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Overview of UK Programmes

A UK National Framework for PNResilience

A Resilient TimeProgrammesTt Long Range Time over Fibre and GN&®lependent Space

A National Timing Centrer Resilient Enhanced Timescale Infrastructure
A MOD Time

A CHAIN ODYSSEY¥UK National eLoran Programme

A Anchor system for UK and European Security
A UK-France Partnership inreLoranand beyond

AURGENT COMPASSUK Ministry of Defence Transportable eLoran
A Low power small scale full eLoran system for deployed capability
A Concepts in antenna and transmitterdesign

APNT InterferenceWarning at National and International Level Va
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Loss of Positioning, Navigation

RISk and Timing (PNT) services

PNT services are a critical component of the UK's infrastructure. They facilitate

a diverse range of essential functions across an increasingly interconnected

society. For example, PNT is essential for telecommunications, transport

A d h 9 7 0/ f U K C N I navigation and providing precise timings. A loss of PNT services, either due
SS e SS e t a.t 0 O Wa.S to technological failures or malicious activity, would have catastrophic and

cascading effects across the UK and globally.

dependent on GNSS services Scenario
A 90% of users relied on GPS pioting ey g ok e o O

System constellation leading to data corruption of that service. This would
result in inaccurate position and timing data being delivered to users in space

and around the world. The compound series of both technical failure and
human error means the service would have no choice but to cease operations.

R I S kS to G N S S I n CI u d e " There would be a significant disruption or complete cessation of transport
" (including aviation and maritime services), communications networks,
financial services, energy and emergency services within a few hours of the

A LOSS d u e to Syste m fal I u re incident taking place. There is also possible further disruption to other space-

based services.

A Loss due to hostile act Key assumptions for this scenario
1 2 3 ) 5
Sectors would revert to older technologies or alternatives to allow for ground <02%  021% 5% 525% >25%
A Loss due to space weather i o oo 5

5

Catastrophic

2

Minor  Limited

1
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Framework for
PNT Resilience

A single National PNT Office responsible
for coordination of all government PNT

A National Timing Centre established to
create a resilient next-generation
UTC(NPL) GNSS independent-time via
space, fibre and high-precision terrestrial
broadcast across multiple spectrums

System of Systems as a resilient and
complete PNT alternative
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Why PNT is at risk o4

Why PNT matters

PNT
Resilience

PNT underpins the safe operation of Critical National
Infrastructure and many everyday activities in modern
saciety including:

The UK's PNT is almost completely provided
through Global Navigatlon Satellite Systems
(GNSS), primarily the US Global Positioning
System (GPS), which is aperated by the US
* Our personal navigation - Space Force.

maps on moblle phones

* Our finances -

« Our travel -
cars, trains and planes

PNT (Positioning,

X SN There are many potential major disruptions
Navigation and Timing),

to GNSS provided PNT, including hazards like

« Our telecommunications -

. 5 phanes and TV touch payments and severe space weather and catastrophic
e teCthquy vital t.O. mobile banking , technical failure, and threats like cyber and
the functioning of Critical o N;;'P"‘m and physical attacks.

National Infrastructure and : =
underpins many everyday ' :‘:bm"f"m:':‘nﬁ. . ‘5
activities in modern society. ! - u

[/
Government Policy Framework 4 . ’
for Greater PNT Resilience will { /
scope the proposals helow A

Next Generation PNT

VL UORUIN VN A VALY

What is PNT?

Positloning, the ability
to determine location

and orientation.

What will HMG do?

Strengthen the resilience
of the PNT services

oh which our Critical
Natlonal Infrastructure
and economy depend

by scoping a new
Govemment Policy
Framewaork for Greater
PNT Resilience.

Timing, the ability to acquire

® and maintain accurate and National Timing Centre PNT Skills
precise time from a standard
anywhere in the world.

National PNT Office
@ Navigation, the ability to

determine current and
w— desired position.

PNT Crisis Plan PNT Growth Policy

5 Satellite Based Augmentation =~ 2>
MoD Time System (SBAS)

HM Government

Enhanced Long Range Infrastructure Resilience

Navigation (eLORAN)

Va
N
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saencs, movation N@tlonal System of Systems and NAVISP

& Technology

Internet Time Servers PNT Users

RGNSS Chips

Satellite Based Augmentation @ Global Positioning
System System
National Timing Holdover Clocks y
Centre
: LORANR i

Assured
Components

Legislation

GNSS Interference
Monitoring

Doctoral Training

v

MOD Time

UK Space Operations Centre
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UK National Timing Centra Resilient Enhanced Timescale

National Timing Centre (NTC) Policy

A The NTC will provide resilient, terrestrial,
sovereign, and higlquality Timing for the Ukand,
when combined witreLORANbackup
Positioning.

A The core of the NTC will be a Resilient Enhanced
Time Scale Infrastructure (RETSI), a network of
four sites with linked sets of atomic clocks.

A The four sites will be geographically distributed
and physically and cyber secure and linked by a
mesh network of secure optical fibre cable and
TWSTFT.

A The NTC R&D Programme began in 2020 and has
proven the technology. Funding is anticipated to
reach Operational Capability by 2030

UK OFFICIAL

[llustration of Resilient Enhanced Timescale Infrastructute
and Distribution (not actual)

RETSI
Site 3

Orchestration Orchestration

Node Node
Innovation Service .
N Node Private Node
End Users End Users End Users
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nAdhoco di s t-rDishibution archite

United

Kingdom
Requirements High-level Detaileo
oy - capture design desig
WS Key considerations for design:
- 0 Sheffielc \\é
A Optimum routing / locations of intermedia
A Upgradability

- New users
- More stringent performance requirements

- Additional links for improved resilience
A Interoperability with other European national networks
A Secure

Map for illustrative purposes only.
Most locations have not yet been fixed.
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MOD TIME

Defence has a breadth of use cases and
performance requirements similar to that of a
modern Critical National Infrastructure and
economy, with one exception:

Defence PNT is intended to be used in conflict

-
—_—
- \
—
-“
——

Increasing regional and global conflicts as well as ’ £-—= SHEPHERD
. L ’/

preparation of nations to engage in manoeuvre
warfare reveal timing requirements once
measured in minutes are now approaching single-
digit nanoseconds and beyond

eLoran is one of several systems being developed
to deliver MOD TIME
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ESA NAVISPPushing Boundaries of PNT

Search Q — EUROPEAN SPACE AGENCY nauisp @ csa '

& 8530108 ﬁﬁ A @

/]
/
/
)

048 - TOUCAN (TWO-WAY SATELLITE TIME
AND FREQUENCY TRANSFER CAPABILITY
DEMONSTRATION)

Status: On Going
Activity Code: NAVISP-EL3-048
Start date: 01/05/2025

Duration: 15 Months

TOUCAN will complement efforts to reestablish a UK Enhanced Long-Range Navigation (eLoran) system, which will serve as a terrestrial backup to satellite-based services. A critical goal . \v
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CHAIN ODYSSEY
&M (Fixed eLoran Infrastructure)




N
UK OF \

eLorammr] YRUD Wi 6

in \ 3 BLO BRAR O DO
, RESILIENT
: . NAVIGATION
5 ' TIMING HOME JOINNOW WHOWEARE v WHATWEDO v  EVENTS PRESENTATIONS O
Y FOUNDATION
» Speaking Up for GPS/GNSS Users

[ALLL//

“Father of GPS” Calls for Immediate eLoran Build

by Editor | Jun 29, 2017 | Blog

Dr. Brad Parkinson at RNTF & ION meeting aboard USS Constellation,

27 June 2017, RNT Foundation photo. h y

Privacy - Term

Dr. Brad Parkinson, widely known as the “Father of GPS,” opened a presentation Tuesday night with a call for immediate

»
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CHAIN ODYSSEY DEVELOPMENTAL STAGES |

UK OFFICIAL

Map of current NTC and eLoran infrastructure

Illustrative map, exact locations not shown.

Key
* NPLTeddington @
e eloran Tower >
g
/

(G

g >

- :

Map of eLoran and TWSTFT initial operating capability

Illustrative map, exact locations not shown.

Key
* NPL Teddington @
* eloran Tower i
¢ Dstl Porton Down By
P
« TWSTFT
/
(G
"l

Map of eLoran full operating capability and links to NTC
Illustrative map, exact locations not shown.

Key >

¢ Primary Mesh

* RETSI Site & >
¢ Secondary Optical

A
=

Network —
* eloran Tower | g
* SBAS Station O
* Dstl Porton Down
e TWSTFT
* TWLFTT
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Beginning of European eLoran Alliance

UK and France Renew Ties, Resilient PNT, eLoran
a Key Part

UK & FRANCE | L&
JOIN FORCES <=

—
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CONSIDERATIONS FOELORANPARTNERING

National systems would
remain sovereign assets

Participants would work to
maximise compatibility and
interoperability

Align to EUROFIX standardj

should be starting point

Maximise eLoran uptake in
CNI and commercial areas

Full international network
should be able to self
synchronise of either of
[1 ¢URIWY! Wo
standards (UTCOP/UTGC
NPL)

Ensure a precisionraligned
UTC timing synchronisation

Work to further develop
wider European uptake

Share technology/research
advancesT ESA as a prime
partnering opportunity

Partner with global eLoran
operators to enhance the
signal standard definition
and GRI assignment
priorities T IALA and ITU
pathway.

Official SensitiveRelFR and ROK
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A European Anchor for PNT Resilience

A European Space Agency offers to act as host sponsor
for next stage of international eLoran developments

A Multiple EuropeanNations with interest in eLoran
A NATO
A EuropeanCommission
A Eurocontrol
A 9 EU Member States and Counting
A German military livetesting eLoran Oct 25
A Asian Countries engaged with eLoran

A Saudi Arabia (fielded), UAE (installing), Singapore
T UK collaboration, Japarr UK collaboration in
both Defence and civil time transfer

A Koreart Key partner to UK and host of FR/ROK/UK
eLoran Summit (announced at UN ICG)

A US DOT and DOD fundeéLoran ranges in USA

Official SensittVéRétFR and ROK



Hybrid eLoran / Spacebased PNT System

UK OFFIRSRAR

Miniature eLORAN antenna
showcased with UK Carrier
Strike Group

Cur patented eloran antenna deivers unmetched
DErToOENsa in & Comeact form Now on tour vl
Cparagtion HIGHMAST, Is regetinng what’s posstie

n resilient navigation.

ROKE

Miniaturisation of eLoran antenna and receiver Va
N
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Augment Cesa @esa

O navisp
a) o

m

NAVISP support efforts
to rebuild eLoran \

. Combination of e -Loran and
- signals from space
Under the leadership of the UK
PNT Office, an international

e-Loran horizontal position accuracy
can be < 10 m with differential

conference of countries corrections
interested in e -Loran will be ,
organi sed next year at ESTEC el i Anthom et Combination with signals from space
station at ESTEC UTC lab . . . . .
showing a 30 nsec pealcto-peak overcomes limitation in vertical
variation wrt to GPS time Y. .
positioning

Va

N s

EAN SPACE AGENCY
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~ URGENT COMPASS

(Tactical eLoran)
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Deployable eLoran Use Cases

Objectives

Deployable
Maintainable 5
Replaceable/Expendable? i ]

Low probability of intercept.

Difficult to jam.

Difficult to spoof.

Low power.

Use restricted to certain users.
Low visual and thermal signature.
UTC aligned?

Use Cases:

+ Fastairborne platforms

* Under ground

* Underwater

Official SensitiveRelFR and ROK
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Candidate Antenna Efficiency

AntennaType  Masts (Helght Peakipput oltage  IngutPower Radigted Efciency
12 2958 15 0.01 0.1%
Monopole 1 21 2959 30 0.09 0.3%
34 2960 57 0.57 1.0%
12 2961 53 0.13 0.2%
L-Antenna 2 21 2964 116 1.1 0.9%
34 2969 260 6.93 2.7%
12 2960 49 0.12 0.2%
T-Antenna 2 21 2963 105 1.03 1.0%
34 2968 230 6.47 2.8%
12 2960 49 0.06 0.1%
V-Antenna 2 21 2962 98 0.52 0.5%
34 2964 187 3.23 1.7%
12 2962 111 0.21 0.2%
Dual V-Antenna 4 21 2964 221 1.77 0.8%
34 2967 418 11.08 2.7%
12 2964 129 0.53 0.4%
B oadied 4 21 2969 302 4.5 1.5%
34 2979 741 29.04 3.9%
12 2973 646 0.87 0.1%
Umbrella 1 21 2987 1772 7.92 0.4%
34 3016 5247 55.72 1.1%
12 2968 353 1.66 0.5%
Inverted Pyramid 4 21 2971 738 14.61 2.0%
34 2977 1484 96.2 6.5%
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A RealWorld Example of Tactical eLoran

* 0Ongoing programme with German MoD and IABG. * Operating in Manching, Germany, since September.
» |SO shelter houses transmitter and control equipment. « Demonstrates timing, and secure data channel
- Storage space for: performance.

. 4x22m pneumatic masts, » Differential reference site 35km away.

. Matching unit, » Also receiving Anthorn (UK) and Slonim (Belarus)

- Feedline,

- Antenna elements.

- =

naFeedPoint A
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URGENT COMPASS$ Deployable elLoran

ARequirement for a noaGNSS dependent Defence Capability to:
provide both positioning and timing services for deployed forces

AFull assessment of current and neaterm PNT capabilities by
Defence resulted in eLoran being identified as the only capab ity
that meets all Defence requirements S

Alntent to acquire demonstration capability published by MOD i

2025, with commercial selection now in progress \\

AURGENT COMPASS would be fully interoperable with CHAIN
ODYSSEY and any allied eLoran systemstandards critical

Alnitial demonstration capability in UK in 2028

Official SensitiveRelFR and ROK
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eLorant How Good Is It?

37 44631

126.58115

7eLoran
Lat. 37.44630
Lon. 126.58111

APos. to GNSS (m) 3.57

Loran Stations
Station SNR TOA ECD
9930M 27.00 13659.92 0.99
9930W 2527 25550.44 119
9930V 2416 94626.09 197
7430M 3749 29409 31
7430x 20.65
7430y 18.25

-1.43

44841.18 2 59
6107920 _q 77

2 1029

2w o

20251143

UK OFFICIAL



