Eesa

Integrated Navigation System-of-
Systems PNT Integrity for Resilience

INSPIRe Project Overview

TAYLOR | AIREY Gl
T TTe———

TV NSL == GRAD
B o (B
LS *

Economics NLA INTERNATIONAL

17t June 2022



1 Introduction to INSPIRe

TAYLRIAREY  CG] ik @ INSPIRe Project Overview

OV NSL == GRAD ﬂ!fmm NLA.m?fmm June 2022




Introduction
to INSPIRe

/1 NR A v Imperial College
ARG ILISAN of ] [ - Jtit () INSPIRe Project Overview

W.NSL w G RAD ‘.‘I'ﬂ-» {Emm NLAINT:AT\DNAL ‘]une 2022



INSPIRe will ensure PNT Is provided to the required level of
Integrity in UK waters, as part of aresilient system

Position Navigation Timing
- Accuracy — how close the solution is to the truth

- Availability — the probability that the solution can be derived at any given time

- Continuity — the likelihood of the solution being available over a given time period
- Integrity — a measure of the confidence that can be placed in the solution

Focus of
INSPIRe

- Resilience in the maritime context -
Resilience - . S : "
the provision of a user-level integrity guarantee, which makes a position

e Elalliny e ant|C|p'ate, ”.““gate solution robust to safety and security threats, likely to occur in the real
and recover from disruption. . . .
world, e.g. cyber threat, space weather, deliberate jamming.

INSPIRe will focus on integrity aspects, principally the developments in receiver autonomous integrity
monitoring of the MarRINav outcomes.

- Develop and bench-test user-level integrity solutions, based on:
- Dual-frequency multi-constellation GNSS
- EGNOS (as a source of error characterisation of GNSS)
- Dead Reckoning systems (inertial)

- Define ground-based integrity support systems needed to:
- Generate system level integrity
- Support derivation of user-level integrity on-board vessel
- Receive crowd-sourced user-derived integrity and retransmit as an eNavigation service
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A number of specific objectives have been identified
for the project

Investigate, develop and bench-test techniques and algorithms for autonomous
user-level integrity monitoring, based on:

* Dual-frequency multi-constellation GNSS
+ EGNOS (as a source of error characterisation of GNSS)
» Dead Reckoning systems (inertial)

Investigate, develop and bench-test equipment for:

* Receiver autonomous integrity monitoring (RAIM) availability prediction
 Terrestrial monitoring of system-level integrity

Investigate, develop and build a prototype for EGNOS performance monitoring
» Required for service assurance in absence of UK access to EGNOS SoL service

Investigate the feasibility, provide a functional design, and define development A
and exploitation plans for an e-Navigation service to provide supplementary
integrity data to vessels considering:

* GNSS terrestrial integrity monitoring

+ Crowd sourced data from maritime users
+ Potential expansion to other user sectors y.

While the focus is on current sources of PNT data and the maritime domain, solutions will be

capable of expansion to incorporate new data sources and exploitation by other domains.
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INSPIRe will bring together Position, Navigation, Velocity
and Timing related data from a wide range of sources

Doppler Lidar for
ranging and speed

Heading

VHF data exchange
CCTV system (VDES)
GNSS cameras
il Wind speed and
\ direction
L A— an /
. y 7 1 /

Weather forecast - - =
data = savennt

= Tidal
almanac data

Recoghnition of visual signals on
other vessels and floating aids

Pitch and roll for sea
state

Radar for detection and recognition
of racons & radar targets

Inertial sensors for Doppler sonar for
dead reckoning depth and motion
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The project will examine integrity derived at system and
user level via on-board systems, and crowd-sourced data

------------------------------------------------------ Crowd-sourced

Crowd-sourced integrity e-Navigation service

integrity

PNT data sources

Data Sources System level integrity data

synthesised from integrity
reports with vessels as nodes

Integrity as an
e-Navigation service via

Crowd-sourced local
integrity data
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Project Scope
& Structure
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INSPIRe will be delivered by a team bringing expertise in
many different areas

T AYLOR | AREY Taylor Airey bring ICL brings world
project management F 'L";gggfj College  |eading PNT research
expertise and development

GRAD (part of the lighthouse | LE LE brings expertise in
v GRAD authority) will provide Londion economic assessments

Economics

maritime domain expertise of PNT
, GMV NSL specialises KTN offers knowledge transfer
gw NSL in space: position, @ and PNT expertise and will
navigation and timing manage the stakeholders
CGl will lead the development of -x NLAI offers specialist
CGI the outline a design for a DFMC NLA INTERNATIONAL expertise in the field of
integrity monitoring system navigation and PNT
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The project will be delivered over an 18-month period with
project outputs delivered throughout

GPS M(G) RAIM
» Algorithms
« Outline functional design DFMC M(G)RAIM
* Mockup model (for verification)

Feasibility assessment
Algorithms
Outline functional design

Mockup model

DFMC & DR (VAIM)

Feasibility assessment
Coupling scheme

Algorithms VAIM
Outline functional design Vessel autonomous
« Prototype monitoring station Mockup model Integrity monitoring
» Algorithms
+ Outline system design
* Development & implementation plan + Technical feasibility « Development plan
+ Cost assessment + Financial feasibility + Maritime
» Outline functional design » Other sectors
* Mockup model + Exploitation plan

Stakeholder engagement (PNT & maritime communities)

Project management

T ) Imperial College a o
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The scope of the project has been clearly defined to ensure
delivery of the objectives within this 18-month timescale

DFMC RAIM

Single frequency GPS DFMC RAIM DFMC RAIM DFMC RAIM DFMC RAIM
RAIM prediction prediction prediction prediction prediction prediction

P e e e e o mm Em Em Em Em Em Em Em Em Em Em Em =
. Implementation order uncertain
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Work packages have been defined and lead-roles assigned

across consortium partners as appropriate

WP1:
Systems engineering support

Shore-based

WP2:

Develop & bench- Develop prototype

test GPS M(G)RAIM EGNOS monitoring
station

WP3: WP6:
Develop & bench- 4 Develop prototype
test DFMC i RAIM availability
M(G)RAIM prediction tool

WP4: Assess the WP7:
Develop & bench- feasibility of crowd- Develop & bench-

Project management

test DFMC GNSS & sourced T R test DFMC integrity
DR VAIM DFMC integrity monitoring

WP9:
Perform cost benefit analysis

WP10:
Produce integrity system development & implementation plan

T ) Imperial College a o
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The project will start by critically assessing and
consolidating the maritime mission requirements

Application

i il | 8 ¢ B 0 0 0 R R OEERNRR
requirements o jications

|

Application groups ’ ’
consolidatedinto

Consolidated Requirementsets m
requirements

-
=

Mission
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For further questions or more information, please contact
Phil Taylor at Taylor Airey

% @ @
enquiries@taylorairey.com taylorairey.com Pennine Place

2a Charing Cross Road
London, WC2H OHF
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