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GNSS Systems:  General Properties

• Position, Navigation, Timing (PNT)

• Four + synchronized timing signals from 
known locations in space required for 
navigation

• Two + frequencies measure ionosphere

• Control, Space, User Segments

• Open and Restricted Services
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GNSS for Telecom Timing

• Antenna required
– Top of building implies space rental, lightning 

issues

– Through window gives limited visibility, sats come 
and go, GEOs are fixed

• Receiver needs Qu or Rb oscillator
– Provides signal, steered to sats

– Stability/cost trade-offs

• Telecom timing signals required

• Error/failure/attack mitigation
– RAIM

– Duplicate/backup timing
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GPS History

from Brad Parkinson
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•   L1 1575.42 MHz 

C/A-Code 1.023 Mcps,  
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U.S. Policy

Presented by Robert M Hessin, Acting Director, US National Coordination 

Office for Space-Based PNT, 14 Sep2009, 4th ICG
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GPS Today

Presented by David Buckman, PNT Command Lead, AF Space Command, 

14 Sep2009, 4th ICG



13

GPS Tomorrow

Presented by David Buckman, PNT Command Lead, AF Space Command, 

14 Sep2009, 4th ICG
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GPS Tomorrow

Semi-codeless transition

Presented by David Buckman, PNT Command Lead, AF Space Command, 

14 Sep2009, 4th ICG
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GPS Tomorrow

New Control Segment

Presented by David Buckman, PNT Command Lead, AF Space Command, 

14 Sep2009, 4th ICG
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Presented by David Buckman, PNT Command Lead, AF Space Command, 

14 Sep2009, 4th ICG

GPS Tomorrow

New Control Segment
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GPS Status Summary

Presented by David Buckman, PNT Command Lead, AF Space Command, 

14 Sep2009, 4th ICG
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GLONASS

Presented by Reshtec Co., ICG, 30July2009
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GLONASS

Presented by Reshtec Co., ICG, 30July2009
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GLONASS

Presented by Reshtec Co., ICG, 30July2009
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QZSS

Presented by Shin’ichi Hama,et. Al., ION GNSS 2009
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QZSS

Presented by Shin’ichi Hama,et. Al., ION GNSS 2009
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QZSS

Presented by Shin’ichi Hama,et. Al., ION GNSS 2009
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Compass/ Beidou

• China may complete a 12-satellite regional system by 2012

– 5 in Geostationary orbits

– 3 in Inclined Geostationary orbits

– 4 in Middle-earth orbits

• China is currently developing COMPASS to reach Full 

Operational Capacity (FOC) around 2020

– 24 MEOs

– 3 GEOs (including 2 Beidou-1 satellites)

– 3 IGSOs

• A draft Interface Control Document (ICD) may be available in 

2010

• http://www.insidegnss.com/node/1697
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The Goal of GNSS Civil

Interoperability

• Compatibility

– Do no harm

• Interoperability provides users a PNT 

solution using signals from different 

GNSS systems:

– No additional receiver cost or complexity

• – No degradation in performance

• http://pnt.gov/public/2009/09/ICG/USbriefing.pdf
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GNSS Interoperability Issues

• Coordinate System
– GPS and Galileo plan on using the same system: ITRF

– Glonass uses a slightly different system

• Time Scale
– GPS and Galileo have agreed to transmit the  

GPS/Galileo Time Offset (GGTO)

– Goal:  an objective of  three nanoseconds (one meter) 
accuracy for the GGTO message has been accepted

– Glonass uses a different time scale, though known 
relationships are kept within bounds

• Signal Compatibility
– Generally all systems can be received by the same 

system
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Failure Modes

• GPS best feature and worst problem:  it is extremely reliable

• Satellite failure modes can produce signals with large errors

– Receiver Autonomous Integrity Monitoring (RAIM) should compare 
all satellite signals and discard errors

– System design should compare GPS-based clock to local signals

• Receiver problems

– Satellites set unhealthy should not be used

– Firmware errors and wrong interpretations of specs

• Ionosphere/troposphere models

• Leap seconds

• Jamming:  intentional and unintentional
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GNSS Signals Are Vulnerable to Jamming

• Signals can be easily jammed

• Several incidents of accidental jamming

• Most telecom receivers can go into holdover 

for at least a week with few ill effects

• Wireless base-stations can be affected 

adversely
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Other GNSS Issues

• Ionosphere solar sunspot max 2013, though little 

activity lately 

• Indoor positioning

• Signal Authentication
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Conclusions

• GNSS Now
– Global GPS civil service performance commitment met/exceeded 

continuously since Dec 93

– Glonass operational, committed to replenish

– Galileo, Compass with experimental satellites

• GNSS Future
– GPS:  new signals, more accuracy, yet backward compatible, more 

integrity information

– New/other systems: Glonass, Galileo, Compass, QZSS

– Integration with indoor positioning

• GPS/GNSS failure modes:  they exist and there are precautions

• Resources are available:  see next slide
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GNSS Resources

• U.S. Coast Guard Navigation Information Center
– Voice Announcement  ++1-703-313-5907

– Resource Person  ++1-703-313-5900

– Web Page  http://www.navcen.uscg.gov/

– Civil GPS Service Interface Committee (CGSIC) – GNSS status and other 
info:  
http://www.navcen.uscg.gov/cgsic/meetings/48thMeeting/48th_CGSIC_agen
da_final.htm

• U.S. Space-Based Positioning, Navigation, and Timing Policy: 
http://pnt.gov/policy/

• International GNSS Service (IGS)
– http://igscb.jpl.nasa.gov/

• US Timing Labs
– NIST info:  http://www.boulder.nist.gov/timefreq/index.html

– U.S. Naval Observatory:  http://tycho.usno.navy.mil/gpstt.html

• GPS World: www.gpsworld.com

• Inside GNSS: www.insidegnss.com

• Institute of Navigation www.ion.org

http://www.navcen.uscg.gov/
http://www.navcen.uscg.gov/cgsic/meetings/48thMeeting/48th_CGSIC_agenda_final.htm
http://www.navcen.uscg.gov/cgsic/meetings/48thMeeting/48th_CGSIC_agenda_final.htm
http://pnt.gov/policy/
http://igscb.jpl.nasa.gov/
http://www.boulder.nist.gov/timefreq/index.html
http://tycho.usno.navy.mil/gpstt.html
http://www.gpsworld.com/
http://www.insidegnss.com/
http://www.ion.org/

