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Global Navigation Satellite Systems, GNSS

• Current status and outlook for Global Navigation Satellite Services:

• Satellites

– About 50 navigation satellites are available today (31 GPS and 16

GLONASS)

– 80 satellites in 5 years

• Frequencies

– 2 frequencies are available today (One being tracked codeless with 

reduced tracking margin)

– 3 frequencies in 5-8 years time (will be available with full code tracking)

• Interoperability

– The GNSS operators are coordinated to ensure 

compatibility/interoperability  (frequencies, modulation codes, 

coordinate reference frames, timing reference)
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GPS Status

• 31 Operational Satellites 

• Global GPS availability was better 
than 99.99% in 2005

• GPS Accuracy 5-10 m 95%

• GPS IIR-14(M)

• New civilian signal on L2

• launched 25 Sep 2005
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GPS Operational Satellites 2006

GPS operational satellites
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GPS Status 6 Dec. 2006

Oldest satellite 

from 1991
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Block IIA/IIR Block IIIBlock IIR-M, IIF
• Backward compatibility

• 4th civil signal (L1C)

• Increased accuracy

• Increased anti-jam power

• Assured availability

• Navigation surety

• Controlled integrity

• Increased security

• System survivability

2013-2021

IIR-M: IIA/IIR capabilities plus

• 2nd civil signal (L2C)

• M-Code (L1M & L2M)

2005-2012

IIF: IIR-M capability plus

• 3rd civil signal (L5)

• Anti-jam flex power

2008-2015

Basic GPS

• Standard Service

– Single frequency (L1)

– Coarse acquisition (C/A) 
code navigation

• Precise Service

– Y-Code (L1Y & L2Y)

– Y-Code navigation

Increasing System Capabilities  � Increasing Defense / Civil Benefit

GPS Modernization Program

National Space-Based PNT Coordination Office, USA
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GPS Civil Signals
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Satellite Navigation Frequencies

RNSS = Radio Navigation Satellite Service

ARNS = Aeronautical Radio Navigation Service

Galileo, Status and Test User Receiver, 

Martin Hollreiser, Navitec, Estec, 8 Dec 2004

GALILEO/GPS/GLONASS FREQUENCY BANDS
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GPS Monitor Stations

USAF Site (5)

NGA Site, AII (6)

NGA Site, future-AII (5)

� In Sept 05, NGA sites (Core 6) was added to AF MS sites

� By CY06, 5 more NGA sites will be added to L-AII

USAF & NGA MONITOR STATIONS

NGA: National Geospatial-Intelligence AgencyAccuracy Improvement Initiative (AII)
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GLONASS, Russian Satellite Navigation System

• Constellation: 24 satellites, 3 orbital planes

• Orbital altitude: 19100 km, Inclination: 64.8°

• Period of revolution: 11h 15m (repeat ground track in 17 days)

• Frequency Division Multiple Access (FDMA)

GLONASS STATUS AND PLANS, Veniamin Malyshev, Moscow Aviation Institute

Presented at Nordic Satnav User Conference, 29-30 Nov 2005, www.nornav.org
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GLONASS Constellation Deployment, original plan
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PresidentPresidentPresidentPresident’’’’s Decrees Decrees Decrees Decree№№№№ 658, 29.09.93658, 29.09.93658, 29.09.93658, 29.09.93

• GLONASS deployment milestones:

– 18 satellites in constellation – 2007

– 24 satellites in constellation – 2010

GLONASS STATUS AND PLANS, Veniamin Malyshev, Moscow Aviation Institute

Presented at Nordic Satnav User Conference, 29-30 Nov 2005, www.nornav.org
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GLONASS Constellation Status

GLONASS constellation status for 21.01.07 under the analysis of the almanac 
accepted in IANC 20:00 21.01.07 (UTC)

http://www.glonass-ianc.rsa.ru/pls/htmldb/f?p=202:1:14868901511050409234
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SISRE monitoring (22.09.2006)

GPSGPS GLONASSGLONASS
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GLONASS Constellation Deployment, Updated

• GLONASS deployment milestones:

– 18 satellites in constellation – 2007

– 24 satellites in constellation – 2010

http://www.munich-satellite-navigation-summit.org/Program.htm
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GLONASS

• Three more GLONASS-M spacecraft were 

launched on Dec. 25, 2006

• On August 30, 2006, RIA Novosti news 

agency quoted Minister of Defense Sergei 

Ivanov promising a full deployment of a 24-

satellite GLONASS constellation by 2010. 

http://www.russianspaceweb.com/uragan.html

http://en.rian.ru/russia/20061226/57810801.html

• Starting on Jan. 1, 2007, all 

restrictions on the purchase 

and use of GPS receivers was 

lifted all over Russia 

http://www.upi.com/SecurityTerrorism/view.php?
StoryID=20061220-110725-1576r
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GALILEO, European Satellite Navigation System
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GALILEO
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GALILEO Services Definition

Galileo, Status and Test User Receiver, 

Martin Hollreiser, Navitec, Estec, 8 Dec 2004
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COMPASS, Chinese Satellite Navigation System  

http://www.itu.int/jive/servlet/JiveServlet/download/432-1165-287168-650/COMPASS-up.doc

• China has filed for frequencies at ITU 

(International Telecommunications Union)

• 27 Satellites MEO, 21500 km, 55 deg

• 5 Satellites in Geostationary Orbit, 35786 km

• 3 Satellites Inclined Geostationary Orbit, 

35786 km, 55 deg

• Similar frequencies as Galileo

• 10 meter accuracy

• Start launching two satellites 2008 

(Geostationary)

http://news3.xinhuanet.com/english/2006-11/02/content_5280896.htm

http://www.newscientisttech.com/article.ns?id=dn10472
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Space Based Augmentation Services, SBAS

• WAAS

– Wide Area Augmentation Service, USA. Operational 2003

• EGNOS

– European Geostationary Navigation Overlay Service, 2006-2007

• MSAS

– MTSAT (Multi functional Transport Satellites) Satellite based Augmentation 

Systems (MSAS), Japanese SBAS, operational 2008

• GAGAN

– GPS-Aided Geo Augmented Navigation, Indian SBAS, operational 2008
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GNSS Receiver Availability

• Some Commercial GPS/GLONASS receivers have been available for more 

than 10 years.

• In 2006 all major receiver manufacturers have launched a new generation 

of receivers:

– Combined receivers for two or more GNSS systems

• Some prepared for Galileo 

– Support new civilian signals (L2C, L5)

• Multiple satellite system implementations in the new generation receivers 

prompted by the revitalization of GLONASS

• This added availability of receivers very important for acceptance of use of 

combined systems.



www.fugro.com

Receiver Manufacturers and GLONASS Capability 

Topcon and Thales have had GLONASS Capability many years.

Topcon announces new receiver, also Galileo compatible.

http://www.topconpositioning.com/news/PPR/pr_NetG3.html
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Receiver Manufacturers and GLONASS Capability 

http://www.trimble.com/news/020706a.shtm

http://www.novatel.com/about_us/news/20060206.htm

Novatel and 

Trimble add 

GLONASS 

capability for the 

first time 

(Announced within 

one day of each 

other)
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Improved Performance

• Independence

– When more systems become fully operational, they can be 

used as independent systems in safety critical applications

• Availability

– Combined systems will improve availability of satellite 

navigation in situations where parts of the sky are obscured.

• Reliability

– Increased redundancy of data (additional lines of position) will

help to identify bad measurements

– More resistant towards interference with more frequencies.

• Accuracy

– Improved accuracy with more frequencies (ionospheric delay 

compensation) and satellites (improved geometry)

– Improved convergence time in regional phase based decimeter 

level systems
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Probability that GDOP<5 for mask angle of 25° (a case for urban canyon)

GPS onlyGPS only

GPS+GLONASS (9 GPS+GLONASS (9 satssats))

GPS+GLONASS (12 GPS+GLONASS (12 satssats))

GPS+GLONASS (18 GPS+GLONASS (18 satssats))

0.150.15 0.50.50.50.50.30.300 0.60.6 0.70.7 0.80.8 0.920.92 0.950.95 0.990.99 11

Improved Availability, GPS plus GLONASS

GLONASS System: Present Day and Prospective Status and Performance,

Sergey V. Averin, ENC-2006, Manchester
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Grane Incident 6 May 2005

• Supply Vessel “Island Ranger” collided with 
Grane Platform during loading 

– Minor damage to Supply Vessel

• From the investigation:

– The problems with the DGPS’s were caused 
by the position of the vessel close to the 
platform causing shielding of GPS satellites.

– The vessel should not have operated on DP 
due to lack of positioning system redundancy

• Problems would have been mitigated with 
additional satellites providing safer operations.

• This is just one example one of many similar 
incidents.

http://www.hydro.com/en/press_room/news/archive/2005_05/grane_en.html

Grane
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Solar Cycle 24

– DP operations in equatorial regions where heavily affected during the 

previous solar cycle 

– Petrobras specified use of GPS+GLONASS for certain operations in Brazil

http://www.nasa.gov/vision/universe/solarsystem/solar_cycle_graphics.html

Solar Cycle 24:

Start: early 2007

Maximum:  2011

Ionospheric scintillations (tend 

to affect a part of the sky):

– Receiver looses lock

– Mitigated by additional satellites

Unpredictable ionospheric

electron content:

– Delay in ranging measurement

– Mitigated by additional 

frequencies
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Conclusions

• GPS

– 31 Operational satellites

– Block IIR with L2C, M-Code: 2005-2012

– Block IIF with L5: 2008-2015

• GLONASS

– 16 Operational satellites 

– 24 planned by 2009

• Galileo

– Initial Orbit Validation (IOV) 2008-2009

– Fully operational end 2011

• Improvements in Performance

– Independence, Availability, Reliability, Accuracy

• Implications for DP

– Independent Reference Systems, Availability in shaded 

areas, Improved performance during next solar cycle


