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Motivation

B Telecom Industry

B 24x365 QoS Monitoring is the norm

B QoS in “Timing” is Relative Stability
between telecom traffic rates

B Using Low Cost GNSS Rx as Time
Interval Error (TIE) Reference

B Experiencing Anomalies

B Small ~ 10s Nanoseconds — but gave
erroneous alarms

B Started to research the phenomena
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GNSS Integrity — How Good is it?

B Urban Canyon
Poor Satellite visibility
B Interference

Weak signal Fixed Installations -
Easily obscured Close proximity of

B Multipath other antennas
Atmosphere

Signal reflections
Ground, Internal
B Jamming

Deliberate

Accidental L

: : Jammer circuits and
B Spoofing, Meaconing

Deliberate products on the Web!
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Horror Story “Headlines”

B “D-Link accused of 'killing' time server”

http://www.theregister.co.uk/2006/04/13/d-
link time row escelates/

B “GPScould be terrorist target”

http://archives.cnn.com/2002/US/01/08/ret.gps.
terror

B “Military ‘accidentally’ jams GPS”

http://forums.groundspeak.com/GC/index.php?
showtopic=160821

http://mag.gpsworld.com/gpsma/article/articleDe
tail.jsp?id=418420#H2

M “In-car GPS jammer subverts mobile tracking
devices”

http://www.engadget.com/2007/07/31/in-car-
gps-Jammer-subverts-mobile-tracking-devices/

B “Solar flare puts GPS off the air”
http://www.gcn.com/print/26_08/43512-1.html
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Problem Example — Arlanda Airport

B GPS used to track airport buses from control tower

B Horizontal “urban canyon” effect under shadow of “T” shaped
terminal

B Bus “apparently” drives through parked planes!
Bl System not trusted!

D

Track of bus as seen from
Control Tower appears to
drive through planes!

O
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Multipath Signatures — Carrier-to-Noise

B Carrier-to-noise ratio (anomalous low signal strength)
B Carrier-to-noise ratio (fading frequency)

FFT of C/N for one
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Multipath Signhatures — Code Carrier Divergence

B Code-carrier divergence (anomalous changes)
B Code-carrier divergence (standard deviation increases)

CC div

diff(CC div)
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1296 0 12&13UT Kiruna, PRN24 blue
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Multipath Detection

B Time Interval Error (TIE) very sensitive to multipath events
B ...an excellent “watchdog”

‘AII Data - Test Friday 11th Augl
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Tests done at Chronos comparing NMEA data with TIE data
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24x365 Monitoring

B Monitoring concept established in telecom industry

B Compare two frequency sources e.g. E1 (2.048 MHz)
Comparison resolution — 1ns!

B Continuously measure Time Interval Error (TIE)

B Compute Maximum Time Interval Error (MTIE) -

B Alarms if limit exceeded

B Heartbeats if OK

Communications
Channel
LAN/WAN, PSTN,
Mobile

Custom

Scripting &
T Database

Bi-directional
Comms
Engine

Sensor/
Measurement
Engine

Personality
Database
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A TIE Plot




24x365 TIE Monitoring

Steady State Data

Data can be viewed on
www.syncwatch.com
Catch
transients
events
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Wide Area or Local Integrity Monitoring?

GNSS is “Send and Pray!”
Local monitoring where it's needed — 24x365
Monitor GPS using TIE Metric against
any time reference, eLoran, etc
Alarm warning without need for Operator observation
Process GPS data to assess multipath and other phenomena
Publish to web page for on-line viewing
Deploy “mesh” of sensors in strategic locations
e.g. Airports, Airfields, Harbours,
Asset tracking e.g. public sector municipal assets
Road user charging schemes

B SATURN Consortium
Researching GNSS Quality of Service Solutions
Chronos Technology Ltd
University of Bath
National Physical Laboratory
Looking for trial partners for BETA testing
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Application Example — Signal Integrity

B Ensuring GPS signal is “Fit-for-Purpose” where it is
needed

B 24x365 monitoring will enable airport control staff to
have confidence in GPS location systems

B e.g. Airfield Asset Tracking
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Application Example — Test Environment

B Ensuring GPS Test Environment does not interfere with GPS
navigation systems

B Use of GPS Re-Radiators presently illegal!

B 24x365 monitoring of GPS signal around test area would
ensure test signals below detectable level outside

B e.g. Maintenance Hanger on airfield
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Where to?

B 3 Channel QoS leaves no doubit!
B Universal UTC QoS Machine!
AvB — BvC - CVA

GPS v Galileo v Rb

GPS v elLoran v Rb

Glonass v GPS v RDb

Real Time Space Weather Monitoring

Monitor at point of use not “Send and Pray”
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The SATURN Consortium

Mission - research susceptibility or immunity of GNSS applications to external
interference and the local availability of GNSS transmissions

Chronos Technology Ltd
Contact - charles.curry@chronos.co.uk
www.chronos.co.uk
www.syncwatch.com
www.gps-world.biz

University of Bath
Contact - c.n.mitchell@bath.ac.uk
www.bath.ac.uk

National Physical Laboratory
Contact - bob.cockshott@npl.co.uk

www.npl.co.uk
www.locationktn.com
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