
WSTS, San Jose, USA
14th – 16th June 2016

Prof. Charles Curry BEng, CEng, FIET, FRIN 
Chronos Technology Ltd / Taviga Ltd

Charles Schue FRIN
UrsaNav / Taviga Ltd

eLoran – The Future of Resilient PNT



Black Swan Events

� Surprise to the observer

� Significant impact

� With hindsight – could 

have been predicted

Nassim Nicholas Taleb

2007 “The Black Swan”

What is the cost of loss of time accuracy?
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Loran Background

� USA Switched off Loran-C

� Russia, India, Saudi Arabia, Korea 
Operational

� France Switched off Loran-C Control 
Centre Brest – Dec 31st 2015
– France - Lessay & Soustons

– Denmark – Ejde

– Germany – Sylt

– Norway – Vaerlandet, JanMayen, Boe, 
Berlevag

� Anthorn UK eLoran station not 
switched off!
– National Security
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eLoran Today

� UK – Anthorn/EU – Timing Testing

– Anthorn given “Master” status

� USA - Wild Wood NJ – NYSE Trials

� Korea – Recent GPS Jamming by North Korea
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UK Anthorn Operations

� UK Government Support

– On grounds of National Security

� Maintained UTC Traceability

– Despite France switching off CCB!

� Planning a Resilient Timing Service

– Terrestrial UK navigation service

– Maritime navigation service

– Expansion into neighbouring countries

– Conversations with Governments
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Anthorn UTC

� Was traceable to CCB Brest in France

� Dec 2015 Cs steered to UTC (GPS)

– Using development system “CsWatch”

– Steers Cs to UTC using equivalent of 30 day loop 

time constant
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CsWatchGPS 5071A CsUTC Tx
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Testing



Current UK Research Project

� Innovate UK – the “GAUL” Project

– Galileo Assist Using eLoran

� Using the Loran Data Channel

– GNSS ephemeris

– Local eLoran ASF offset

– Enables UTC alignment for indoor eLoran Rx
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EDTR 

Local ASF
Anthorn Tx

Indoor 

eLoran
LDCASF



Anthorn Timing Results
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30ns/Div

1 Day/Div

Slope = Ref Cs

Red – GPS outdoor antenna. Blue eLoran indoor H-Field antenna

10 Days



Anthorn MTIE
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G.8272 PRTC

1000 secs

10ns

Red – GPS outdoor antenna. Blue eLoran indoor H-Field antenna

10 Days



Leaders in what’s now. Innovators of what’s next.

eLoran Timing Evaluation NYSE

eLoran Transmissions 
from former USCG

Loran Support Unit

Wildwood, NJ 

– Synchronized to UTC via 
Two Way Satellite Time 
Transfer (TWSTT) provided 
by US Naval Observatory

– 360 kW of Effective 
Radiated Power

– Broadcasting dual rated as 
8970 Master and Secondary

– Data sent via LDC only on 
Secondary rate at raw data 
rate of 56 bps and effective 
data rate of 21 bps



Demonstration Results – NYSE

Leaders in what’s now. Innovators of what’s next.

April 19, 2016
Indoors at NYSE

Distance to XMTR: 130 miles
Scale: +/- 50 ns

STD: 7.1 ns
Mean: -16.1 ns

http://livestream.com/ICENYSE/JuniperWebcast



Coverage From Former Wildwood, NJ Transmitting Site

2014 FRP Coverage Area.           360 KW transmissions.           1 MW transmissions.

Leaders in what’s now. Innovators of what’s next.
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UTC Delivery

What can Possibly Go Wrong?



Jamming & Spoofing - Who and Why?

� Privacy & Covert Operations – Mainly Jamming

– Personal Aggravation Disruption

– Personal Privacy

– Criminal Privacy

– Organised Crime Gangs (OCG)

� Cyber Security – Service Denial – Jamming & 
Spoofing

– Cyber Crime

– Civil Disruption/Terrorism

– Nation State



Personal Privacy – Case Study

Three Switch

GPS based 

fleet tracking 

technology 

used here 

Resilient Timing 

System using Rb/OCXO

holdover not impacted 

by jamming



Professional Car Thief - Toolkit
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� GPS L1 1575.42 MHz 2W

� GPS L2 1227.60 MHz 2W

� GPS L5 1176.45 MHz 2W

� WIFI 11b/g/n 2.4 GHz 2W

� Remote Control 315MHz 3W

� Remote Control 868MHz 3W

� Remote Control 433/434MHz 3W

� Lojack 173MHz 3W

� Disables……
– Remotes for Cars, Garages, Gates - 315/433/868 MHz

– CCTV, UAVs, Quadcopters, Drones - 2.4 GHz

$1,250 www.jammer4u.com



Korea – GPS Jamming

Prof. Jiwon Seo -Yonsei University, South Korea  Resilient PNT Forum II, Dana Point, 

California - January 26, 2015

http://rntfnd.org/2015/02/01/resilient-pnt-forum-ii-presentations/



Korea – GPS Jamming - 2016

“North Korea is using radio 

waves to jam GPS navigation 

systems near the border 

regions, South Korean officials 

said.”



Impact of similar Jammer on London

� 100 Watt Jammer Shard – Floor 72

� Simulation courtesy Mike Jones

– Roke Manor Research
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London Events/Month 

>30 Seconds
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100

150

Near London Stock Exchange!

April 2015 to End March 2016

42 minute event – 12th April



Spoofing?

� “A GPS spoofing attack attempts to deceive a 
GPS receiver by broadcasting counterfeit GPS 
signals” – Wikipedia 2016

� Spoof Position

� Spoof Time

� Academic Research topic

– Dr Todd Humphreys
– https://www.ted.com/talks/todd_humphreys_how_to_fool_a_gps?language=en

� …until 2015….
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What Happened in 2015?
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A Beginners Guide to low 

cost Spoofing <£200!
https://www.youtube.com/watch?v=jwJKMti_aw0



Space Weather – June 19th 2015

� 11 Year Solar Cycles

� Aurora Borealis

� “Carrington” Event 1859

� Solar Flares (8 Minutes)

� Coronal Mass Ejection

– CME

– Up to 2 days

� June 19th 2015 - Impacted UK Broadcast Services

� Met Office – Space Weather Alerts 
http://www.metoffice.gov.uk/publicsector/emergencies/space-weather

Nasa

Univ of Bath



Rogue Antennas



Poor Installation Practice!
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Last 2 weeks

139 Events

Shortest 6 Mins

Longest 10 Hrs

1000s GPS alarms



GPS SVN23 – 26th Jan 2016

� January 25th 2016 – SVN23 retired

� A -13.7µsec UTC offset accidentally set on satellites

� Only impacted (some) timing receivers

� USNO had no idea until users called!

� Case Study

� Video
– Courtesy Ted Driver at Analytical Graphics via John Lavrakas

� Read the BBC Headlines
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Heavy RFI Environment

Roof in London

Loan of GAJT-700ML courtesy Novatel, Inc. Photo: Canadian Army

Lots of events mitigated 

using CRPA antenna

5 Months Denial of Service



Mitigation Options

� Better & Safe (!) installation practice

� Distributed GPS architecture

� Special jam–proof GNSS antennas

� Better holdover oscillators

� Built in redundancy

� Multiple sources of UTC
– Using different technologies

– Over differing transport technologies

– Self checking regime

� UTC - Traceability Through Diversity 
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Further Reading



Further Reading – Reports

� GPS Interference & Jamming

– Royal Academy of Engineering Report - 2011
– http://www.raeng.org.uk/news/publications/list/reports/RAoE_Global_Navigation_Systems_Report.pdf

� Extreme Space Weather

– Royal Academy of Engineering Report - 2013
– http://www.raeng.org.uk/news/publications/list/reports/Space_Weather_Full_Report_Final.PDF

� UK Research – SENTINEL Project 

– Innovate UK, Chronos, NPL, Bath Uni. et al. - 2014
– http://www.chronos.co.uk/files/pdfs/gps/SENTINEL_Project_Report.pdf



Further Information
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http://rntfnd.org/



Conclusion

� GNSS jamming & interference increasing

� eLoran enhances UTC traceability through 

technological diversity

� Roof top antenna not necessary

– Saves $$$$$

� Not susceptible to the same challenges as 

GNSS

� Proven and tested in the UK and USA
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