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1 INTRODUCTION

1.1 Purpose

This document is a support document to WP5, intended to describe the requirements for an
EGNOS coverage and availability tool. The purpose of this document is to describe:

m  The requirements for the tool, in particular where they differ from the WP6 development work.
m  Functional design and functional test specification for the prototype tool

m  Software design and test specification for the prototype tool

m Verification and validation plan for the prototype tool

m Validation results

m  User manual for the tool

= Identification of steps and timescales for development and implementation of an operational

tool

1.2 Scope

Following the introduction to the document presented in Section 1, the layout of the remainder
of the document is as follows:

e Section 2 contains a list of applicable and reference documents.

e Section 3 provides a review and consolidation of the current RAIM Prototype
performance prediction tool being developed.

e Section 4 This section provides a high-level design for the Performance Coverage
Tool, software design and its test specification.

e Section 5 contain the validation results from the aforementioned verification and
validation plan detailed in the previous section.

e Section 6 provides the UK EGNOS Performance Coverage Prototype Tool user
manual.

e Section 7 details the roadmap and for the development of an operational M(G)RAIM
Performance Prediction tool.

e Section 8 details the estimated operational M(G)RAIM Performance Prediction tool
including the development, implementation and operations, highlighting assumptions
and data sources.

1.3 Definitions and Acronyms

1.3.1 Definitions

Concepts and terms used in this document and need defining are included in the following
table:

Table 1-1 Definitions

Concept/ Term Definition
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1.3.2 Acronyms

Acronyms used in this document and need defining are included in the following table:

Table 1-2 Acronyms

Acronym Definition

AL Alert Limits

ARAIM Advanced Receiver Autonomous Integrity Monitoring

CDF Cumulative distribution function

DFMC Dual Frequency Multiconstellation

DGNSS Differential GNSS

DGPS Differential GPS

DOP Dilution of Precision

EUROPEAN EuropeanEuropean Civil Aviation Conference

EGNOS EuropeanEuropean Geostationary Navigation Overlay Service

ESA EuropeanEuropean Space Agency

FD Fault Detection

FDE Fault Detection and Exclusion

GBAS Ground-Based Augmentation System

GEAS GNSS Evolutionary Architecture Study

GLONASS GLObal NAvigation Satellite System

GNSS Global Navigation Satellite System

GPS Global Positioning System

GRAD GLA Research and Development

GSA EuropeanEuropean GNSS Agency

HAL Horizontal alarm Limit

HDOP Horizontal Dilution of Precision

HMI Hazardous Misleading Information

HPE Horizontal Position Error

HPL Horizontal Protection Level

IALA International Association of Marine Aids to Navigation and Lighthouse
Authorities

ICAO International Civil Aviation Organisation

IEC International Electrotechnical Commission

INSPIRe Integrated Navigation System-of-Systems PNT Integrity for Resilience

IMO International Maritime Organisation

IR Integrity Risk

ISM Integrity Support Message

LPV Localizer Performance with Vertical guidance

MHSS Multiple Hypothesis Solution Separation

MOPS Minimum Operational Performance Standards

MGRAIM Maritime General RAIM

MRAIM Maritime RAIM

MSC Maritime Safety Committee

MSI Maritime Safety Information

MSR Multi-system shipborne receiver

N/A Not Applicable

NLOS Non-Line of sight

NPA Non-Precision Approach

PFA Probability of False Alarm

PL Protection Level

PHMI Probability of Hazardously Misleading Information

PMD Probability of Miss detection

PNT Positioning Navigation and Timing

PVT Position, Velocity and Time

RAIM Receiver Autonomous Integrity Monitoring

RTCA Radio Technical Commission for Aeronautics

RTK Real-time kinematic positioning

SARPS Standards and Recommended Practices

SBAS Satellite Based Augmentation System

SIS Signal in Space

SOLAS Safety at Life at Sea

TBC To Be Confirmed

TTA Time to Arrival

VAL Vertical alarm Limit

VHF Very High Frequency

EGNOS Performance Coverage Prototype Tool
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2 REFERENCES

2.1 Reference Documents

Although not part of this document, the following documents amplify or clarify its contents.

Table 2-1 Reference Documents

Ref. Title Code Version Date
[RD.1] INSPIRe Algorithm documentation (GPS INSPIRe-GMVNSL- 11 02/2023
M(G)RAIM) Alg2.1
[RD.2] INSPIRe Algorithm documentation (DFMC INSPIRe-GMVNSL- 10 03/2023
M(G)RAIM) Alg3.1
[RD.3] | AUGUR Web Page , - V2.11 02/2023
Link: https://augur.eurocontrol.int
[RD.4] | EGNOS forecast availability tool
Link: https://egnos-user-support.essp- ) ) 02/2023
sas.eu/services/safety-of-life-service/forecast-
performance/apv1-availability-performance
[RD.5] | Trimble GNSS Planning Online ) )
Link: https://www.gnssplanning.com/ 02/2023
[RD.6] | INSPIRe Consolidated Requirements V0.1 X-062-001-002 0.1 03/08/22

Internal
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3 REQUIREMENTS CONSOLIDATION

This section provides a review and consolidation of the EGNOS Performance Coverage Tool
requirements.

3.1 EGNOS Availability Forecast Performance

EGNOS Availability Forecast Performance tool is a web application that provides maps for
EGNOS service area that depicts expected EGNOS Performance. It requires the following
information:

The day covered (within 96h of the present day at 00:00 UTC)

The GPS constellation almanac

The NANUSs (Notice Advisory to Navstar Users) issued by the US Coast Guard at the USCG
NAVCEN web site (https://www.navcen.uscg.gov/)

RIMS health status

Historic data about GPS sigmas broadcasted by EGNOS that are extrapolated to the
forecasted days

The notable requirements are the need for error models, and the impact of RIMS health status
into the service performance. These models may be estimated from historical data and the
expected availability of the system, for example estimating the accuracy of the orbital error
depending on the number of RIMS available. Estimation requires a deep knowledge of the
system and its design.

Then, with these inputs, performances for a user grid over the EGNOS service area are
computed and the following figures are depicted:

EGNOS APV-I Availability: defined as the percentage of epochs for which the Protection Level
is below the Alert Limit for the APV-I service (HPL<40m and VPL<50m) over the total period.

Corresponding HPL and VPL for the Combined GEO satellite footprints.

APV-I| Availability delta map showing the predicted underperformance for the selected day with
respect to the nominal system status.
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Select date:

88 25/02/2023 B

Last day data available: 26/02/2023

APV-I Availability Delta

HPL VPL

Figure 3-1. EGNOS Availability Forecast output example [RD.4]

The tool has the capability to compute the performance over an area, and this allows it to
create these performance maps.

3.2 UK EGNOS Performance Coverage Tool Requirements

This tool shall operate in a very similar way to the EGNOS Availability Forecast but shall not
operate using future dates — it will not provide a prediction of future performance, only the past
achieved performance and the current status of the system.

3.2.1 Functional Requirements

FUN.PCT.001.

The tool shall be able to display EGNOS performance metrics for a variety Aviation approach
category, Maritime navigation phases, and (as necessary) metrics for other EGNOS User
Sectors, such as road or rail.

In practice, the INSPIRE project will only implement Ocean and Coastal navigation phases for
the Maritime user.

FUN.PCT.002.
The tool shall function in two modes: Average Performance and Instant Performance.
FUN.PCT.003.

Operating in Instant Performance Mode the tool shall be able to provide the instantaneous
status of EGNOS, as monitored from the UK. The performance metrics shown shall depend
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on the navigation phase selected, and shall be displayed as a map over a grid of user positions,
these metrics shall include:

Accuracy (horizontal).
Availability status (as Boolean logic: true / false).
Protection Levels (HPL).

Instant Performance Mode can also be configured to show the value of these performance
metrics that were achieved by the system at any date in the past.

FUN.PCT.004.

Operating in Average Performance Mode the tool shall be able to provide the historical,
cumulative performance that EGNOS has achieved, up to the current date. The performance
metrics shall be displayed as a map over a grid of user positions, these metrics shall include:

Average Accuracy (vertical and / or horizontal).

Availability (the percent of all epochs for which instant availability is true).
Average Protection Levels (HPL and / or VPL).

Continuity (as a percent over the defined operational window)

It is suggested that the computation of cumulative performance figures is not performed “live”
by the tool but is updated infrequently (for example once per month) and accessed from an
archive when selected by the user.

FUN.PCT.005.

The tool shall be able to provide performance maps for any user location on the Earth’'s
surface, although practically this will be constrained to Europe.

FUN.PCT.006.

The tool shall be able to allow the following configuration parameters:

User grid definition.
Selection of either Instant Performance, or Average Performance.
Selection of User Segment and Approach Category.

The navigational phase (approach category for aviation users) determines what constitutes
each epoch to be “Available”: it defines the performance limits in terms of Accuracy, HPL (if
applicable) or Geometry (if applicable).
3.2.2 Interface Requirements

INT.PCT.001.

The tool shall take as input the last available complete GNSS constellation ephemeris and
last available complete set of active EGNOS data.

INT.PCT.002.

The tool shall take as input a historical record of GNSS constellation ephemerides, and
EGNOS broadcast data.

INT.PCT.003.

The tool shall take into account the aforementioned User Segment / Approach Category
configuration parameters.

INT.PCT.004.
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The tool shall be able to provide, over a grid of user positions, the following information:
Availability maps (Instant as binary yes / no, and Average as a percent)

Continuity maps.

PL size maps (Instant and Average)

95% Accuracy map (Instant and Average)
INT.PCT.005.

The tool shall be able also to provide the output information in plain text mode.
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4 UK EGNOS PERFORMANCE COVERAGE TOOL

This section provides a high-level overview of the Performance Coverage Tool, including its
main processing modules, inputs, and expected outputs. It also presents an overview of the
experimentation plan for evaluating the prototype prediction tool and a summary of the
functional testing results.

4.1 UK EGNOS Performance Coverage Tool Design

The prototype tool is based on the following main modules:

m  Monitor Node Location & Satellite visibility: This module takes as input the configured
location of the UK-based EGNOS monitor network, the GNSS constellation almanac, and the
active set of EGNOS data. It computes the visibility of EGNOS-corrected GNSS satellites to the
network, and EGNOS ionosphere grid points (IGPs) that would be employed by the monitor
receivers. It returns a set of binary flags (monitored / not monitored) depending on whether each
GNSS satellite, and each IGP is within visibility of the network.

m  User Location & Satellite visibility: This module takes as input the desired user location (each
point in the grid of user positions) and the GNSS constellation almanac, and the current set of
EGNOS data, and the output from the Monitor Node module to compute GNSS satellite visibility,
user solution geometry and EGNOS error models (UDRE and UIRE). Satellites and IGPs set as
“not monitored” by the network are excluded from this calculation.

= Error model computation: This module considers the EGNOS broadcast errors, and operating
procedures (local noise and multipath models) to compute the pseudo-range errors and weight
matrix.

m Performance Statistics & Availability Module: These modules take the user geometry, and
user error models and computes the performance metrics: Accuracy, Protection Level (if
needed) and Geometric Screening terms (if needed). It is then determined whether the metrics
achieved for the user meet the minimum requirements of the selected Approach Category (e.g.,
Accuracy, PL<AL, Geometry screening etc.)

m Historic Analysis module (run intermittently): This module computes the time between
service outages (epochs where availability==false) using historic availability data to compute a
continuity percentage over the desired operational interval (e.g., 15 minutes). It also averages
the historic Accuracy and PL values for each user location and determines the historic
Availability as the percentage of epochs for which the service is available at the user’s position.

Geometry Matrix
A Salellite Integrity Performance Performance
A ac » » I o
£ T "1 visibility | "1 Module PLiAlarms statistics Charts
Weight Matrix

Satellite exclusion
Error model
computation
[y
Error Models Error Model Monitoring
Refinement system

Figure 4-1. UK EGNOS Performance Coverage prototype tool

Configuration »User Location

D ¢

1

4.1.1 Inputs
The UK EGNOS Performance Coverage Tool requires the following inputs:

m  Configuration: The tool considers the following configuration parameters:
- User location / User grid definition

- Date (if not the current date)
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Approach Category (Navigational Phase)
Selection of either Instantaneous Performance or Historic Performance.

GNSS almanac: The tool requires the GNSS constellation ephemeris for the time epoch in
question. These ephemeris in an operational tool will be obtained from the monitor network,
compared across all receivers and collated to remove missing data, or data corrupted by
reception errors. However, in this prototype the almanac will be obtained from a navigation
RINEX file or a plain text file with the satellite orbital information.

EGNOS data: The tool requires the active set of EGNOS correction and error data for the time
epoch in question. These ephemeris in an operational tool will be obtained from the monitor
network, compared across all receivers and collated to remove missing data, or data corrupted
by reception errors. However, in this prototype the data will be obtained from an EGNOS data
file or a plain text file containing the EGNOS data.

Monitor Health Status: The operational tool should take as input the current alarm status from
each monitor receiver. However, in this prototype it shall be assumed that the alarm status of all
monitor receivers is clear (False Alarm by design is negligible, and an alarm indicates a
catastrophic failure of EGNOS integrity, which should not happen).

Error models: Finally, a model of errors local to the user (noise and multipath) are needed for
each User Segment. These will need to be defined for non-aviation users. In the prototype tool
this function will be performed by adopting either the standard SBAS aviation models, or the
maritime model developed under SEASOLAS.

4.1.2 Processing

The UK EGNOS Performance Coverage Tool should perform the following high-level
functions:

4.1.2.1 Monitor Node Location & Visibility

This module takes as input the configured location of the UK-based EGNOS monitor network,
the GNSS constellation almanac, and the active set of EGNOS data. It computes the visibility
of EGNOS-corrected GNSS satellites to the network and EGNOS ionosphere grid points
(IGPs) that would be employed by the monitor receivers. It returns a set of binary flags
(monitored / not monitored) depending on whether each GNSS satellite and each IGP is within
visibility of the network.

Inputs:

Monitor Node Locations: These will be pre-configured and fixed based on the location of the
monitor receivers in the network. For the prototype tool, nominal locations based on UK
lighthouses (former DGPS beacons) have been proposed, and these locations will be used.

Date and time: If different from the current epoch. Note that the prototype tool is strictly an
analysis tool for past EGNOS performance data and is not a prediction service for future
epochs.

GNSS almanac: Orbital parameters of the GNSS satellites are required to estimate the
satellite locations for the desired time.

Active EGNOS data: These are needed to determine which GNSS satellites are being
corrected by EGNOS, and which IGPs are active.

Processing:

The input information should be handled according to the following steps:
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Satellite orbital information is decoded and satellite position, of every satellite configured, is
propagated to the configured time epoch. Satellite position shall be computed in an Earth
Centred Earth Fixed (ECEF) reference frame.

The following steps shall be performed per Monitor Node configured:
Receiver location is converted from coordinates (lat, lon, h) into an ECEF xyz vector.
Rotation matrix ECEF<->ENU/NED reference is computed for the receiver location.

The relative satellite position from the user’s point of view is computed in ECEF reference
frame, and then is converted into ENU/NED.

Satellite azimuth and elevation are then computed, and elevation mask exclusion is
applied to identify visible satellites.

The EGNOS data is applied, as per the receiver MOPS to determine which of the visible
satellites are currently “healthy”, and which IGPs will be interpolated to determine an
ionosphere correction for each line of sight to each healthy satellite.

A set of logical (true / false) flags are then determined, indicating which of the GNSS
satellites, and which of the EGNOS active IGPs are monitored by each network node.

The set of logical flags is then collated using a logical OR operator (if any satellite or IGP is
monitored, by any node, then this is sufficient to consider it usable).

Outputs:

One set of Boolean true / false flags indicating which EGNOS-corrected GNSS satellites,
and which EGNOS IGPs in the active mask are being monitored by the UK network.

4.1.2.2 User Location & Satellite visibility

This module takes as input the desired user location (each point in the grid of user positions)
and the GNSS constellation almanac, and the current set of EGNOS data, and the output from
the Monitor Node module to compute GNSS satellite visibility, user solution geometry and
EGNOS error models (UDRE and UIRE).

Inputs:
User Location: Each point in the grid of defined positions is used.
Date and time: If different from the current epoch.

GNSS almanac: Orbital parameters of the GNSS satellites are required to estimate the
satellite locations for the desired time.

Active EGNOS data: These are needed to determine which GNSS satellites are being
corrected by EGNOS, which IGPs are active, and the broadcast error data (UDRE, GIVE,
and inflation parameters) for the corresponding satellites and grid points.

The output from the Monitor Node Location & Visibility module: This is the set of logical (true
/ false) flags indicating which of the GNSS satellites, and which of the IGPs are currently
monitored by the UK network.

Processing:
The input information should be handled according to the following steps:

Satellite orbital information is decoded and satellite position, of every satellite configured, is
propagated to the configured time epoch. Satellite position shall be computed in an Earth
Centred Earth Fixed (ECEF) reference frame.

The following steps shall be performed per User Location configured:
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User location is converted from coordinates (lat, lon, h) into an ECEF xyz vector.
Rotation matrix ECEF<->ENU/NED reference is computed for the user location.

The relative satellite position from the user’s point of view is computed in ECEF reference
frame, and then is converted into ENU/NED.

Satellite azimuth and elevation are then computed, and elevation mask exclusion is
applied to identify visible satellites.

The set of monitored / not-monitored flags generated by the Monitor Node Visibility
module are applied, any GNSS satellites or IGP values that are “not monitored” are
excluded at this step.

EGNOS data is applied as per the receiver MOPS to determine which of the remaining
visible satellites are currently “healthy”, which monitored IGPs will be interpolated to
determine an ionosphere correction for each line of sight, and to determine the range
error at the user (sigma-UIRE, sigma-flt).

Outputs:

The satellite geometry for each user location: azimuths and elevation angles. Also the
EGNOS error data for the monitored GNSS satellites: User lono Range Error (sigma-UIRE)
and Fast-&-Long-Term correction to the range error (sigma-flt).

4.1.2.3 Error model computation

This module considers the EGNOS broadcast errors, and operating procedures (local noise

and multipath

Inputs:

models) to compute the pseudo-range errors and weight matrix.

Satellite relative positioning: Azimuth and Elevation.

Configured Error models: Either the standard aviation MOPS models for noise and multi-
path, or sector specific models for non-aviation users (yet to be defined).

EGNOS Error Models: As per the MOPS.
EGNOS Messages: SBAS solution.

Processing:

The input information should be handled according to the following steps:

The following steps shall be performed per user:

Configured Error models are applied to each visible satellite measurement, depending
on satellite elevation. One range error model is obtained per line of sight.

Outputs:

One range error value per user, per line of sight.

4.1.2.4 Performance Statistics

This takes the user geometry, and user error models and computes the performance metrics:
Accuracy, Protection Level (if needed) and Geometric Screening terms (if needed).

Inputs:

Geometry: Satellite azimuth and elevation for each satellite, and each user position.

Range Error: One range error value per user, per line of sight
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Approach Category Requirements: These are the minimum navigational requirements for
the configured phase of navigation for the selected User Sector.

Accuracy: A maximum allowable 95% Accuracy, either in the horizontal and / or vertical
domain may apply.

Alert Limit: Again, a vertical (VAL) or horizontal (HAL) limit may apply, depending on the
configured phase of navigation.

Geometry: some availability metrics (MG-RAIM Geometry Screening) may stipulate
geometric terms to compute user position and / or RAIM availability.

Processing: the input information should be handled according to the following steps:

For the maritime user MRAIM or MGRAIM processing is performed according to the detailed
information contained in D2.1 and D3.1 [RD.1][RD.2].

For the non-maritime user, the prototype tool is not required to compute performance
metrics.

Outputs:

Protection Level (if applicable): Depending on the phase of navigation, and the type of RAIM
algorithm applied.

Accuracy Level: An estimate of the 95% fault-free Accuracy performance.

Availability (yes / no). A logical Boolean true / false value per user location is defined which
indicates whether adequate performance metrics were computed for the navigational phase
in question.

4.1.2.5 Historical Analysis (Performed Intermittently)

This module computes the historical performance of UK-monitored EGNOS over a given time-
period. This can be the preceding month, or since the start of monitoring.

The process will be processor intensive and so should be run intermittently, with the results
archived, and retrieved to display to the user if requested.

Effectively, this module applies all of the above processing, over an extended period of time,
using a historical archive of GNSS constellation ephemerides, and EGNOS data. For each
epoch in the simulation, the resulting Outputs from the Performance Statistics module (PL,
Accuracy, Availability flags) can be archived so that this processing does not need to be run a
second time. It is suggested that new archive epochs should correspond to each new issue of
data (IOD) field, every time the active set of EGNOS data is updated.

For simplicity, the functional description of this module will not re-iterate the above processing
but shall assume an archive of Performance Statistics is available.

Inputs:

Time period: Can either be this month (cumulative to date), and previous month (selected
from a calendar), or an all-time analysis since the system’s inception.

Archived Accuracy: A series of Accuracy maps, output from the Performance Statistics
module, run for each epoch of the computation.

Archived Protection Levels: A series of PL maps, output from the Performance Statistics
module, run for each epoch of the computation.

Archived Availability: A series of maps of logical (true / false) Availability flags, output from
the Performance Statistics module, run for each epoch of the computation.

Processing:
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For each user position, the input information should be handled according to the following steps:
The Accuracy data is averaged over each epoch.
The Protection Level data is averaged over each epoch.
The percentage of epochs for which Availability is true is computed.

The time between outages (when Availability switches from true to false) is computed and
averaged. A Continuity value is computed according to:

co1 MTBF
B CTI

MTBF is the mean time between failures — effectively the average of all outage intervals
computed. If no outages are observed for a user location, this is zero.

CTI is the Continuity Time Interval and depends on the approach category or
navigational phase. For the maritime user this is 15 minutes.

Outputs:
Average Protection Level (if applicable)
Average Accuracy Level
Computed Availability as a percentage

Computed Continuity as a percentage

4.1.3 Outputs

Finally, the UK EGNOS Performance Coverage Tool provides the following outputs:
Performance charts:

The tool (in Instant Performance Mode) provides maps of:
PL size (if appropriate)
Expected 95% Accuracy performance
Availability as a logical yes / no.

The tool (in Average Performance Mode) provides maps of:
Average PL size (if appropriate)
Average Accuracy performance
Availability as a percentage.
Continuity performance as a percentage.

Please note that an operational tool may provide this information via a web interface or a
devoted report in, for example, pdf format. However, these charts are provided by the
prototype tool in as independent images.

Other outputs: Finally, the tool also provides the output information in plain text mode.

4.2 UK EGNOS Performance Coverage Prototype Tool Test Specification

This section contains the test cases for the INSPIRe UK EGNOS Performance Coverage
Prototype Tool described in this document. The following test specification describes which
tests are to be executed and provide a high-level description of the purpose of the test along
with required data and test tools.
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Table 4-1 below identifies a set of test cases proposed. To demonstrate that the UK EGNOS
Performance Coverage Prototype Tool is compliant with its functional and interface
requirements, it is necessary to provide a trace of the system requirements in the test activities.
Each requirement will be traced to the test that verifies it.

Each test case will be defined based on the following format:

m  TC - Prefix to indicate this is a Test Case Identifier.

m  [Function] - is the name of the software component under testing.

m [ID#] - sequential numbering for each case.

Table 4-1. MGRAIM Functional Test Specification

Test Case ID

sets

Objective/Test

Description

Success Criteria

Traceability
Requirements

TC.PCT.001 To check that Execution of the The tool shall be FUN.PCT.001
files are read, Performance Coverage | able to provide for FUN.PCT.005
and a solution Prototype tool using a the 24h selected: INT.PCT.001
is generated as | nominal configuration m  Satellite INT.PCT.004
expected which includes: visibility INT.PCT.005

m  Single user information INT.PCT.007
selection - Expected INT.PCT.008
= Forecast for the service
following day outages.
(24h) PL size
GPS + Galileo Foreseen
Nominal error alarms
models = Warnings to
configured for those users
Dual Frequency when the
mode. expected
= Nominal error performances
models are not
configured for suitable.
Single Frequency | ™ Output
mode. information in
n Coasta' plain text
navigation mode

TC.PCT.002 To check that Same configuration as | The tool shall be FUN.PCT.001
tool can TC.PCT.001 but the able to provide for FUN.PCT.002
provide a forecast is selected for | the 72h selected the | FUN.PCT.005
forecast for at the following 72h same output as INT.PCT.004
least 72h TC.PCT.001

TC.PCT.003 To check that Same configuration as | The tool shall be FUN.PCT.001
tool is able to TC.PCT.001 but the able to provide for FUN.PCT.004
provide a forecast is selected for | the 24h selected the | FUN.PCT.005
forecast for the | longer than 1 week same output as INT.PCT.001
past days before the test. TC.PCT.001 INT.PCT.004

INT.PCT.005
INT.PCT.007
INT.PCT.008
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TC.PCT.004 To check that Same configuration as | The tool shall be FUN.PCT.001
tool is able to TC.PCT.001 but a grid | able to provide for FUN.PCT.003
provide a of users is selected to the 24h selected: FUN.PCT.005
forecast of cover the European Availability INT.PCT.004
every surface area and the UK area maps INT.PCT.006
constrain to PL size maps INT.PCT.007
ENP (Extended Continuity INT.PCT.008
Europe and
North Africa) maps
area Foreseen

alarms for a
given area
Warnings to
those users
when the
expected
performances
are not
suitable
Output
information in
plain text
mode

TC.PCT.005 To check that Same configuration as | The tool shall be FUN.PCT.001
tool is able to TC.PCT.001 and able to provide for INT.PCT.001
provide a provide a synthetic the 24h selected the | INT.PCT.002
forecast NANUs and NAGUs same output as
excluding message excluding TC.PCT.001
satellites from one satellite in each excluding the two
NANUSs, constellation satellites considered
NAGUs or
equivalent

TC.PCT.006 To check that Same configuration as | The tool shall be FUN.PCT.001
tool is able to TC.PCT.001 but: able to provide for INT.PCT.001
provide a Sinal the 24h selected the | INT.PCT.003
forecast Ingle- same output as
considering frequency error | Tc pCT.001 taking
augmentation models into account
system GPS only Satellite integrity
information constellation and error

including SBAS | characterisation
L1 (EGNOS) information
messages

TC.PCT.007 To check that Same configuration as | The tool shall be FUN.PCT.001
tool is able to TC.PCT.001 including | able to provide for INT.PCT.001
provide a SBAS DFMC the 24h selected the | INT.PCT.003
forecast messages same output as
considering Dual-frequency | TC.PCT.001 taking
augmentation error models into account
system Satellite integrity
information and error

characterisation
information
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TC.PCT.008 To check that Same configuration as | The tool shall be FUN.PCT.001
tool is able to TC.PCT.001 but: able to provide for INT.PCT.001
provide a . the 24h selected the | INT.PCT.003
forecast Single- same output as
considering frequency error | T pCT.001 taking
augmentation models into account
system GPS only Satellite integrity
information constellation and error

including SBAS | characterisation
L1 (UK SBAS) information
messages

TC.PCT.009 To check that Same configuration as | The tool shall be FUN.PCT.001
tool is able to TC.PCT.001 for Port able to provide for FUN.PCT.005
provide a navigation phase the 24h selected the | INT.PCT.001
forecast for same output as INT.PCT.004
different TC.PCT.001 with INT.PCT.005
navigation much less alarms, INT.PCT.007
phase due to the less INT.PCT.008

demanding
navigation phase

TC.PCT.010 To check that Same configuration as The tool shall be FUN.PCT.001
tool is able to TC.PCT.001 but: able to provide for | FUN.PCT.005
provide a Single-frequency | the 24h selected INT.PCT.001
forecast error models the same output as | INT.PCT.004
considering GPS only TC.PCT.001 taking | INT.PCT.005
different : into account error INT.PCT.007
frequencies of constellation models for Single INT.PCT.008

usage

frequency cases
and only GPS

constellation
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5 VALIDATION RESULTS

This section will contain the validation results from the verification and validation plan detailed

in the previous section.

51 TC.MPT.001

Test Code
Test Objective

TC.MPT.001 MGRAIM

To check that files are read, and a solution using MGRAIM is generated as expected for a single
location for a 24 h period. Dual Frequency Multiconstellation (GPS+Galileo) and Single
Frequency Multiconstellation (GPS+Galileo) scenarios studied for Coastal navigation

Test Experiment

GMYV Laboratory Test Experiment PC or laptop running Windows OS

Location Equipment
Dependence SW Octave 6.1.0
Constellation GPS, Galileo

Duration Time

The execution: 50 s time step

Period studied 24h, forecast for 23/09/2023 from 00:00:00 - 23:59:59

Input Data Galileo ephemerides
GPS ephemerides
Processing Execution of the Performance Prediction Prototype tool using a nominal configuration which

includes:
B MGRAIM algorithm selection

B Single user selection [Lat: 52.95175, Lon: -1.18215, h: 92.4800]

B Forecast for 23/09/2023 from 00:00:00 - 23:59:59

m  GPS + Galileo

B Nominal error models configurable. Dual Frequency error model applied [RD.2]

B Coastal navigation: Accuracy threshold = 10 m; Integrity Alert Limit = 25 m

Outcome criteria B The tool shall decode, process the information and provide accuracy 95% results in the

range of [5-10]m for the Dual frequency configuration and [7-12]m for the Single
frequency configuration

B The tool shall decode, process the information and provide traffic light status along the

scenario

B The tool shall decode, process the information and provide satellite visibility along the
scenario

B The tool shall decode, process the information and provide Dilution of precision along the
scenario

B The tool shall decode, process the information and provide continuity along the scenario

B The tool shall provide the outputs in plain text mode

Outcome
(Pass/Fail)

Results

PASS

The tool decodes and processes the information, giving Accuracy 95% values between the range
previously mentioned.

EGNOS Performance Coverage Prototype Tool

Page 20 of 128



Accuracy 95%
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The tool provides an output of traffic light for the whole scenario. Considering that the Accuracy
threshold is 10 meters in coastal navigation, the following results are obtained.

Availability check

Green light

Amber light |-

Red light ]

| | | | |
518400 532800 547200 561600 575999 590399 604799
Epoch [s]

The tool decodes, processes the information, and provides satellite visibility across the scenario.
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Satellite Visibility
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The tool decodes, processes the information, and provides dilution of precision across the
scenario.
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The tool decodes, processes the information, and provides system continuity status across the
scenario.
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Continuity status

Continuous

Not Cont

| | | | |
518400 532800 547200 561600 575999 590399 604799
Epoch [s]

The tool provides the outputs in plain text mode:

L]

simulation_data_

Processing Execution of the Performance Prediction Prototype tool using a nominal configuration which
includes:
B MGRAIM algorithm selection

B Single user selection [Lat: 52.95175, Lon: -1.18215, h: 92.4800]

B Forecast for 23/09/2023 from 00:00:00 - 23:59:59

B GPS + Galileo

B Nominal error models configurable. Single Frequency error model applied [RD.2]

B Coastal navigation: Accuracy threshold = 10 m; Integrity Alert Limit =25 m

Outcome criteria B The tool shall decode, process the information and provide accuracy 95% results in the

range of [5-7]m for the configuration selected

B The tool shall decode, process the information and provide traffic light status along the
scenario

B The tool shall decode, process the information and provide satellite visibility along the
scenario

B The tool shall decode, process the information and provide Dilution of precision along the
scenario

B The tool shall decode, process the information and provide continuity along the scenario
B The tool shall provide the outputs in plain text mode

PASS
Outcome The tool decodes and processes the information, giving Accuracy 95% values between the range
(Pass/Fail) previously mentioned.

Results
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Accuracy 95%
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The tool provides an output of traffic light for the whole scenario. Considering that the Accuracy
threshold is 10 meters in coastal navigation, the following results are obtained.

Availability check

Green light |

Amber light

Red light il

| | | | |
518400 532800 547200 561600 575999 590399 604799
Epoch [s]
The tool decodes, processes the information, and provides satellite visibility across the scenario.
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Satellite Visibility
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The tool decodes, processes the information, and provides dilution of precision across the
scenario.

Dilution of Precision
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The tool decodes, processes the information, and provides continuity status across the scenario.
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Continuity status

Continuous il

Not Cont
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The tool provides the outputs in plain text mode:

]

simulation_data_
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Test Code
Test Objective

TC.MPT.001 MRAIM

To check that files are read, and a solution using MRAIM is generated as expected for a single
location for a 24 h period. Dual Frequency Multiconstellation (GPS+Galileo) and Single
Frequency Multiconstellation (GPS+Galileo) scenarios studied for Coastal navigation.

Test Experiment GMV Laboratory Test Experiment PC or laptop running Windows OS
Location Equipment

Dependence SW Octave 6.1.0

Constellation GPS, Galileo

Duration Time

The execution: 50 s timestep

Period studied 24h, forecast for 23/09/2023 from 00:00:00 - 23:59:59

Input Data Galileo ephemerides
GPS ephemerides
Processing Execution of the Performance Prediction Prototype tool using a nominal configuration which

includes:
®  MRAIM algorithm selection

B Single user selection [Lat: 52.95175, Lon: -1.18215, h: 92.4800]
B Forecast for 23/09/2023 from 00:00:00 - 23:59:59
m  GPS + Galileo
®  Nominal error models configurable. Dual Frequency error model applied [RD.2]
B Coastal navigation: Accuracy threshold = 10 m; Integrity Alert Limit =25 m
Outcome criteria B The tool shall decode, process the information and provide Accuracy 95% results in the
range of [8-15]m for the configuration selected
B The tool shall decode, process the information and provide HPL results in the range of

[20-35]m for the configuration selected
B The tool shall decode, process the information and provide traffic light status along the

Outcome
(Pass/Fail)

Results

scenario

B The tool shall decode, process the information and provide satellite visibility along the
scenario

B The tool shall decode, process the information and provide dilution of precision along the
scenario

B The tool shall decode, process the information and provide continuity status along the
scenario

B The tool shall provide the outputs in plain text mode

PASS

The tool decodes and processes the information, giving Accuracy 95% values of Accuracy
between the range previously mentioned.

Accuracy 95%
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The tool decodes, processes the information, and provides the Horizontal Protection Level
illustrating the Alert Limit of 25m. The tool decodes and processes the information, giving
Accuracy 95% values of Horizontal protection levels between the range previously mentioned.

Horizontal Protection Level

40 T T T
—— Protection Level
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HPL [m]
3
|

0 | | | |
518400 532800 547200 561600 575999 590399 604799
Epoch [s]

The tool provides an output of traffic light for the whole scenario. Considering that the Alert Limit
is 25 meters in coastal navigation, the following results are obtained.

Integrity status

Green light -r— ] —

Amber light

Red light |-

| | | | |
518400 532800 547200 561600 575999 590399 604799
Epoch [s]

The tool decodes, processes the information, and provides satellite visibility across the scenario.
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Satellite Visibility
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The tool decodes, processes the information HDOP and GDOP.
Dilution of Precision
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The tool decodes, processes the information, and provides system continuity status across the
scenario.

Continuity status

Continuous =

Not Cont

| | | | 1
518400 532800 547200 561600 575999 590399 604799
Epoch [s]

The tool provides the outputs in plain text mode:

]

simulation_data_

Processing Execution of the Performance Prediction Prototype tool using a nominal configuration which
includes:
®  MRAIM algorithm selection

B Single user selection [Lat: 52.95175, Lon: -1.18215, h: 92.4800]
B Forecast for 23/09/2023 from 00:00:00 - 23:59:59
B GPS + Galileo
®  Nominal error models configurable. Single Frequency error model applied [RD.2]
B Coastal navigation: Accuracy threshold = 10 m; Integrity Alert Limit =25 m
Outcome criteria B The tool shall decode, process the information and provide Accuracy 95% results in the
range of [5-15]m for the configuration selected
B The tool shall decode, process the information and provide HPL results in the range of [5-

15]m for the configuration selected
B The tool shall decode, process the information and provide traffic light status along the

scenario
B The tool shall decode, process the information and provide satellite visibility along the
scenario
B The tool shall decode, process the information and provide dilution of precision along the
scenario
B The tool shall decode, process the information and provide continuity status along the
scenario
B The tool shall provide the outputs in plain text mode
Outcome PASS
(Pass/Fail)
Results

The tool decodes and processes the information, giving Accuracy 95% values of Accuracy
between the range previously mentioned.
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Accuracy 95%
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The tool decodes, processes the information, and provides the Horizontal Protection Level
illustrating the Alert Limit of 25m. The tool decodes and processes the information, giving Accuracy
95% values of Horizontal protection levels between the range previously mentioned.
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The tool provides an output of traffic light for the whole scenario. Considering that the Alert Limit
is 25 meters in coastal navigation, the following results are obtained.
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Integrity status
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The tool decodes, processes the information, and provides satellite visibility across the scenario.
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The tool decodes, processes the information HDOP and GDOP.
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Dilution of Precision
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The tool decodes, processes the information, and provides system continuity status across the

scenario.

Continuity status
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The tool provides the outputs in plain text mode:
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simulation_data_

604799
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5.2 TC.MPT.002
Test Code TC.MPT.002 MGRAIM

Test Objective To check that files are read, and a solution using MGRAIM is generated as expected for a single
location for a 72h period. Dual Frequency Multiconstellation (GPS+Galileo) scenario studied for
Coastal navigation

Test Experiment GMYV Laboratory Test Experiment PC or laptop running Windows OS
Location Equipment

Dependence SW Octave 6.1.0

Constellation used | GPS, Galileo

Duration Time[s] The execution: 50 s timestep

Period studied 72 h, forecast for 23/09/2023 from 00:00:00 to 25/09/2023 23:59:59

Input Data
P Galileo ephemerides
GPS ephemerides
Processing Execution of the Performance Prediction Prototype tool using a nominal configuration which

includes:

B MGRAIM algorithm selection

Single user selection [Lat: 52.95175, Lon: -1.18215, h: 92.4800]

Forecast for 23/09/2023 from 00:00:00 to 25/04/2023 23:59:59

GPS + Galileo

Nominal error models configurable. Dual Frequency error model applied [RD.2]

Coastal navigation. Accuracy threshold = 10 m; Integrity Alert Limit = 25 m

The tool shall decode, process the information and provide accuracy 95% results in the

range of [5-15]m for the configuration selected, in particular for 72h ahead

The tool shall decode, process the information and provide traffic light status along the

scenario, in particular for 72h ahead

B The tool shall decode, process the information and provide satellite visibility along the
scenario, in particular for 72h ahead

B The tool shall decode, process the information and provide Dilution of precision along the
scenario, in particular for 72h ahead

B The tool shall decode, process the information and provide Continuity status along the
scenario, in particular for 72h ahead

B The tool shall provide the outputs in plain text mode

Outcome criteria

PASS

The tool decodes and processes the information, giving Accuracy 95% values between the range
previously mentioned.

Accuracy 95%
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Outcome
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Results
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The tool provides an output of traffic light for the whole scenario. Considering that the Accuracy
threshold is 10 meters in coastal navigation, the following results are obtained.

Availability check

Green light

Amber light -

Red light |- _
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The tool decodes, processes the information, and provides satellite visibility across the scenario.
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The tool decodes, processes the information, and provides dilution of precision across the
scenario.
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Dilution of Precision
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The tool decodes, processes the information, and provides continuity status across the scenario.

Continuity status
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The tool provides the outputs in plain text mode:
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Test Code
Test Objective

TC.MPT.002 MRAIM

To check that files are read, and a solution using MRAIM is generated as expected for a single
location for a 72 h period. Dual Frequency Multiconstellation (GPS+Galileo) scenario studied for
Coastal navigation

Test Experiment GMV Laboratory Test Experiment PC or laptop running Windows OS
Location Equipment

Dependence SW Octave 6.1.0

Constellation used | GPS, Galileo

Duration Time[s]

The execution: 50 s time step

Period studied 72h, forecast for 23/09/2023 from 00:00:00 to 25/09/2023 23:59:59

Input Data
P Galileo ephemerides
GPS ephemerides
Processing Execution of the Performance Prediction Prototype tool using a nominal configuration which

includes:
®  MRAIM algorithm selection

B Single user selection [Lat: 52.95175, Lon: -1.18215, h: 92.4800]
B Forecast for 23/09/2023 from 00:00:00 - 23:59:59
m  GPS + Galileo
®  Nominal error models configurable. Dual Frequency error model applied [RD.2]
B Coastal navigation: Accuracy threshold = 10 m; Integrity Alert Limit =25 m
Outcome criteria B The tool shall decode, process the information and provide Accuracy 95% results in the

range of [8-15]m for the configuration selected, in particular for 72h ahead

B The tool shall decode, process the information and provide HPL results in the range of
[20-40]m for the configuration selected, in particular for 72h ahead

B The tool shall decode, process the information and provide traffic light status along the
scenario, in particular for 72h ahead

B The tool shall decode, process the information and provide satellite visibility along the
scenario, in particular for 72h ahead

B The tool shall decode, process the information and provide dilution of precision along the
scenario, in particular for 72h ahead

B The tool shall decode, process the information and provide continuity status along the
scenario, in particular for 72h ahead

B The tool shall provide the outputs in plain text mode

Outcome
(Pass/Fail)

Results

PASS

The tool decodes and processes the information, giving Protection Level values in the range
previously mentioned.
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Accuracy 95%
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The tool decodes and processes the information, giving Protection Level values in the range
previously mentioned. The tool decodes, processes the information, and provides the Horizontal
Protection Level illustrating the Alert Limit of 25m.
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The tool provides an output of traffic light for the whole scenario. Considering that the Alert Limit
is 25 meters in coastal navigation, the following results are obtained.
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Integrity status
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The tool decodes, processes the information, and provides satellite visibility across the scenario.
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The tool decodes, processes the information HDOP and GDOP across the scenario.
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Dilution of Precision
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The tool decodes, processes the information, and provides system continuity status across the
scenario.

Continuity status
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The tool provides the outputs in plain text mode:

]

simulation_data_
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5.3 TC.MPT.003

Test Code
Test Objective

TC.MPT.003 MGRAIM

To check that files are read, and a solution using MGRAIM is generated as expected for a single
location for a 24 h period previous the period in TC.MPT.001. Dual Frequency Multiconstellation
(GPS+Galileo) scenario studied for Coastal navigation

Test Experiment

GMYV Laboratory Test Experiment PC or laptop running Windows OS

Location Equipment
Dependence SW Octave 6.1.0
Constellation used | GPS, Galileo

Duration Time

The execution: 50 s time step

Period studied 24h, forecast for 03/04/2023 from 00:00:00 - 23:59:59

Input Data Galileo ephemerides
GPS ephemerides
Processing Execution of the Performance Prediction Prototype tool using a nominal configuration which

includes:
B MGRAIM algorithm selection

B Single user selection [Lat: 52.95175, Lon: -1.18215, h: 92.4800]
B Forecast for 18/07/2023 from 00:00:00 - 23:59:59
B GPS + Galileo
B Nominal error models configurable. Dual Frequency error model applied [RD.2]
B Coastal navigation: Accuracy threshold = 10 m; Integrity Alert Limit =25 m
Outcome criteria B The tool shall decode, process the information and provide accuracy 95% results in the
range of [5-10]m for the configuration selected
B The tool shall decode, process the information and provide traffic light status along the

scenario

B The tool shall decode, process the information and provide satellite visibility along the
scenario

B The tool shall decode, process the information and provide Dilution of precision along the
scenario

B The tool shall decode, process the information and provide continuity along the scenario

B The tool shall provide the outputs in plain text mode

Outcome
(Pass/Fail)

Results

PASS

The tool decodes and processes the information, giving Accuracy 95% values between the range
previously mentioned.
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The tool provides an output of traffic light for the whole scenario. Considering that the Accuracy
threshold is 10 meters in coastal navigation, the following results are obtained.

Availability check
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The tool decodes, processes the information, and provides satellite visibility across the scenario.
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The tool decodes, processes the information, and provides dilution of precision across the
scenario.
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Dilution of Precision
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The tool decodes, processes the information, and provides continuity status across the scenario.

Continuity status
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The tool provides the outputs in plain text mode:
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simulation_data_
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Test Code TC.MPT.003 MRAIM

Test Objective To check that files are read, and a solution using MRAIM is generated as expected for a single
location for a 24 h period previous the period in TC.MPT.001. Dual Frequency Multiconstellation
(GPS+Galileo) scenario studied for Coastal navigation

Test Experiment GMV Laboratory Test Experiment PC or laptop running Windows OS
Location Equipment

Dependence SW Octave 6.1.0

Constellation used | GPS, Galileo

Duration Time[s] The execution: 50 s time step

Period studied 24h, forecast for 18/07/2023 from 00:00:00 - 23:59:59

Input Data Galileo ephemerides

GPS ephemerides

Processing Execution of the Performance Prediction Prototype tool using a nominal configuration which
includes:
®  MRAIM algorithm selection
Single user selection [Lat: 52.95175, Lon: -1.18215, h: 92.4800]
Forecast for 03/04/2023 from 00:00:00 - 23:59:59
GPS + Galileo
Nominal error models configurable. Dual Frequency error model applied [RD.2]
Coastal navigation: Accuracy threshold = 10 m; Integrity Alert Limit = 25 m

Outcome criteria
B The tool shall decode, process the information and provide Accuracy 95% results in the

range of [8-15]m for the configuration selected, in particular for past days

B The tool shall decode, process the information and provide HPL results in the range of
[20-40]m for the configuration selected, in particular for past days

B The tool shall decode, process the information and provide traffic light status along the
scenario, in particular for past days

B The tool shall decode, process the information, and provide satellite visibility along the
scenario , in particular for past days

B The tool shall decode, process the information, and provide dilution of precision along the
scenario , in particular for past days

B The tool shall decode, process the information, and provide continuity status along the
scenario , in particular for past days

B The tool shall provide the outputs in plain text mode

PASS
The tool decodes and processes the information, giving Accuracy 95% values previously
mentioned.
Accuracy 95%
T T
14 | — Accuracy A
— — — Accuracy Limit
12 &
Outcome
(Pass/Fail)
Results

Accuracy [m]

0 | | | |
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The tool decodes and processes the information, giving Protection Level values previously
mentioned. The tool decodes, processes the information, and provides the Horizontal Protection

Level illustrating the Alert Limit of 25m.

Horizontal Protection Level

—— Protection Level

40
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HPL [m]
[\*]
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The tool provides an output of traffic light for the whole scenario. Considering that the Accuracy
threshold is 10 meters in coastal navigation, the following results are obtained.

Integrity status
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The tool decodes, processes the information, and provides satellite visibility across the scenario.
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Satellite Visibility
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The tool decodes, processes the information, and provides for the HDOP and GDOP across the
scenario.
Dilution of Precision
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The tool decodes, processes the information, and provides system continuity across the
scenario.
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Continuity status
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The tool provides the outputs in plain text mode:
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simulation_data_
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5.4 TC.MPT.004

Test Code
Test Objective

TC.MPT.004 MGRAIM

To check that files are read, and a solution using MGRAIM is generated as expected for a single
location for a 24 h period for every surface on Earth in a grid mode. Dual Frequency
Multiconstellation (GPS+Galileo) scenario studied for Coastal navigation

Test Experiment

GMYV Laboratory Test Experiment PC or laptop running Windows

used

Location Equipment os
Dependence SW Octave 6.1.0
Constellation GPS, Galileo

Duration Time

The execution: 2000 s time step

Period studied 24h, forecast for 23/09/2023 from 00:00:00 - 23:59:59

Input Data Galileo ephemerides
GPS ephemerides
Processing Execution of the Performance Prediction Prototype tool using a nominal configuration which

includes:
B MGRAIM algorithm selection

m  Grid mode selection
m  Forecast for 18/09/2023 from 00:00:00 - 23:59:59
m  GPS + Galileo
®  Nominal error models configurable. Dual Frequency error model applied [RD.2]
B Coastal navigation: Accuracy threshold = 10 m; Integrity Alert Limit =25 m
Outcome criteria B The tool shall decode, process the information, and provide Accuracy results for a grid of

users over European area and over UK area. The percentile 95% will be depicted in
maps and will provide values in the range of [5-10]m over UK area and over European
area

B The tool shall decode, process the information, and provide availability status for a grid
of users over European area and over UK area. This information will be depicted in
availability maps

B The tool shall decode, process the information, and provide foreseen alarms for a grid of
users over European area and over UK area. This information will be depicted in satellite
traffic light status maps called integrity status 95%, being 0 red flag, 1 amber flag and 2
green flag

B The tool shall decode, process the information, and provide satellite visibility 95% for a
grid of users over European area and over UK area. This information will be depicted in
satellite visibility percentile maps

B The tool shall decode, process the information, and provide continuity status for a grid of
users over European area and over UK area. The percentile 99.97% of the traffic status
will be depicted in continuity maps, being 0 Not continuous, and 1 continuous

B The tool shall provide the outputs in plain text mode

Outcome
(Pass/Fail)

Results

PASS

Results for Europe:

The tool decodes and processes the information, giving the percentile 95% in the range previously
mentioned.
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95 percentile Accuracy [m]
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The tool decodes, processes the information, and provides satellite visibility across the scenario.
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The tool decodes, processes the information, and provides the traffic light availability status
across the scenario for users the European area.
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Availability check
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The tool decodes, processes the information, and provides Continuity status across the scenario.
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The tool provides the outputs in plain text mode

]

simulation_data_

Results for the UK area:

The tool decodes and processes the information, giving the percentile 95% in the range previously
mentioned.
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95 percentile Accuracy [m]

65

Lati1ug§ [deg] o
w o

w
o

45
-15 -10 -5
Longitude [deq]

The tool decodes, processes the information, and provides satellite visibility across the scenario.
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The tool decodes, processes the information, and provides the traffic light availability status
across the scenario for users the UK area.
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Availability check
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The tool decodes, processes the information, and provides Continuity status across the scenario.
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The tool provides the outputs in plain text mode
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Test Code TC.MPT.004 MRAIM

Test Objective To check that files are read, and a solution using MRAIM is generated as expected for a single
location for a 24 h period for every surface on Earth in a grid mode. Dual Frequency
Multiconstellation (GPS+Galileo) scenario studied for Coastal navigation

Test Experiment GMV Laboratory Test Experiment PC or laptop running Windows OS
Location Equipment

Dependence SW Octave 6.1.0

Constellation used | GPS, Galileo

Duration Time The execution: 2000 s time step

Period studied 24h, forecast for 23/09/2023 from 00:00:00 - 23:59:59

Input Data Galileo ephemerides
GPS ephemerides

Processing Execution of the Performance Prediction Prototype tool using a nominal configuration which
includes:
®  MRAIM algorithm selection

B Grid mode selection
B Forecast for 23/09/2023 from 00:00:00 - 23:59:59
m  GPS + Galileo
B Nominal error models configurable. Dual Frequency error model applied [RD.2]
m  Coastal navigation: Accuracy threshold = 10 m; Integrity Alert Limit =25 m
Outcome criteria B The tool shall decode, process the information, and provide Accuracy results for a grid

of users over European area and over UK area. The percentile 95% will be depicted in
maps and will provide values in the range of [5-10]m over UK area and over European
area

B The tool shall decode, process the information, and provide HPL results for a grid of
users over European area and over UK area. The percentile 99.8% will be depicted in
maps and will provide values in the range of [25-35]m over UK area and over European
area

B The tool shall decode, process the information, and provide foreseen alarms for a grid
of users over European area and over UK area. This information will be depicted in
satellite traffic light status maps called integrity status 95%, being O red flag, 1 amber
flag and 2 green flag

B The tool shall decode, process the information, and provide satellite visibility 95% for a
grid of users over European area and over UK area. This information will be depicted in
satellite visibility percentile maps

B The tool shall decode, process the information, and provide continuity status for a grid
of users over European area and over UK area. The percentile 99.97% of the traffic
status will be depicted in continuity maps, being 0 Not continuous, and 1 continuous

B The tool shall provide the outputs in plain text mode

PASS
Outcome Results for European area
(Pass/Fail)
Result The tool decodes and processes the information, giving Accuracy 95% values for users in the
esults

European area.
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95 percentile Accuracy [m]
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The tool decodes and processes the information, giving Protection Level values for users in the
European area.

99.8Perc Horizontal Protection Level [m]

-40 -20 0 20 40
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The tool decodes, processes the information, and provides satellite visibility across the scenario
for users the European area.
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Satellite Visibility [95%]
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The tool decodes, processes the information, and provides the system integrity status across the
scenario for users the European area. In the plot can be seen the representation of the 95percentile
of the traffic lights, where 0 indicates in the purple area of the map the 95% of the time the PL >
AL and 1 indicates in the yellow area that the 95% of the time there are not available enough
satellites to create subsets.

Integrity status

Longitude [deq]

The tool decodes, processes the information, and provides the system continuity status across the
scenario for users the European area. In the plot can be seen the representation of the
99.97percentile of the continuity flag, where 0 indicates in the purple area of the map the 99.97%
of the time the solution is not continuous and 1 indicates in the yellow area that the 99.97% of the
time the solution is continuous.
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99.97Perc Continuity [Mean: 22.5 %)]
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The tool provides the outputs in plain text mode.
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Results for the UK area

The tool decodes and processes the information, giving Accuracy 95% values for users in the
European area.
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The tool decodes and processes the information, giving Protection Level values in the range
previously mentioned.
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The tool decodes, processes the information, and provides satellite visibility across the scenario
for a grid of users in the UK area.
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The tool decodes, processes the information, and provides the system integrity status across the
scenario for users the UK area.
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