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Single Point Jamming Events Since 2000

• Boston airport- 2000 – NGS unable to complete 
airport survey due to jamming.  Had to use optical 
methods (Total Station) to complete surveymethods (Total Station) to complete survey.
– Incident described in RTCA DO-235 publication, 

December 5, 2002. 

• Monterey Bay – April 2001 – All of Moss Landing 
harbor jammed, reported by captain of research 
vessel PT SURvessel PT SUR
– Jamming source was a commercially available VHF/UHF 

television antenna with built-in preamplifier. 

– Three preamplifiers causing the jamming in Moss Harbor

– Coordinated effort by Naval Postgraduate School (NPS) 
and FCC located two emitters  in about 2 months  last 
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and FCC located two emitters  in about 2 months, last 
emitter located by FCC 6 months later
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Jamming Incidents (Continued)

• San Diego – January, 2007
– Navy testing equipment in Port of San Diego caused 

interference to GPS for about 2 hoursinterference to GPS for about 2 hours

– Navy personnel suspected they were causing the 
unintentional GPS jamming and terminated the exercise

– GPS and telcom outage reports to Coast Guard NAVCEN 
and GPS Operations Center  (GPSOC) continued for about 
4 hours

– NAVCEN and supporting agencies 72 hours to pinpoint 
the jamming source

CORS reference station in San Diego lost GPS tracking– CORS reference station in San Diego lost GPS tracking
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Jamming Events are Projected to 
Increase

• GPS tracking technology increasingly available in 
the infrastructure
– Transportation

– Criminal Justice

Commercial Sector– Commercial Sector

• Employees may be reluctant to be tracked by GPS 
all the timea t e t e
– May use commercially available low power  GPS 

jammers to avoid monitoring

• Increased use of these jammers may affect GPS 
surveying projects
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In November 2009 NGS Participated in 
Jamming Tests at Holloman AFB, New Mexico

•Objective was to determine if electronic 
interference could be detected by CORS 
stationsstations.

–Network CORS station Socorro (SC01) used

 Collecting data @ 30 sec  rate Collecting data @ 30 sec. rate

 Approximately 62 Kms. from center of 
jammers

– Temporary CORS station (NGS1) in close 
proximity to a number of jammers

C ll ti  d t  @5  t Collecting data @5 sec. rate

 NGS1 approximately 38 Kms. from SC1
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Weston, Neil; et al, A Near Real-time GPS Interference Detection System in 
the United States Using the CORS Network,  FIG Congress 2010, Sydney , 
Australia, April 11-16, 2010.



CORS Station Locations



Low Power (37 dBm) 
omni directional omni-directional 
broadband noise

SC01 62 Kms. from Jammer
NGS1 23 Kms from Jammer
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Low Power Omni-directional Jammer
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Low Power Jamming Results @ 23 Kms.
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Directional Jamming
Noise Ramp 0-48.5 dBm 
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Noise Ramp – Significant Position 
Changes and Tracking Loss Near End of 

Scenario – 32 Kms from JammerScenario – 32 Kms from Jammer
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Noise Ramp – NGS1 Tracking Initially, 
but Lost Track 15 Min. Later 
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Existing/Emerging Global ThreatsExisting/Emerging Global Threats
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UNCLASSIFIED 3rd GNSS Vulnerabilities and Solutions Conference, Baška, 
Krk Island, Croatia, September 5-7, 2010.



US Government MeasurementsUS Government Measurements

Wideband RFI Source Wideband RFI Source 
measured occupying measured occupying 
approximately 20 MHzapproximately 20 MHzapproximately 20 MHz approximately 20 MHz 
–– 5 MHz below L1 and 5 MHz below L1 and 
15 MHz above L1.15 MHz above L1.

Normal L1 passband Normal L1 passband 
Spectrum when RFI Spectrum when RFI 
Source is not present.Source is not present.
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UNCLASSIFIED



US Government FindingUS Government Finding

RFI source 
“Locked on” and“Locked-on” and 
pursued.

O Sit ON OFFOn Site ON-OFF 
tests confirms 
GPS RFI source.
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The GPS TriadThe GPS Triad
J i GPS U S S iJ i GPS U S S iJoint GPS User Support ServiceJoint GPS User Support Service

USAF GPSOC
(military)( y)

FCC NORAD/NORTHCOM

JSC
PIRT USSTRATCOM

NTIA

USCG NAVCEN
(surface)

FAA NOCC
(airspace)
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Patriot Watch Customer Base/Users



Reporting a GPS RFI Incident
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Outage Report
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Multipath Mitigation Antenna Research

• Small Business Innovation Research (SBIR) Grants 
awarded to Toyon Research Corporation awarded to Toyon Research Corporation 
– Phase I and Phase II Grants

• Prototype Antenna delivered to NGS in August 
2008
– Tests conducted near a lighthouse in South Carolina

– Objective is to evaluate multipath mitigation at high 
elevation angleselevation angles

– Compare results with choke ring antenna
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Toyon L1 / L2 Antenna with Radome
& Radar Absorbent Material (RAM)
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High Elevation Multipath Test Site
Charleston, SC
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Multipath at Sullivan’s Lighthouse
Charleston, SC
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Toyon Antenna Patterns (RHCP & LHCP)
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LHCP Patterns
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The Last Topic for This Morning!
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California Tracklines Near Fault Line
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A Useful Link to Rapidly Plot Large
Data Sets on Google Earth

• http://www.earthpoint.us/ExcelToKml.aspx

• Application processes an excel spreadsheet of 
l /l  di  d di l  h  di  lat/long coordinates and displays the coordinates 
in Google Earth. 

• State Plane coordinates for the United States are • State Plane coordinates for the United States are 
supported.

• Initially no cost to display large data sets; now a y p y g ;
nominal charge for up to 10,000 data points for a 
single run.
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Quick Start Instructions (Page 1)
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Quick Start Instructions (Page 2)
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Quick Start Instructions (Page 3)
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Quick Start Instructions (Page 4)
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Louisiana Tracklines
Excel Spreadsheet

TSPS 
10/16/10



Louisiana Tracklines
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Louisiana East - West Trackline
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Backup Slides
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Gravity for the Redefinition of the 
American Vertical Datum (GRAV-D)

• GRAV-D is a proposal by the National Geodetic 
Survey to re define the vertical datum of the US by Survey to re-define the vertical datum of the US by 
2021.
The gravity-based vertical datum resulting from this g y g

project will be accurate at the 2 cm level for much of the 
country.

• The GRAV-D project consists of three major • The GRAV-D project consists of three major 
campaigns:
1. A high-resolution "snapshot" of gravity in the US:

This is a predominantly airborne campaign with The 
highest priority targets are: Alaska, Puerto Rico and 
the Virgin Islands, the Gulf Coast, the Great Lakes, 
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and Hawaii.



Gravity for the Redefinition of the 
American Vertical Datum (GRAV-D)

2. A low-resolution "movie" of gravity changes:

This is primarily a terrestrial campaign and will mostly 
encompass episodic re-visits of absolute gravity sites, 
attempting to monitor geographically dependent 
changes to gravity over timechanges to gravity over time.

3. Regional partnership surveys:

NGS seeks to collaborate with local (governmental, NGS seeks to collaborate with local (governmental, 
commercial, and academic) partners throughout the 
GRAV-D project. Partners that are willing to support 
airborne or terrestrial surveys or to monitor local 
variations in the gravity field are a critical component 
of GRAV-D.
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Absolute Gravimeters
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FG-5 Sensor Diagram
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Absolute Gravimeter Data 
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NGS Phase I and Phase II SBIR

NOAA Mobile Absolute Gravimeter
A prototype small absolute gravimeter was developed 

by Micro g Solutions Inc  for NOAA underby Micro-g Solutions Inc. for NOAA under
Phase II SBIR contract #50-DKNA-6-90138. Delivery

of the prototype was taken in June 1998
and first tests were conducted on

the Rocky Mountain Calibration Line
near Idaho Springs, CO in mid November.p g ,
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Micro-g Solutions Mobile
Absolute Gravimeter Prototype A-10
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A10 Instrument Deployed During
Winter Field Survey in Colorado
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Copyright © 2001 Micro-g Solutions, Inc. - All Rights Reserved



A-10 deployed near Tucker Snocat
in Prudhoe Bay, Alaska, 2002. in Prudhoe Bay, Alaska, 2002. 

Copyright © 2001 Micro-g Solutions  Inc  - All Rights Reserved

TSPS 
10/16/10

Copyright © 2001 Micro g Solutions, Inc. All Rights Reserved

The tent will be used as a wind block. (-20C)



Deployment in Alice Springs, Australia
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