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Why should I care?

FINRA/ESMA Standards Rregulations are
evolving from millisecond time stamping to tens of
IHIC!DSE‘COHdS, or even Slﬂg‘e microsecond ‘E\.’eiS
Synchronization moving from relative to absolute time.

€Cost No need for an external antenna and a long run
of conduit to connect the antenna to the PTP servers.

financial institutions. Shouldn’t your contingency plan include
an assured source of accurate time?

Contingency Treasury requires backup plans for many /
I

Time Synchronization Constructing an event timeline ’
requires information from many systems in many locations. The
time stamps of the system logs of all these systems need to be
synchronized accurately within a few microseconds.
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Why should theé~inancialSectorcare?

Note that MIFD Il will also be influencing standards in the US.
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eLoran, and one other PNsBlution (i.e., oscillator/NTP/PTP for timing; INS for
positioning).

Leaders in what’s now. Innovators of what’s next.
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Motivation For a Resilient Timing & UTC Service

GPS / GNSS Vulnerabilities

Spectrum Competition
Radio Frequency Interfe
System Anomalies & Failu
Jamming

Spoofing & Counterfeit Sig
Proliferation of Satellite Sys . Key Resource sectors int
Satellite Launch Problems 15 use GPS for timing.
Ground Segment Problems

v
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GPS timing is deemed essential
for 11 of the sectors. 99

Source: U.S. DHS
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or should rely on GNSS solutions supplied by other sovereign nations: GLONASS, GAi&IOU,

GPS is the gold standard for global PNT, and as purely an economic engine is incredibly hard to value.

GPS should be fully funded, and receivers/antennas/signals should be continuously improved to better Protect,
Toughen, and Augment its capabilities.

When GPS is available and trustworthy, it should be the first choice for PNT.
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GPSis eLoran. It is the
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only wiatea, multimodal source of PNT that is not sateHitased.

All systems are vulnerable, hence the need to have alternative/backup/complementary capabilities ingitzree
there is an issue.

We know the DQD is working diligently to improve receivers, antennas, and signals to harden GPS. However we
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protect our Critical National Infrastructure / Key Resources by providing a resilient PNT ecosystem that con3|sts of
multiple layers of protection. GPS/GNSS should be at the top; then aaréde multimodal complementary

solution, like eLoran; and then singi@ode or purposebuilt solutions, like VOR/DME/INS/OSCIILS, etc.
Augntl)entations, like SBAS, GBAS, and differential eLoran should also be put in place to fill gaps in coverage or
capability.
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What is Loran-C? elaoran-2/

Loran-C:

+ Developed by DOD + Pulsed

+ Global PNT standard: 1957-2010+ + Stratum-1e frequency standard
« Radio Frequency (RF) system « Positioning, Navigation, Timing

+ 90 - 110 kHz internationally

protected spectrum .
+ Ground wave signal ’ } } } } } } ‘
+ Very high power T W I\‘I‘ H'\ |"‘! :
<] I ‘l | ‘ oo oo sem [ Y (T .

<
VUL
A ‘m\" I

V
Vyve

Leaders in what’s now. Innovators of what’s next.
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LoranC was the global PNT standard before GPS.

It is anevolutionary solution, with its roots in Lorahand LorafB (both developed by
the US DOD and UK MOD).

The DOD also developed a tactical, precision bombing variant, calledDoasa a
fully deployable version known as the Air Transportable Loran System (ATLS).



What is Enhanced Loran? eloran-Z/

Enhanced Loran:

All the good stuff from Loran-C, plus:
+ Time-of-Transmission control .+ Loran Data Channel (LDC)
- Differential corrections (dLoran and/or DGPS) - Additional integrity
+  Transmissions synchronized to UTC

- Receivers can use all-in-view signals

New Infrastructure & Technology
+ 21t century solid state transmitters
- Three cesium-based PRS per station
- Precision time & frequency equipment
- Whole-station UPS
+ Secure telecommunications
New Operations Paradigms
- Unmanned and/or autonomous operation

- Sites v. Stations
- Time-of-Emission v. System Area Monitor
+ Terrain effects (ASF) modeling and/or measurement

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

eLoran was the product of years of R&D and testing led by the @&CEAA, in
collaboration with academia (e.g., Ohio University, the USCG Academy, the University
of Rhode Island, the University of Alaska, the University of Bangor, and Stanford
University), industry (e.g., BAH, MITRE, NorthBspmman, Peterson Integrated
Geopositioningand Rockwell Collins), OGA (e.g., the VOLPE Center, the DOD Range
Commanders Council), the international community, and 160+M Congressional funding



GPS (GNSS) & (e)Loran

How are they similar?

- Developed by the DOD + Hyperbolic

+ Get time from the USNO (UTC) * Global standard

+ Provide PNT + Free (when Government provided)
+ Better with augmentations + Azimuth / Compass

+ Stratum-le + Ground infrastructure

Old / antiquated technology?

Radar: Loran-A: Loran-C: SatNav:
1934 1940 1957 1959

Leaders in what’s now. Innovators of what’s next.
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GPS receivers require an almanac and ephemeris information for best accuracy. If this
information is not already available and current in the receiver, it can take additional
time to download and thereby improve performance.

eLoran receivers use previously stored Additional Secondary Factor (ASF) information to
improve accuracy. Updates provided via the Loran Data Channel (LDC) produce the best
accuracy.

Other technologies, such as TV, Radar, @atNavhave continually evolved; Loran has
as well.



GPS (GNSS) & (e)Loran

How are they different?

+ System: GPS | eLoran

+ Frequency: High | Low

+ Power: Very Low | Very High
+ Transmissions: Space | Terrestrial
+ Jamming: Easy | Very Hard

+ Spoofing: Easy | Very Hard

« Integrity: None | Built In

+ Data Channel: None | At least one
+ Reach: Global | Continental
« Accuracy: Best | Good

+ Positioning: 3D | 2D

+ Propagation: Atmosphere | Ground
+ View Required: Clear | Obstructed OK

Leaders in what’s now. Innovators of what’s next.
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FourGPS satellites are required to get a 3D position and time.

With three GPS satellites, a 2D position is available, but it is presumed to be at sea
level. No time is available.

eLoran signals from at least three stations are required to get a 2D position. 3D is
available using an altimeter. Only a single eLoran signal is required to get time at a fixed
location. Time is available while in motion if at least three eLoran signals are available
(to provide positioning).

The most likely scenario for users is that GPS/GNSS and eLoran be integrated into a
AAYy3tS NBOSAOSN®» ¢KS o6Said az2fdziazy Aa | a
GPS/GNSS, eLoran and an OSC/NTP/PTP for timing and/or GPS/GNSS, eLoran, and INS
for positioning. Anything that can be integrated with a GPS receiver can also be

integrated with an eLoran receiver: INS, SAG, CSAC, etc.



What happens when the gold standard slips to T

January 26, 2016
2:49 to 8:10 AM

13.7 microseconds
timing error.

Contaminated an
additional 15
satellites.

GPS SVN 23 Timing Anomaly Video: https://www.youtube.com/watch?v=ZjnK8GmSvnc

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

Bad things happen to even the best systems/technologies.

Theentire Russian GLONASS constellation was unavailable for eleven hours during April
2014.

The European Galileo GNSS has suffered continual setbacks from funding delays, and in
August 2014, two satellites were launched into the wrong orbits.

Even GPS has had its momegtsee January 26 SVN 23 timing anomaly.

Because GNSS all operate in the same frequency bands, jammers are particularly
effective. Modern jammers target not only GNSS, but ®¥86i Bluetooth, and
telecommunications simultaneously.
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known as Hazardous Misleading Information (HMI).



eLoran Generation 21 Technology eloran-Z/

User Receivers Transmitting Site

-
' GNSS (GPS)
[_twstt__|
TWLETT
Microwave

Dedicated fiber
"Hot Clock"
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Local Time Scale i Nl
5071A Cesm PRS et e
5071A Cesum PRS e e
5071A Cesum PRS LU T (IR

Differential
Reference

“Control” &
Monitor Site

Leaders in what’s now. Innovators of what’s next.
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eLoran technology exists today, and is proven in operational use. The system agfifsistsnajor components: the transmitting
site, the monitor & control and/or Quality of Service site, the Differential Reference site (as required), and the userstecei

The technology is based on almégtyears of operational experience in military and civilian use around the world. The design
philosophies originally implemented for DOD use of the equipment is carried forward in all new versions. The technology Is
designed to l;e fully redundant and hetvappable to maximize operational availability and reduce the logistics tall (i.e.,
maintenance).

elLoran transmitting sites includeLocal Time Scale that consists of an ensemble of three césisetd Primary Reference

Standards (PRS), and a Remate Time Scale that can have one or more reference UTC inputs: GPS/GNSS, TWSTT, TWLFTT, .
YAONRB gl S5 RSRAOIGSR FAOSNE 2N aKz2id Of 2015@ ¢KS [ 2 Qsnbt ¢ A YS {O
directly coupled to, or dependent upon, them. An eLoran transmitting station can operate fully autonomously without a remote

timing refelrenli:e input for 7®0 days using three 5071A cesilmased PRS, or possibly longer using other PRS: hydrogen maser or

quantum clock.

Where required for improved PNT accuracy, a Differential Reference Station can be installed. These sites can proviti@ differen
corrections for positioning, timing, or both over an area of approximately 35 miles radius.

Before GPS was declared the primary source for PNT in the US in 1994, there were mafyreosaver manufacturers around

the world. Receivers were available for maritime, aviation, {arabile, handheld, and timing/frequency purposes. Because of the
unavailability of a full GPS constellation during the first GUIf War, more i@raceivers were sold/used than GPS receivers.

Industry will begin development of eLoran receivers, either mtegrated with GPS/GNSS or as standalone units, as so@reas there
ardayrta Ay aLl OS FyR a2YS 3dz NI yisSsS GKIFG GK2as aAEthlosf a oAttt N
simply requires an investment; it is not a technology problem. Small footprint eLoran antennas are also achievable, with

appropriate investment. At present, eLoras-teld and Hrield antennas are available in approximately the same SWaPGPS

antennas, except for the mobile and hahdld markets.

Global standards exist for Lor&hsignals in space and receivers, including maritime, aviation, and timing/frequency. These
standards could easily be repurposed and/or upgraded for eLoran.

For less than the cost of a single GPS Block Il satellite, a complete BNIraysterfor the lower 48 states could be fully
capitalized and operationally funded for 20 years.
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Why should all Sectors care?
eLoran also reaches to some extent undergroand under water.

The Loran Data Channel (LDC) alone (i.e., not as part of a PNT solution) can be used to
provideoneg I € 2 &S OdzNBX |yR da3dzZt N yiSSReé RIEGF A
reach: inside buildings, underground, under water, under triple canopy, etc. Note that

GPS does not include any data channel capability. The LDC is part of the eLoran signal
and, therefore, does not require a separate receiver. In fact, a standalone LDC receiver

is very easy to develop.
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