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Maritime need for Resilient PNT
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280ays AIG Tratho_

Risk of maritime navigation around
the UK is growing
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GPS vulnerability to interference

Jammer of less than 1 milliWatt:
* False positions, and velocities
* Autopilot may turn vessel

* But no alarms!

With a little more jammer power:

* Electronic Chart Displays

= &, * Autopilot
' \ _ : ' * Automatic Identification System
L L b el ﬁ - Differential GPS

* Satellite voice and data comms

. \ L
i — * Maritime distress safety system



Problem GPS is everywhere
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Problem GPS is everywhere
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Vice President Pence Hosts National Space Council o »~

https:/ /www.youtube.com /watch2v=9zW2bLJXkRU
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What to Do?

* Protect — GPS Signals

* Toughen — Users & Equipment

* Augment — w/other signals & sources
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* Protect — GPS Signals

* Interference detection
* Enforcement
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° Toughen — Users & Equipment
* Anti-jam, anti-spoof
* Standards, requirements, costs

Roke
Lot's of anti-jam products on the market...

CRP . ' Raytheon ** * **

™ - 3 X

o &8 3 L
Rockwell Colling - e 9

; ~ B4 Radio Equipment Directive
. —r — GNSS Receivers
&

Plus Mayllower, Cobham, BAE,
Thales, Harris, Lockheed, L-3, and
others..,




What to Do?

* Augment — w/other signals & sources
* Five major studies — “elLoran is best/only solution”

e US Govt Announcement 2008 — “Will build elLoran”
e US Govt Announcement 2015 — “Will build eLoran”

2018 - $10M for GPS backup Technology Demonstration



eLoran — low cost, high performance

* Terrestrial, high-power, low-frequency system
* Modern digital technology

* No common mode of failure with GPS

* Plug-and-Play Compatible GPS augmentation
* Accurate positioning

* Precise UTC timing and frequency

* Robust data communications

* Autonomous operation




NASA Provides Coverage of the National Space Council Meeting Qo »~



eloran UK Initial Operational  pRiswns

Capability
I

UK maritime eloran
IOC declared on
31 October 2014

Differential operation

- 7 major UK east coast ports




eLoran IOC coverage

Position accuracy capability (metres)

Indoor coverage of eLoran 500ns timing accuracy
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UK-only Timing & Data Capability

‘\,_FWJ‘Q:"(\\;—’N—'{
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0 5 F
. With a 2" UK permanent
UTC Timing from UK Anthorn transmitter (LOOKW) installed in
Transmitter alone: 500ns, indoors Cornwall
Single Tx Timing & Data capability Robust UTC Timing & Data

capability
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Summary, all Locations
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Differential eLoran Station Predicted Horiz. Accuracy (95%) | Measured Horiz. Accuracy (95%) Difference vs Model
Harwich £90m 6.59m 25.9 "% better
Dover 1020m 687 m 2 better
Sheemess 9.30 m 778 m 16.3% better
Middlesbrough 580 m No data yet thd
Leath S40m T 4m 5.0% bett
Abcrdeen® 720m 7.33m 1.8% worse
Humber* 640m 6.24m 2.5% better

* At Aberdeen and Humber the antennas are located on the wall of a
building and thus have less elevation than the other sites. It
should also be noted that the model was based on previous
performance attained using an H-field antenna




eLoran Initial Operational Capability in the United
Kingdom — First results
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Work in the United States (example)

,.nUrsaNav wildwood, NJ to Washington, DC (USNO) User Receiver 5 cxmn €
‘m L 4 L4 L4 L 4 T L L4
mr-
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£ ! ; . F PR VO,
g’ |
- 200 -4
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600+ 3 2 .
2014 FRP +/- one microsecond as Y-Axis
800+ - - - - .
"%Doc lOIl)oc 1160: 126«: 136«: 1460: 156.: Né)oc 176.: 1!6&: 10:)0: 206«: 21:).:
Period: December 2015
Distance to XMTR: 120 miles

Mean: 22.9 ns
STD: 26.1 ns www.Ursanav.com

Max: 147.0 ns
Min: -90.0 ns

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

UrsaNav




Work in the United States - Summary

UrsaNav elLoran CRADA Executive Summary

O Without differential corrections or augmentations, eloran results have easily
demonstrated the ability to meet the (+/-) one microsecond timing synchronization
requirement proposed in the 2014 Federal Radionavigation Plan (FRP)

O Without differential corrections or augmentations, eLoran results within a 500 mile
range of the test transmitter location have demonstrated (+/-) 500 nanoseconds
synchronization to UTC

O Without differential corrections or augmentations, 95% of all data collected was
within 156 Nanoseconds of UTC

eloran Vs. UTC Cummulative Error
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Leaders in what's now. Innovators of what’s next.

UrsaNav




Work in the United States - Summary
araas

- - UrsaNav eLoran CRADA Executive Summary

J With differential corrections applied at certain locations in the vicinity of a
Differential eLoran Reference Station, eLoran demonstrated time synchronization to
UTC well within 100 nanoseconds

O elLoran was proven in field trials to be a successful backup to GPS timing in a Wide
Area Multilateration (WAM) aviation application, providing equivalent performance
to GPS

J Additional aviation testing is ongoing, with plans underway to demonstrate precise
time synchronization, Loran Data Channel (LDC) communication, and compass
(heading) applications in Unmanned Aerial Vehicles and General Aviation aircraft in
January 2017

O eloran in Smart Grid application Proofs-of-Concept are planned for Feb/March 2017

www.Ursanav.com

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

UrsaNav




Portable Capability

“Triple-T”
* Temporary
* Tactical

* Transportable

www.Ursanav.com

Field Tested

* 4-6 hours setup
* ~ 140 mile range
* 70’ x 70" x 70’ Inverted Pyramid
* “Box” truck mimics CONEX

* Successfully deployed three times

Ursailav : 4 Opr e
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Timing Only/
1 LOP

Loran/Chayka

Service Areas

2018

Service Areas Approximate. Consult national authorities in UK, Saudi
Arabia, Russian Federation, China, & South Korea for more information
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The Resilient Navigation and Timing Foundation is a 501(c)3
scientific and educational charity registered in Virginia



