MSI (Maritime Safety 
Information) is supported by this approach. By implementation of integrity monitoring 
functionalities the PNT Element has the potential to identify and provide the best PNT data 
and to indicate the current accuracy and integrity. Integrity information provided by the PNT 
Element is the basis for automatic reporting and improved alert management dealing with 
PNT.ò  

The ACCSEAS implementation of the Multi-Source Positioning Service will follow this 
architecture for the most part, limiting the prototype serviceôs scope to radionavigation 
systems; Figure 2.3.  
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Figure 2.3 ï Structure of the ACCSEAS ship-side Multi Source Positioning Service 
architecture. 

 

Figure 2.3 expands horizontally on the architecture of Figure 2.2 by illustrating the 
requirement for input Technical Services to support the separate services supplying the 
ñPNT Sensorsò within the Multi-System Receiver. 
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2.2 Entity Diagram of the Multi-Source Positioning Service 

 

Figure 2.4 ï Entity Diagram for Multi-Source Positioning Service. This does not yet consider IHO S-100 data models but is a reference 
for future development work in this area.  
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Figure 2.4 presents an entity relationship diagram, which identifies the main entities within 
the Multi-Source Positioning Service. No attempt is made to be compatible with S-100 
product descriptions at this stage, but the diagram attempts to be self-explanatory and 
serves as a starting point for further discussion on the construction of the service and the 
serviceôs system requirements.  

 

2.3 Required Input Technical Services 

Required input Technical Services are outlined in this section.  

 

2.3.1 RNP Service Levels 

Required Navigation Performance service levels differ for each voyage phase, and may 
differ for each supported e-Navigation service. For example, the IMO has stipulated a 10m 
(95%) Accuracy requirement for Port Approach, Coastal and Ocean phase navigation for 
future GNSS, as shown in Figure 2.5. There are also requirements for Integrity, Availability 
and Continuity. 

 

Figure 2.5 ï Extract from IMO Resolution A915 on requirements for future GNSS. 

 

 

Figure 2.6 ï IALA suggested maritime minimum requirements for general navigation 
employing ñbackupò systems. 

In addition, IALA has suggested minimum requirements for ñbackupò navigation systems; 
Figure 2.6. 

With the advent of the Route Topology Model (RTM) it is possible to associated the RNP 
parameters shown in figures Figure 2.5 and Figure 2.6 with each leg, node and junction of 
an RTM instance. Each e-Navigation service may also have a set of RNP requirements and 
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each will need to be made aware of the MSPSô capabilities with respect to these 
requirements.  

In certain locations, and under some conditions, the backup source of PNT may demonstrate 
less capability than the requirements due to infrastructure constraints; the MSPS service 
should alert the mariner and shore based support in these situations.  

 

2.3.2 Spectrum of Services 

Taking into account the considerations of Section 2.3.1, the MSPS may also use knowledge 
of the spectrum of services (service catalogue) offered at the vesselôs current location in the 
RTM ï such that a Horizontal Alert Limit (HAL) appropriate to each service can be assigned 
for subsequent comparison with the current Horizontal Protection Level (HPL).  

 

2.3.3 Navigational Charting Uncertainty 

Current methods of assessing charting uncertainty include S-57 attributes POSACC, 
SOUACC and TECSOU, which provide bathymetry positioning accuracy and depth sounding 
accuracy. This data may be considered within the MSPS through an additional input 
component to the HPL computation.  

 

2.3.4 Differential Positioning Correction Data 

Differential-Loran data will be transmitted over the Loran Data Channel (LDC), currently 
Eurofix in Europe.  

Differential-GPS data will be transmitted over the network of IALA radiobeacons, or EGNOS 
when deemed appropriate.  

Differential-R-Mode correction data may be required for Medium Frequency R-Mode.  

 

2.3.5 Propagation Data ï eLoran and R-Mode  

eLoran Additional Secondary Factor (ASF) data is typically measured once and for all, fixed 
and published by storing it within the flash memory of a receiver. Such data can be made 
available through manual download from a website and uploaded to the receiver.  

However, in the e-Navigation environment, propagation data can be associated with legs 
and nodes of the RTM. Conveniently, up-to-date data can then be made available through 
automatic download via the Maritime Cloud, at the appropriate time, as a vessel enters a 
particular leg of its route.  

Data will need to be made available in XML format for transfer, and be defined in the IHO 
S-100 Registry.   

Similar propagation data may well be required for Medium Frequency R-Mode. There is no 
intention to implement such a scheme under the ACCSEAS project, but it may be 
considered to be a future e-Navigation service.    

 

2.3.6 Almanac Data 

New transmitters, monitor sites and differential reference stations may appear from time to 
time and data updates would be required for the MSPS to take these into account. 

Again, up-to-date data can be made available through automatic download via the Maritime 
Cloud, at the appropriate time, as a vessel enters a particular leg of its route.  
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Data will need to be made available in XML format for transfer, and be defined in the IHO 
S-100 Registry.   

 

2.3.7 Integrity Information 

System status information will be vital to maintaining knowledge of integrity and positioning 
accuracy. eLoran integrity alerts shall be generated by an infrastructure (external) based 
integrity monitoring system, mostly to mitigate and alert the user to rare ñearly skywaveò 
events1. Early Skywave is an effect whereupon a copy of the ñwantedò groundwave signal 
pulse arrives by skywave reflection when the ionosphere is particularly low in altitude owing 
to strong solar activity. The magnitude of the effect depends on the distance between a user 
and the respective eLoran transmitter, and the userôs geomagnetic latitude.  

On the rare occasions when strong sky wave interference is likely, or there is likely to be a 
transmitter or differential correction data outage, users should be notified within a particular 
time-to-alarm period (see Figure 2.5 and Figure 2.6).  

Currently, eLoran integrity information is disseminated by the Loran Data Channel (LDC), 
however the Maritime Cloud may also provide the data link.   

Similar integrity information should be provided for R-Mode once the technology is deemed 
mature enough for use within e-Navigation.  

 

2.4 Required Output Operational Services 

For ACCSEAS, the MSPS will be required to output data to other services, these data have 
been outlined in Section 4, and summarised in Table 2.   

                                                

1 The term ñEarly Skywaveò refers to the earlier than normal arrival, at a userôs receiver, of a copy of 
the wanted signal via skywave such that the skywave version of the signal interferes with the standard 
tracking point of the wanted signal.  
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3 Functional Description and Design 

3.1 Top Down Design 

Figure 3.1 shows a high level top-down design diagram of the ACCSEAS MSPS.  

 

 

Figure 3.1 ï Top down design of Multi-Source Positioning Service. (Note that radar 
absolute positioning, although demonstrated, will not be implemented within the 

timeframe of ACCSEAS). 

The next sections consider the shore side and ship side infrastructure of the ACCSEAS 
Multi-Source Positioning Service. 

 

3.2 ACCSEAS Shore Side Components 

Shore-side components include the fixed infrastructure and equipment to provide Technical 
Services for the Multi-Source Positioning Service.  

 

3.2.1 ACCSEAS Resilient PNT System 

The ACCSEAS Resilient PNT System consists of components of GPS, eLoran, and MF R-
Mode. Figure 3.2, also shows the Functional and Physical data communications links 
between the shore-side and ship-side components.  
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Figure 3.2 ï Organisation of ship-side and shore-side components of the Resilient 
PNT system with Functional and Physical Data Links.  
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3.2.1.1 MF Radiobeacon R-Mode and VHF AIS 

The IALA DGPS radiobeacon network broadcasts differential-GPS correction data using 
Minimum Shift Keying between 285kHz and 315kHz (Medium Frequency). Correction data is 
generally receivable by ship board DGPS receivers out to 200 Nautical Miles from each 
beacon.  

Under ACCSEAS it is planned to add a suitable tracking signal to the basic DGPS broadcast 
of the beacon at Ijmuiden in The Netherlands. The data collected from this trial installation 
will be used to inform on the potential performance capability of a full-blown navigation and 
positioning system based on R-Mode technology. 

In addition, AIS, transmitted on part of the marine VHF radio band, provides a convenient 
source of radio signals distributed about the coasts of the NSR and inland waterways.  
Adding a ranging component to the AIS broadcast could provide a useful source of 
positioning.  

A feasibility study on all of these aspects has been performed under the ACCSEAS project 
[2].    

  

3.2.1.2 eLoran ï Differential-Loran Reference Stations 

eLoran is supported in the ACCSEAS test-bed through the provision of differential-Loran 
Reference Stations in The Humber Estuary, and Hoek Van Holland (covering the Port of 
Rotterdam). eLoran positioning accuracy along the port approaches within these areas 
meets the IMO 10m (95%) accuracy requirement. Differential-Loran reference stations are 
also in place at Harwich/Felixstowe, Medway on the Thames Estuary, Dover, 
Middlesbrough, the Humber Estuary, Leith (Forth of Firth) and Aberdeen  

 

3.2.1.3 Radar Absolute Positioning - eRacons 

So far two independent technologies that could potentially provide a radar absolute 
positioning service have been identified. A trial of one of these systems was performed by 
the ACCSEAS project, for which a report is available [3].  

 

3.3 ACCSEAS Ship Side Components 

Ship-side components include the equipment and software to provide Operational Services 
for the Multi-Source Positioning Service.  

 

3.3.1 Multi-Source Receiver (MSRX) 

A diagram of the ACCSEAS Multi-Source Receiver is shown on the right hand side of Figure 
3.1. The MSRX contains separate eLoran and DGPS receivers, and the ability to read in 
NMEA sentences containing radar absolute positioning data for analysis within the built-in 
PNT Data Processor. MF R-Mode functionality may be added in the future by changing the 
firmware of either the DGPS receiver or the eLoran receiver.  

 

3.3.2 eRadar 

One option is to replace the existing shipôs radar with a prototype ñNew Technology Radarò 
that is capable of triggering eRacons and receiving the returned eRacon signature. The 
eRadar then demodulates the eRacon position data, which is modulated onto the dash of 
the eRacon return. The eRadar then performs a position computation using either one or two 
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such eRacon returns. Each eRacon provides a single line-of-position (LOP) consisting of 
range and bearing information from the eRadar to the eRacon. Positioning may be 
performed using one LOP, but two LOPs are required for the highest level of accuracy.  

Another option is to employ a ñpassiveò radar technique, which relies on image pattern 
recognition techniques through the addition of an interface box to the already existing shipôs 
radar. Absolute radar positioning will not be implemented in the ACCSEAS timeframe.  

 

3.3.3 PNT Data Processor 

The Resilient PNT Data Processor Module performs several functions, and is the key 
innovation in the implementation of the MSPS. The functions include the following:  

¶ Computes a position solution based on TOA measurements from eLoran or RMode 
receivers, as required 

¶ Stores and applies propagation data corrections (e.g. eLoran ASFs) 

¶ Applies differential correction data to the pseudorange measurements of terrestrial 
PNT services 

¶ Computes and maintains the Horizontal Protection Levels (HPL) for complementary 
PNT services and the primary GPS service 

¶ Detects incidents of GPS interference and jamming, and monitors the interference 
level 

¶ Potentially can be used to analyse the data output from an eRadar for the integrity 
assurance of absolute radar positioning  

¶ Automatically and seamlessly switches the main PNT output of the service to the 
best available backup source given the prevailing interference/jamming conditions 

¶ Generates alarms for the purposes of notifying the mariner and shore-based 
stakeholders 

 

Figure 3.3 shows this functionality in diagrammatic form.  

Some or all of the above functionality will likely be commuted into the functionality of future 
receivers. This is unlikely to occur under ACCSEAS, but the ACCSEAS Resilient PNT Data 
Processor Module provides a platform that is independent of receiver developments. In 
addition, the moduleôs functionality and algorithmic implementations may be used to inform 
required receiver algorithm design.  
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Figure 3.3 ï The main functions of the ACCSEAS Resilient PNT Data Processor. (Note 
that the HPL computation for radar will not be implemented under ACCSEAS.) 

 

3.3.4 Rich Positioning Data Encoder/Decoder 

All interfacing to the outside world is performed through a data stream. Output data will be 
provided via NMEA sentences similar to those described in Table 1.  

 

Sentence Header Content 

$GPGGA Global Positioning System Fix Data 

$GPGLL Geographic position, latitude / longitude 

$GPGSA GPS DOP and active satellites 

$GPGSV GPS Satellites in view 

$GPHDT Heading, True 

$GPRMB Recommended minimum navigation info 

$GPRMC2 Recommended minimum specific GPS data 

$GPVBW Dual Ground / Water Speed 

$GPVTG Track made good and ground speed 

                                                

2 This will be modified by the Resilient PNT software for output.  

http://aprs.gids.nl/nmea/#gga
http://aprs.gids.nl/nmea/#gll
http://aprs.gids.nl/nmea/#gsa
http://aprs.gids.nl/nmea/#gsa
http://aprs.gids.nl/nmea/#hdt
http://aprs.gids.nl/nmea/#rmb
http://aprs.gids.nl/nmea/#rmc
http://aprs.gids.nl/nmea/#vbw
http://aprs.gids.nl/nmea/#vtg
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$GPXTE Cross track error, Measured 

$GPZDA Date & Time 

$GPMSS3 Marine beacon differential-GPS data 

$PRPNT Resilient PNT specific data containing HPL and integrity 
alerts. This is a proprietary sentence.  

Table 1 ï Proposed output NMEA sentences. 

The ACCSEAS EPD has been designed to accept three types of sentence from the Multi-
Source Receiver; $GPRMC, $ELRMC and $PRPNT; examples and data field descriptions 
follow:  

 

$GPRMC,095802,A,5154.9347,N,00125.7874,E,014.0,206.8,010313,0,E*61 

 

095802 = Time of day, 09:58:02 

A = Validity flag, A-ok or set to óVô for InValid 

5154.9347 = Latitude 51 degrees 54.9347 Minutes 

N = Latitude North 

00125.7874 = 1 Degree 25.7874 minutes Longitude 

E = Longitude East 

014.0 = Speed 14kts 

206.8 = Heading 206.8 degrees True 

010313 = Date March 1st 2013 

0 = Magnetic Variation (not used) 

E/W = Magnetic Variation (not used) 

*61 = Bit-xor checksum 

 

eLoran navigation data is indicated with the non-standard talker ID EL: 

$ELRMC,095755,A,5154.9566,N,00125.8246,E,006.8,210.5,010313,0,E*72 

 

In addition, integrity alerts and PNT source indication is provided to the EPD as follows: 

$PRPNT,1.0,1,A,008.5,005.3,003.1,116*2A 

 

1.0 = Sentence version number (may be subject to change pending software development) 

1 = PNT Source to use (1 = GPS óGPRMCô, 2 = eLoran óELRMCô, 3 = Radar óRDRMCô etcé 
0 = do-not-use flag) 

                                                

3 Or equivalent. 

http://aprs.gids.nl/nmea/#xte
http://aprs.gids.nl/nmea/#zda
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A = GPS Jamming Flag A-ok; J=Jamming; S=Spoofing (future addition) 

008.5 = HPL in meters (8.5m), if this breaches the HAL, will set the validity flag to óVô for 
corresponding navigation óRMCô sentence. 

005.3 = Error-ellipse major axis (5.3m), for eLoran this is equal to the HAL 

003.1 = Error-ellipse minor axis (3.1m) 

116 = Angle of ellipse major-axis from True North. 

*2A = usual bit-xor checksum 

 

3.3.5 RF Sampling, Down Conversion and Signal Tracking 

These elements are not considered further here, but are deemed the responsibility of the 
manufacturer of the Multi-Source Positioning Receiver.  

 

3.4 IHO S-100 Product Specifications 

S-100 Product Specifications will be required to be developed for data provided by Technical 
Services and the Operational Services provided by the Multi-Source Positioning Service. 
The first step will be the development of data models for the following: 

1. Vessel positioning information 
2. eLoran ASF data 
3. eLoran transmitter almanac data 
4. R-Mode transmitter almanac data 
5. Differential-Loran Reference Station almanac data 

A Task Group has been established under the IALA e-Nav committee, with the group being 
invited to consider the following: 

- The most suitable means of defining the format of the data.  This may be the use of 
an S-100 product description, or another suitable means. 

- Develop a database suitable to contain the IALA DGNSS station list.  

- Develop a database, or databases, suitable to contain the necessary eLoran 
reference station almanac and ASF data. 

 

3.4.1 Vessel Rich Positioning Information Data Model  

The aim of this data model is to describe the data required to be provided concerning vessel 
positioning to other ships and shore users, such as VTS. Section 4 describes the data that 
should be included in this data model.  

 

3.4.2 eLoran ASF Data Model 

eLoran ASF data is typically characterised as sets of gridded data. One grid is provided for 
each eLoran transmitter. ASF data may be divided into two forms depending on phase of 
voyage.  
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Coastal Phase ASFs are large grids covering the entire coastal region of a nation or 
administration. They may be based on radio frequency propagation modelling, calibrated 
using sparse sets of measurement data. These grids are typically not associated with any 
single differential-Loran reference station, and would provide lower accuracy positioning 
should a primary source of PNT suffer an outage.  

Port Approach Phase ASFs are associated with one or more differential-Loran reference 
stations, and have local coverage of approximately 50km radius from the reference station. 
Port Approach phase ASFs are typically produced by making precise measurements, and 
provide 10m (95%) accuracy performance. 

 

Both types of ASF grid are candidates for distribution over The Maritime Cloud. A vessel 
new to a region could automatically download, via the Maritime Cloud, ASF data for the 
target port approach, or coastal region.  

Data would include: 

¶ Designated name of grid 

¶ Gridded ASF values 

¶ Applicable coverage area 

¶ Applicable transmitter 

¶ Associate DLoran reference station(s) name(s) and ID(s) 

¶ Date of issue 

¶ Version number 

¶ Gridded error data for inclusion within integrity equations (RAIM) 

¶ Expected ECD in the area to aid receiver tracking 

¶ Identification of the service provider  

 

3.4.3 eLoran Transmitter Almanac Data Model 

eLoran transmitters are characterised by their wide geographical separation, each providing 
regional signal coverage of approximately 1000km radius.  

Almanac data would be suitable for distribution over The Maritime Cloud. A vessel new to a 
region could automatically download transmitter almanacs for the region and configure 
eLoran software receiver. New transmitters could be included in the almanac and updates 
issued. IALA already maintain a list of Loran transmitters in their document ñIALA List of 
Radionavigation Services ï Loran-C and Chayka 1996ò, and new list will be needed that 
includes eLoran transmitters.  

Data would include:  

¶ Geographical Location in WGS-84 co-ordinates 

¶ ECD ï Envelope to Cycle Difference 

¶ Power 

¶ Station identification 

¶ Operational status 

¶ Emission Delay (ED) 

 

3.4.4 Medium Frequency (MF) R-Mode Transmitter Almanac Data Model 

MF R-Mode transmissions are broadcast on the IALA radiobeacon differential-GPS service 
(285kHz to 315kHz). Each transmission provides regional signal coverage of approximately 
200km service radius.  
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Almanac data would be suitable for distribution over The Maritime Cloud. A vessel new to a 
region could automatically download transmitter almanacs for the region and configure the 
R-Mode software receiver. New transmitters could be included in the almanac and updates 
issued. IALA could maintain this transmitter list.  

Data would include:  

¶ Geographical Location in WGS-84 co-ordinates 

¶ Power 

¶ Station identification 

¶ Operational status 

 

3.4.5 AIS (VHF) R-Mode Transmitter Almanac Data Model 

AIS R-Mode would be enabled by a tracking receiver locking onto the bit transitions of the 
data modulation on the GMSK AIS broadcasts at 161.075 MHz and 162.025 MHz.  

AIS based R-Mode almanac information would include the ID and locations of AIS base 
stations in the region.  

 

3.4.6 Differential-Loran (DLoran) Reference Station Almanac Data 

Differential-Loran Reference Stations are not so widely geographically distributed as eLoran 
transmitters, rather in a region of eLoran coverage there are many more reference stations 
than transmitters. A DLoran Reference Station is typically associated with a particular Port 
Approach. These are NOT radio stations, but monitors that are connected to the Internet, 
and which communicate with eLoran transmitters, which then broadcast the differential 
corrections to the mariner using the Loran Data Channel (LDC). They have local coverage of 
approximately 50 km radius. Almanacs would be suitable for distribution via The Maritime 
Cloud, and are candidates for IALA to maintain a list. A vessel new to a region could 
automatically download, from the Maritime Cloud, Dloran Reference Station almanacs for 
the region and configure the eLoran software receiver. 

Data would include: 

¶ Geographical location of the reference station in WGS-84 co-ordinates 

¶ Reference station ID 

¶ The nominal ASF for each eLoran transmitter served by the reference station 

¶ Applicable eLoran transmitters 

¶ Data update interval 

¶ Status and integrity alerts 

¶ The identification of the local service provider 
 

3.4.7 Other Considerations 

Propagation data, and differential services, may also be required for R-Mode service 
provision. Similar arguments, and specifications, to the differential-Loran service can be 
applied here. Although not covered here, radar absolute positioning services may also 
require almanacs of shore side transponders or passive reflectors.  

 

3.5 Portrayal 

The clear and unambiguous portrayal of a vesselôs location is a vital consideration for the 
integrity of information provided to the mariner. Plotting the vesselôs position as a single point 
on an ECDIS is misleading, with the mariner assuming that his/her positioning source, be it 
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GNSS, eLoran or R-Mode, is perfect. In reality every source of PNT contains measurement 
errors. Contributions from measurement errors include the variance of pseudorange 
measurements, HDOP, propagation data errors, differential correction data, ionospheric 
effects, data representation and charting errors all contribute to a vesselôs positioning 
uncertainty. All of these error sources may be summed and transformed into positioning 
errors in latitude and longitude; the precision of the service. Figure 3.4 shows positioning 
error over time for GPS as measured from a static location. 

  

 

Figure 3.4 ï GPS positioning error. 

Portrayal of a vesselôs position and position errors should be considered from the language 
of the appropriate standards organisation documentation, including IHO S-52 document 
performance standard for ECDIS, IEC Specifications (IEC 62376, IEC 62288), and IMO 
A.817 ï performance standards for ECDIS. 

  

3.5.1 Horizontal Alert Limit (HAL) and Horizontal Protection Level (HPL) 

All errors contributing to the system error are expressed as uncertainties. These 
uncertainties are summed in quadrature and transformed into the positioning domain. The 
resulting two-dimensional position error may be represented as an error ellipse. The error 
ellipse is linearly scaled to a positioning probability level corresponding to the desired 
integrity risk level (see Figure 2.5 and Figure 2.6). Traditionally the HPL is a computation 
performed by system designers to ensure the proper functioning of the system, but the same 
computation may be made available aboard ship in order to offer the mariner some 
reassurance that his PNT system is performing within the bounds recommended for 
particular applications (requirements).   

For integrity purposes, the MSPS ship-side component will calculate a HPL, for any 
navigation system, given knowledge and assumptions of the uncertainties.  
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It then becomes possible to plot the HPL ellipse at a convenient location on the ECDIS in 
addition to a finite point on the chart representing the vessel.   

Associated with each voyage phase (and indeed e-Navigation service) is a Horizontal Alert 
Limit, which is the limit (in metres) of positioning error tolerable by the given e-Navigation 
service or voyage phase. Should the HPL breach the HAL an alarm should be generated 
and the Multi-Source Receiver can then switch sources of PNT to one that is demonstrating 
an HPL that is lower than the HAL.  

Figure 3.5 illustrates the concept of the Horizontal Protection Level and the Horizontal Alert 
Limit, by overlaying these ellipses on the vesselôs position on a chart, or on a separate panel 
of the display. The size, shape and orientation of the HPL ellipse (green) is dependent on 
the currently predicted error bounds to positioning accuracy; and is built up from an error 
budget that is dependent on the PNT system currently in use by the vessel. As such, the 
HPL computation takes into account such parameters as noise on the pseudorange 
measurements, geometry to satellites or transmitters (Horizontal Dilution Of Precision), 
errors in augmentation data (ASF, differential corrections etc.), and the current integrity risk 
of the current e-Navigation service or application; for example Port Approach requires 

ρπ integrity risk over 3 hours. 

It should also be possible to add in the effects of errors in the nautical charts and other 
sources, thus portraying all error sources in one computation, providing a single display 
element and minimising screen clutter. Figure 3.5 represents normal operation with a vessel 
travelling with an arbitrary direction and speed. 

 

 

Figure 3.5 ï Horizontal Protection Level (green ellipse) and Horizontal Alert Limit 
(yellow dashed circle), represented by ellipses around the vessel indicator (purple). 
This configuration indicates positioning is good and can be relied upon; HPL<HAL. 
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Figure 3.6 ï Horizontal Protection Level (red ellipse) has breached the Horizontal Alert 
Limit (yellow dashed circle). This configuration indicates positioning accuracy 

performance is predicted to be bad and cannot be relied upon; HPL>HAL. 

 

 

Figure 3.7 ï Horizontal Protection Level (yellow ellipse) has reached the level of the 
Horizontal Alert Limit (yellow dashed circle). This configuration indicates estimated 

positioning accuracy performance is becoming poor but is still at the HAL level; 
HPL=HAL. 

 

 



Service Description: Multi Source Positioning Service  Issue:1
   Approved 

ACCSEAS Project         Page 26 of 55 

   

Figure 3.6 and Figure 3.7 indicate the situation where positioning accuracy performance is 
poor and borderline respectively. Each of these situations could be indicated by an audible 
alarm sounding on the bridge. The borderline case could cause alarms to appear and 
disappear quickly depending on the exact situation, so some level of hysteresis or 
observation threshold should be built into the system to avoid the annoyance of the 
reactivation of cancelled alarms.  

Note that the contribution of the PNT sourceôs positioning error to the vesselôs cross-track 
error depends on the orientation of the vessel with respect to the calculated HPL ellipse.  

Overlaying the HPL and HLA on a vessel plotted on a chart in this way has one obvious 
problem; the observability of the HPL will depend on the particular zoom level of the chart 
employed at the time. However the usefulness of the HPL representation increases as the 
mariner zooms into a chart and requires more detail. The usefulness of this overlaid 
approach should be assessed by consultation with mariners.  

An alternative option, and one that is preferred for ACCSEAS, is to display the HPL ellipse 
on a side panel of the chart, with an overlay of a scaled wireframe diagram of the vessel with 
bow pointing to the top of the display. This has been implemented in the e-Navigation 
Prototype Display (EPD) as developed by the DMA; Figure 3.8.  

The error ellipse is rotated depending on shipôs heading so that the mariner has an indication 
of cross track and along track contributions of the PNT sourceôs position error. This may be 
useful to provide the mariner with confidence during the navigation of narrow channels and 
coastal regions, particularly in situations where the primary source of PNT (typically GNSS) 
is not being used and the terrestrial fall back is subject to geometrical effects due to a limited 
number of transmitters. 

 

 

Figure 3.8 ï EPD showing Resilient PNT display panel in the lower right.  
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The HPL value may also be provided as a variable, computed in the background, for other 
operating e-navigation services and can be combined with the known location of chart 
elements to provide more accurate and timely information regarding proximity to charted 
structures, and other vessels.  

Note that the use of an HPL is akin to a simplified volumetric navigation system such as that 
proposed by the ARIADNA project.  

In addition, the HPL may be broadcast to VTS operators either by AIS, or via the Maritime 
Cloud. This would provide shore-side monitoring and alerts on the quality of a vesselôs 
positioning fix. Viewing the HPLs from multiple vessels could provide an indication to shore-
side about whether problems with GPS are localised to a particular vessel, or are system 
wide problems. Information concerning system-wide or regional interference problems may 
then be disseminated using the MSI e-Navigation service.  

 

3.5.2 Other Methods of Portrayal 

Other methods of portrayal of position, PNT source and position error are described in IEC 
62288 ï 2013 ï 02; Figure 3.9 and Figure 3.10. 

The shipôs true scaled outline may be displayed with the outline expanded, in a different 
colour, according to an estimate of the cross track and along track position error computed 
from a scaled version of the Horizontal Protection Level. A plotted position may include the 
time of the position fix, and the source of the positioning information.  

 

 

Figure 3.9 ï Portrayal of true scaled outline of vessel. Outline may be expanded by 
cross track and along track error derived from the HPL ellipse. 
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Figure 3.10 ï Portrayal of shipôs position. Information on time of fix and source of fix 
may be displayed.  
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4 Multi-Source Positioning Service Attributes for ACCSEAS 

Annex A describes a set of proposed attributes to be input, computed, or maintained by the MSPS. Table 2 shows the subset of those 
attributes that shall be implemented within the ACCSEAS test-bed. These will provide the rich positioning information necessary for the 
ACCSEAS e-Navigation services to accomplish their positioning tasks in a resilient manner, and for the main purpose of demonstrating the 
MSPS.  

 

Attribute Value Range Source of information 
and/or NMEA4 

Portrayal 

Expected Accuracy 

(MSPS_1) 

1m to 1km Estimated PNT System 
capability through 
coverage prediction.  

Route Topology Model 

 

 

Estimated 95% circle 
around vessel.  

Static value associated 
with vessel location or 
current element of Route 
Topology Model within 
which vessel resides.  

Position 

(MSPS_6) 

Latitude: ±90  ̄

Longitude: ±180  ̄

Degrees and decimal 
degrees 

Multi-Source Receiver 

$GPRMC 

$ELRMC 

 

Numeric data and charted 
graphical position shown 
in accordance with IEC 
62288. See Section 3.5.2. 

Horizontal Protection 
Level (HPL) 

(MSPS_7) 

0 to 2.5km 

Resolution:0.1m 

Multi-Source Receiver 

$PRPNT 

Portrayed on screen as a 
scaling of own ship 
outline.  

                                                

4 Where applicable. 



Service Description: Multi Source Positioning Service  Issue:1   Approved 

ACCSEAS Project         Page 30 of 55 

   

 OR, portrayed on screen 
as a separate panel with 
scaled wireframe of vessel 
overlaid.  

Used internally for 
checking against alarm 
conditions. See Section 
3.5.2. 

 

PNT Source Indicator 

(MSPS_8) 

Set of binary digits encoded 
to represent sources 
available.  

ON / OFF Flag 

 

Multi-Source Receiver 

$PRPNT 

Textual description on 
ECDIS as described in 
IEC 62288. See Section 
3.5.2. 

GNSS Interference 
Detected 

(MSPS_10) 

ON / OFF Flag Multi-Source Receiver 

$PRPNT 

Onscreen and audible 
alarm. 

Course Over Ground 

(MSPS_11) 

Decimal degrees from 
WGS84 North 

Resolution: 0.1  ̄

Multi-Source Receiver 

$GPRMC 

$ELRMC 

Textual information. 

Minute line superimposed 
on vessel position 
indicator(MSPS_6) 

Speed Over Ground 

(MSPS_12) 

Knots 

Resolution: 0.1kt 

Multi-Source Receiver 

$GPRMC 

$ELRMC 

Textual information. 

Length of minute line 
superimposed on vessel 
triangle mark (MSPS_11) 
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Cross Track Error 

(MSPS_14) 

0 to 2500m 

Resolution: 0.1m 

E-Navigation Prototype 
Display 

Computed from HPL 

$PRPNT 

Textual information. 

Computed from HPL in 
EPD software 

Horizontal Alert Limit of 
Service (MSPS_19) 

Metres 0 to 2500m 

Resolution: 1m 

Determined from 
published IMO 
requirements depending 
on particular voyage 
phase or intended 
maneuver.  

Also influenced by 
intended ACCSEAS e-
Navigation services. 

Textual information as 
required.  

Circle drawn on display 
key. 

Maintained as a variable 
within. 

Vessel Positioning 
Reference Point 

(MSPS_30) 

N/A Measured and fixed 
parameter 

Internal parameters of 
PNT data processor 
module. 

Radio-navigation 
antenna Lever Arm(s) 

 

(MSPS_32) 

Array of lever-arm values 
from vessel positioning 
reference point, in X and Y 
co-ordinates (metres).  

Positive X coordinate in a 
direction forward of origin. 

Positive Y coordinate in a 
direction starboard of origin. 

  

Measured and fixed 
parameter 

Internal parameters of 
PNT data processor 
module. 

Table 2 ï Attributes to be implemented under ACCSEAS. 
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5 Test Methodology 

Tests should focus on demonstrating that the PNT system is resilient by showing that it 
continues to provide a positioning output under a total loss, a minor degradation and a 
severe degradation of the primary source (GPS/GNSS). 

The resilience of other e-navigation services that are dependent upon MSPS should be 
demonstrated where possible.  

The MSPS test and evaluation may be partitioned between practical real-life demonstrations 
of scenarios and simulation scenarios that support the evaluation of human factors including 
the investigation of scenarios with multiple vessels. 

IALA publishes guidelines on test-beds, and these should be followed.  

5.1 Multi-Source Positioning Service (MSPS) 

The MSPS is demonstrated/tested through three different means, the MSPS receiver itself, 
the use of MSPS data within the EPD and also simulated GPS jamming data.  Each 
approach is considered separately. 

 

5.1.1 MSPS Receiver 

The MSPS receiver has been developed for the project and consists of a DGPS receiver 
module, an eLoran receiver module and a computer module, along with the necessary 
power supply unit (Figure 5.1). 

The aim is for each receiver module to operate independently and for their respective 
outputs to be provided to the computer module where the ACCSEAS resilient PNT 
algorithms will process and analyse them and identify the ñbestò solution to be output to the 
mariner. 

In order to test the performance and also to enable the test vessel to quickly return to its 
normal configuration, each receiver module output is also provided directly to a port on the 
outer case of the unit.   

The computer will use a WindowsÊ operating system and will also host software to control 
the various receiver modules.  The ACCSEAS algorithms will be provided by the project 
partners on receipt of the unit and will be tested independently.  

This is the first time that a maritime multi-source receiver has been developed and produced 
for use aboard vessels. As such there are no test standards for such a mode of operation 
within IEC. ACCSEAS has an opportunity to influence and recommend an approach to the 
testing of this new type of receiver.  

 










































