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Global Navigation Satellite System

From Wikipedia, the free encyclopedia

Global Navigation Satellite System (GNSS) is the standard generic termdatellite navigation systems that provide autonomous
geo-spatial positioning with global coverage. A G\&lows small electronic receivers to determirgrtiocation (longitude, latitude, and
altitude) to within a few metres using time signasmitted along a line of sight by radio frontedlides. Receivers on the ground with a
fixed position can also be used to calculate tleeipe time as a reference for scientific experiment

As of 2007, the United States NAVSTAR Global Posithg System (GPS) is the only fully operational &N\ The Russian GLONASS is
a GNSS in the process of being restored to fultaian. The European Union's Galileo positioningtesn is a next generation GNSS in
the initial deployment phase, scheduled to be djpera in 2010. China has indicated it may expasadegional Beidou navigation system
into a global system. India's IRNSS, a next geimrdNSS is in developmental phase and is schedalbd operational around 2012.
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GNSS classification

GNSS that provide enhanced accuracy and integiotyitoring usable for civil navigation are clasgifias followsH!

» GNSS-1is the first generation system and is the comhmnaif existing satellite navigation systems (GIR8 &LONASS), with
Satellite Based Augmentation Systems (SBAS) or GddBased Augmentation Systems (GBAS). In the Uriitdes, the satellite
based component is the Wide Area Augmentation 8y&f&AAS), in Europe it is the European Geostatigridavigation Overlay
Service (EGNOS), and in Japan it is the Multi-Floral Satellite Augmentation System (MSAS). Grolmaged augmentation is
provided by systems like the Local Area Augmentaystem (LAAS).

= GNSS-2 is the second generation of systems that indepeigderovides a full civilian satellite navigati@ystem, exemplified by the
European Galileo positioning system. These systeithprovide the accuracy and integrity monitoringcessary for civil navigation.
This system consists of L1 and L2 frequencies ffidgt gse and L5 for system integrity. Developmentlso in progress to provide
GPS with civil use L2 and L5 frequencies, making 6NSS-2 system.!

A GNSS may have several layers of infrastructure:

= Core Satellite navigation systems, currently GP&il€& and GLONASS.

Global Satellite Based Augmnetation Systems (SBASh as Omnistar and Stafire.

Regional SBAS including WAAS(US) , EGNOS (EU), MSATapan) and GAGAN (India).

Regional Satellite Navigation Systems such a QZa8gn), IRNSS (India) and Beidou (China).

Continental scale Ground Based Augmentaion Sys(&B#S) for example the Australian GRAS and the Uspartment of
Transportation National Differential GPS (DGPS)vizs.
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= Regional scale GBAS such as CORS networks.
= Local GBAS typified by a single GPS reference statiperating Real Time Kinematic (RTK) corrections.

History and theory

Early predecessors were the ground based DECCAAND&d Omega systems, which used terrestrial lorgwadio transmitters instead
of satellites. These systems broadcast a radie fwdsn a known "master" location, followed by refebpulses from a number of "slave”
stations. The delay between the reception and sgmdithe signal at the slaves was carefully cdletlpallowing the receivers to compare
the delay between reception and the delay betwerdirsg. From this the distance to each of the slavald be determined, providing a
fix.

The first satellite navigation system was Trarsystem deployed by the US military in the 19@0ansit's operation was based on the
Doppler effect: the satellites traveled on well4kmopaths and broadcast their signals on a well knfvaquency. The received frequency
will differ slightly from the broadcast frequencgdause of the movement of the satellite with retsjpethe receiver. By monitoring this
frequency shift over a short time interval, theeiiger can determine its location to one side ormther of the satellite, and several such
measurements combined with a precise knowledgeec$atellite's orbit can fix a particular position.

Part of an orbiting satellite's broadcast includsgrecise orbital data. In order to ensure aagyrdhe US Naval Observatory (USNO)
continuously observed precisely the orbits of trezgellites. As a satellite's orbit deviated, tHf&N®O would send the updated information
to the satellite. Subsequent broadcasts from aataddatellite would contain the most recent adetuirdormation about its orbit.

Modern systems are more direct. The satellite lrasts a signal that contains the position of thellte and the precise time the signal
was transmitted. The position of the satelliteasm$mitted in a data message that is superimpasadcode that serves as a timing
reference. The satellite uses an atomic clock tiotaia synchronization of all the satellites in t@nstellation. The receiver compares the
time of broadcast encoded in the transmission thithtime of reception measured by an internal gldokreby measuring the time-of-flight
to the satellite. Several such measurements camalde at the same time to different satelliteswatig a continual fix to be generated in
real time.

Each distance measurement, regardless of the shetiewp used, places the receiver on a sphericllattbe measured distance from the
broadcaster. By taking several such measuremedtthan looking for a point where they meet, a $igénerated. However, in the case of
fast-moving receivers, the position of the signales as signals are received from several satelliteaddition, the radio signals slow
slightly as they pass through the ionosphere, hisdstowing varies with the receiver's angle toghtellite, because that changes the
distance through the ionosphere. The basic compnttitus attempts to find the shortest directee tamgent to four oblate spherical shells
centered on four satellites. Satellite navigateceivers reduce errors by using combinations ofed$gfrom multiple satellites and multiple
correlators, and then using techniques such asaafittering to combine the noisy, partial, and samtly changing data into a single
estimate for position, time, and velocity.

Civil and military uses

The original motivation for satellite navigation sveor military applications. Satellite navigatiolioavs for hitherto impossible precision in
the delivery of weapons to targets, greatly indreatheir lethality whilst reducing inadvertent catties from mis-directed weapons. (See
smart bomb). Satellite navigation also allows ferzebe directed and to locate themselves moréy/egsiucing the fog of war.

In these ways, satellite navigation can be regaadeal force multiplier. In particular, the abilityreduce
unintended casualties has particular advantagesdi® being fought by democracies, where public
relations is an important aspect of warfare. Fes¢hreasons, a satellite navigation system issamgal
asset for any aspiring military power.

GNSS systems have a wide variety of uses:

= Navigation, ranging from personal hand-held devioesrekking, to devices fitted to cars, trucks
ships and aircraft Satellite navigation using a
Time transfer and synchronization laptop and a GPS receiver
Location-based services such as enhanced 911

Surveying

Entering data into a geographic information system

Search and rescue

Geophysical Sciences

Tracking devices used in wildlife management

Note that the ability to supply satellite navigatigignals is also the ability to deny their avallah The operator of a satellite navigat
system potentially has the ability to degrade onielate satellite navigation services over anyitigny it desires. Thus, as satellite
navigation becomes an essential service, countitesut their own satellite navigation systems efifeely become client states of those
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which supply these services.

The same applies to the use of smart bombs: thatgp®f a satellite navigation system can effedyidegrade the performance of smart
bombs being used by other states using its satebivigation system to that of gravity bombs, @resffset them from their targets in such
a way as to render them useless.

Current global navigation systems

GPS

The United States' Global Positioning System (GR8)¢h as of 2007 is the only fully functional, fjubvailable global navigation satellite
system. It consists of up to 32 medium Earth @aiellites in six different orbital planes, wittetexact number of satellites varying as
older satellites are retired and replaced. Operatisince 1978 and globally available since 1998S@ currently the world's most utilized
satellite navigation system.

GLONASS

The formerly Soviet, and now Russian, global navigesystem is called GLONASS. It was a fully fupaogl navigation constellation but
since the collapse of the Soviet Union has faltea disrepair, leading to moving gaps in coveragg @nly partial availability. It is

expected to return to full global availablity byl@0with the help of India, who is participatingtive restoration proje&][e’]

Proposed global navigation systems

Compass
For more details on this topic, see Beidou navigation system.

China has indicated they intend to expand theiioregd navigation system, call&kidou or Big Dipper, into a global navigation system; a
program that has been call€dmpassin China's official news agency Xinhua. The Conspaystem is proposed to utilize 30 medium Earth
orbit satellites and five geostationary satellitdaving announced they are willing to cooperaténwiher countries in Compass's creation,
it is unclear how this proposed program impacts@kicommitment to the internatiorizélileo position system.

DORIS

Doppler Orbitography and Radio-positioning Integoaby Satellite (DORIS) is a French precision Syéfd
Galileo

The European Union and European Space Agency agrebtarch 2002 to introduce their own alternativésPS, called the Galileo

positioning system. At a cost of about GBP£2.4ctn'l[5] the required satellites will be launched betwe@®62and 2008 and the system
will be working, under civilian control, from 201The first experimental satellite was launched 82cember 2005. Galileo is expected
to be compatible with the modernized GPS systervitibbe operational by after 2012. The receiveils be able to combine the signals
from both Galileo and GPS satellites to greatly@ase the accuracy.

IRNSS

The Indian Regional Navigational Satellite SystéRNSS) is a proposed autonomous regional satelitégation system to be constructed
and controlled by the Indian government. It istimted to provide an absolute position accuracy tiEbéhan 20 meters throughout India
and within a region extending approximately 1,50@,000 km around it. A goal of complete Indiantcohhas been stated, with the space
segment, ground segment and user receivers afj beiit in India. The government approved the prbje May 2006, with the intention it
be implemented within six to seven years.

GNSS Augmentation

GNSS Augmentation involves using external informtioften integrated into the calculation procésanprove the accuracy, availability,
or reliability of the satellite navigation signdhere are many such systems in place and theyeaerajly named or described based on
how the GNSS sensor receives the information. Systems transmit additional information about sesraf error (such as clock drift,
ephemeris, or ionospheric delay), others providectimeasurements of how much the signal was dfferpast, while a third group
provide additional navigational or vehicle informoatto be integrated in the calculation process.
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Examples of augmentation systems include the Widsa Augmentation System, the European Geostatidwavigation Overlay Service,
the Multi-functional Satellite Augmentation SysteDifferential GPS, and Inertial Navigation Systems.

Topicsto be covered

= Differential satellite navigation
= GNSS reflectometry
= Phase-counting differential satellite navigation

Seealso

Differential GPS

Global Positioning System

Galileo positioning system

GLONASS

Wide Area Augmentation System

European Geostationary Navigation Overlay Service
GNSS reflectometry

GPS and Geo Augmented Navigation

External links
Infor mation on specific GNSS systems

= ESA information on EGNOS (http://www.esa.int/esaB&G63950NDC_egnos_0.html)

= Information on the Beidou system (http://www.as#otix.com/craft/beidou.htm)

= German Federal Waterways Administration Traffic Arrmogies Centre (http://www.wsv.de/fvt/funknavitiinavi.html) Information
on GPS / DGPS

Organizationsrelated to GNSS:

= United Nations International Committee on Global/igation Satellite Systems (ICG)
(http://www.unoosa.org/oosa/en/SAP/gnss/icg.html)

Korean GNSS Technology Council (GTC) (http://gns&rée-html/introduction/intro_01.html)

Institute of Navigation (ION) GNSS Meetings (htfpsw.ion.org/meetings/#gnss)

The International GNSS Service (IGS), formerly bhiernational GPS Service (http://igschb.jpl.nasa/go
International Global Navigation Satellite Systenogisty Inc (IGNSS) (http://www.ignss.org/)
International Earth Rotation and Reference Systeemsice (IERS) International GNSS Service (IGS)
(http://www.iers.org/MainDisp.csl?pid=84-63)

= UNAVCO GNSS Modernization (http://facility.unavcogéscience_tech/gnss_modernization.html)

= Asia-Pacific Economic Cooperation (APEC) GNSS Immpdatation Team (http://www.apecgit.org/)

= Fédération Aéronautique Internationale (FAI) GN3igHt Recorder Approval Committee (GFAC) (http://wwai.org/gliding/gnss/)
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