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To maneuver the satellites to maintain orbit and station, see the orbita 1 station. The use of satellite signals for geo-spatial positioning has been suggested that the satellite navigation device is fused in this article. (Discussion) proposed by July of 2021. The global positioning system of the U.S. Space Force was the first global navigation satellite system
and was the first to be provided as a free global service. Space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space space
space space space space space space space space space space space space space space Space spacecraft Space spacecraft Space Launch Spaceport PAD PAD PAD POSTENDABLE AND USEFUL VELOCITY Non-Rocket Spaceunch Space flight Sub-orbital Types Interplanetary Intergalactic Space Agencies Further information: List of governments
Agencies Space Forces Plassf Aae Nehsa VKS USSF Space Commands COME NORAD CDE DSA Cos SOS NATO SC CONIDA KV Add UKSC USSPACECOM Spaceflight Axiom Space ARCASPACE ASTRA BIGELOW AEROSPACE Blue Origin Copenhagen Suborbitbits Northrop Grumman Perigee Aerospace Rocket Lab Sierra Nevada Corporation Spacex
Virgin Galactic XC O Aerospace is Space Flight Portal A satellite navigation or System SATINAV is a system that uses satellites to provide autonomous geo-spatial positioning. It allows small electronic receivers to determine their position (longitude, latitude and altitude / elevation) with high precision (within a few centimetres per metre) using time
signals transmitted along a line of view from the radio by satellites. The system can be used to provide navigation or to monitor the position of something equipped with a receiver (satellite tracking). The signals also allow the Receiver to calculate the current local time with high precision, which allows time synchronization. These uses are known
collectively as positioning, navigation and timing (PNT). SANAV systems work independently of any telephone or Internet reception, although these technologies can enhance the usefulness of the positioning information generated. A satellite navigation system with global coverage can be defined as a global navigation satellite system (GNSS). As of
September 2020 [Update], the United States Global Positioning System (GPS), Russia’s Global Navigation Satellite System (GLONASS), China’s BEIDOU Navigation Satellite System (BDS) [1] and the European Union’s Galileo [2] are fully operational GNSSS. Japan’s Quasi-Zenith Satellite System (QZSS) is a satellite augmentation system with GPS
(US) satellite to improve the accuracy of GPS, with satellite navigation independently of GPS scheduled for 2023. [3] The Indian Regional Navigation Satellite System (IRNSS) plans to expand a global version in the long term. [4] The global coverage for each system is generally reached by a satellite constellation of 18 & = 30 Media Earth Orbit (Meo)
satellites develops between different orbital planes. Actual systems vary, but use orbital inclinations of > 50A° and orbital periods of about twelve hours (at an altitude of about 20,000 kilometers or 12,000 miles). CLASSIFICATION FURTHER INFORMATION: GNSS Augmentation GNSS systems providing higher accuracy and integrity monitoring for
civil navigation are classified as follows: [5] GNSS-1 is the first generation system and is a combination of existing satellite navigation systems (GPS and Glonass), with Satellite-based augmentation systems (SBAS) or ground-based augmentation systems [5] In the United States, the satellite component based on satellite is the large system of
Augmentation (WAAS), in Europe is the European Geostationary Navigation Overlay Service (EGNOS), and in Japan is the increase of multifunctional satellite multifunctional multifunctional (MSAS). Ground-based augmentation is provided by systems such as the local area augmentation system (Laas). [5] GNSS-2 is the second generation of systems
that independently provide a complete civil satellite navigation system, exemplified by the European positioning system Galileo. [5] These systems will provide the accuracy and integrity monitoring required for civil navigation; including aircraft. Initially, this system consisted only of frequency sets in the upper band L1 (L1 for GPS, E1 for Galileo, G1
for GLONASS). In recent years, GNSS systems have started to activate lower L-band frequency sets (L2 and L5 for GPS, E5A and E5B for Galileo, G3 for GLONASS) for civil use; They have greater aggregate accuracy and fewer problems with signal reflection. [6] [7] As of the end of 2018, some GNSS devices of the consumption grade are sold that
leverage are typically referred to as “Dual Band GNSS” or “Dual Band GPS” devices. For their roles in the navigation system, the systems can be classified as: Core satellite navigation systems, currently GPS (United States), Glonass (Russian Federation), Beidou (China) and Galileo (European Union). Global Satellite Based Augmentation Systems
(SBAS) such as Omnistar and Starfire. Regional SBAS including WAAS (US), EGNOS (EU), MSAS (Japan), Gagan (India), SDCM (Russia). Regional satellite navigation systems such as India Navic and Japan QZSS. Continental-scale land-based augmentation systems (GBA) e.g. the Australian Gras and the U.S. City Guard, Canadian Coast Guard, U.S.
Corps of Engineers and the Department of NATIONAL DEPARTMENTS (DGPS). GBAS on a regional scale like the Cors networks. Local GBAS talified by a single GPS reference station that works kinematic corrections (RTK) in real time. How Global GNSS systems (and increase systems) use similar frequencies and signals around L1, many "multi-
GNSS" receivers have been produced that can use more systems. While some systems strive with GPS in the best possible way by providing the same watch, others do not. [8] History and theory Radio navigation from the ground has decades. The DECCA, LORAN, GEE and Omega systems used long-wave terrestrial transmitters transmitting a radio
pulse from a locality known as "master", followed by a repeated pulse from a number of slave stations. The delay between the reception of the master signal and the slave signals allowed the receiver to deduce the distance from each of the slaves by providing a correction. The first satellite navigation system was Transit, a system used by the US Army
in the 1960s. The operation of the Transit was based on the Doppler effect: the satellites travelled on well-known routes and transmitted their signals on a well-known radio frequency. The frequency received will differ slightly from the transmission frequency due to the movement of the satellite compared to the receiver. By monitoring this frequency
shift over a short period of time, the receiver can determine its position on one side or on the other of the satellite and different measures of this type, combined with a precise knowledge of the satellite's orbit, can determine a particular position. Satellite orbital positioning errors are caused by radio wave refraction, gravitational field changes
(because © the earth's gravitational field is not uniform) and from other phenomena. A team, led by Harold L Jury of the Pan Am Aerospace Division in Florida from 1970 to 1973, found solutions and/or corrections for many sources of error. Using real-time data and recurrent estimates, systematic errors and residues have been reduced to sufficient
accuracy for navigation[9]. Part of the transmission of an orbiting satellite includes its precise orbital data. Originally, the USO (US Naval Observatory) continuously observed the precise orbits of these As the orbit of a satellite deviated, the USNO sent updated information to the satellite. Subsequent transmissions from an updated satellite should
contain its most recent effeminates. recent. The systems are more direct. The satellite transmits a signal that contains orbital data (from which the position of the satellite can be calculated) and the exact moment the signal was transmitted. The orbital data includes an approximate almanac for all satellites to help them find them, and a precise
effemerese for this satellite. The orbital effemeters are transmitted in a data message superimposed by a code that serves as a temporal reference. The satellite uses an atomic clock to maintain the synchronization of all satellites in the constellation. The receiver compares the transmission time encoded in the transmission of three (sea level) or four
(which also allows a calculation of altitude) different satellites, measuring the flight time of each satellite. More of these measurements can be performed simultaneously on different satellites, allowing a continuous correction in real time using an adapted version of the trilateration: see GNSS positioning calculation for details. Each measurement of
the distance, regardless of the system used, places the receiver on a sphere shell at the distance measured by the emitter. By taking different measures of this kind and then looking for a point where they meet, a correction is generated. However, in the case of fast-moving receivers, the position of the signal moves when the signals are received by
different satellites. In addition, radio signals slow down slightly as they cross the ionosphere, and this slowdown varies depending on the receiver angle compared to the satellite, because © This changes the distance through the ionosphere. The basic calculation therefore tries to find the shortest direct line tangent to four oblated spherical shells
centered on four satellites. Satellite navigation receivers reduce errors using combinations of signals from more satellites and more and using techniques such as KALMAN filtration to combine noisy, partial and continuous change in a single position estimate, position, and speed. Applications Car Navigation System Main article: GNSS Applications
Further information: Car Navigation System The original motivation of satellite navigation was for military applications. Satellite navigation allows accurate delivery of weapons to targets, significantly increasing their lethality and reducing accidental losses due to diverted weapons. (See Guided Bomb). Satellite navigation also allows you to direct
your forces and locate more easily, reducing the fog of war. Currently, a global satellite navigation system, such as Galileo, is used to determine the position of users and that of other people or objects at any time. The scope of satellite navigation in the future is enormous and includes both the public and private sectors in numerous market segments,
such as science, transport, agriculture, etc. [10] The ability to provide satellite navigation signals also means the ability to deny its availability. The operator of a satellite navigation system has the potential to degrade or eliminate satellite navigation services on any territory it wishes. Global navigation satellite systems In order of the first year of
launch: orbital comparison of the constellations GPS, GLONASS, Galileo, BeiDou-2 and Iridium, the International Space Station, the Hubble Space Telescope and the geostationary orbit (and its cemetery orbit), With Van Allen's radiation bands and the Earth on a scale. [a] Nine times the size of the geostationary orbit. [b] (In the SVG file, go over an
orbit or its label to highlight it; click to load your article.) GNSS satellites launched from 1978 to 2014 GPS Main article: Global Positioning System First year of launch: 1978 The Global Positioning System (GPS) of the United States up to 32 medium-Earth orbit satellites on six different orbital planes. The exact number of satellites varies as older
satellites are retired and replaced. Operating from And available worldwide since 1994, GPS is the most used satellite navigation system. GLONASS Main article: GLONASS First year of launch: 1982 The Globala € ™ Naue NavySonnaya Sputnikovaya System (Global Navigation Satellite System or Glonass) is a satellite navigation space that provides a
civil satellite radionavigation service and is also used by the Russian aerospace defense. The force. Glonass has complete global coverage since 1995 and has 24 satellites. Beidou Main Article: Beidou Navigation Satellite System First Year of Launch: 2000 Beidou was born as Beidou-1, now disused, a local Asia-Pacific network on geostationary orbits.
The second generation of the Beidou-2 system has become operational in China in December 2011. [11] The Beidou-3 system consists of 30 MEO satellites and 5 geostationary satellites (IgSO). A regional version of 16 satellites (which covers the Asia and Pacific area) has been completed by December 2012. The global service was completed by
December 2018. [12] On June 23, 2020, the deployment of the BDS-3 constellation is completed after the launch of the last satellite at the Xichang satellite launch center [13]. Galileo main article: Galileo (satellite navigation) First year of launch: 2011 In March 2002 the European Union and the European Space Agency have decided to introduce its
own alternative to GPS, called Galileo positioning system. Galileo has become operational on December 15th 2016 (Global Early Operational Capability, EOC). [14] With an estimated cost of 10 billion euros, [15] [16] the 30 Meo satellite system had to be operational in 2010. The initial year to become operational was the 2014. [17] The first
experimental satellite was launched on December 28th 2005. [18] Galileo should be compatible with the Modernized GPS system. Receivers will be able to combine signals from satellites and GPS to significantly increase accuracy. The full full The constellation will consist of 24 active satellites,[19] which is expected by 2021 and at a substantially
higher cost.[20][2] The main modulation used in the Galileo Open Service signal is the Composite Binary Offset Carrier (CBOC) modulation. NavIC Regional Navigation Satellite Systems Main article: NavIC The NavIC or NAVigation with Indian Constellation is an autonomous regional navigation satellite system developed by the Indian Space
Research Organisation (ISRO). The government approved the project in May 2006 and consists of a constellation of 7 navigation satellites.[21] 3 of the satellites are positioned in the geostationary orbit (GEO) and the remaining 4 in the geosynchronous orbit (GSO) to have a larger footprint and fewer satellites for mapping. of the region. It is intended
to provide an absolute positional accuracy in all weather conditions greater than 7.6 metres throughout India and within a region extending approximately 1,500 km around it.[22] An extended service area is located between the primary service area and a rectangular area enclosed by the 30th parallel. south to the 50° north parallel and from the 30°
east meridian to the 130° east meridian, 1,500A”6000 km beyond the borders[23]. The objective of full Indian control has been established, with the space segment, the terrestrial segment and the user receivers built in India.[24] The constellation was in orbit since 2018, and the system was available for public use in early 2018.[25] NavIC offers two
levels of service, the “standard positioning service”, which will be It is open for civilian use, and a “private service” (an encrypted service) for authorized users (including military). There are plans to expand the NavIC system by increasing the size of the constellations from 7 to 11.[26] QZSS Main article: Quasi-Zenith Satellite System The Quasi-
Zenith Satellite System (QZSS) is a satellite system for the transfer of space and space. and the upgrading of GPS covering Japan and the Asia-Oceania regions. QZSS services were available on a trial basis from 12, 2018 and were launched in November 2018. The first satellite was launched in September 2010. [27] An independent satellite navigation
system (from GPS) with seven satellites is provided for the 2023. [28] Comparison of systems BeiDou Galileo GLONASS GPS NavIC QZSS Owner China European Union Russia USA India Japan Global Global Global Regional Coding CDMA CDMA FDMA CDMA FDMA CDMA CDMA Altitude 21150km (1314140mi) 23222km (14429mi) 19130km
(11890mi) 20180km (1200000m m) 36thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand
thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand
thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand
thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand
thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand
thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand thousand(h) 58min) 23,93h (23rd h 56min) 23,93h (23h h 56min) Day Rev./S. 17/9 (1.888...) 17/10 (1.7) 17/8 (2 [31]30,[32]24 from project 3 GEO, 5 GSO MEO 4 operational (3
GSO, 1 GEO) 7 in the future frequency 1.561098GHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHGHB 1.558989777774222GHGHGHGHGHGHGHGHGHzZ
(EE1.16164444444442121212121212121555554444444444444444444444444444GHz (E5a/b) 1.260d1.300dGHz (E6) 1.593d1.610dGHz (G1) 1.25411111111111111111111122G
G.2.189111111111111111212121122122222222222222222222222222222222222222222221222212222222222221222222221922 2222212222222 2222 2112221222122 211111111111111111111111111111111111111111111C,L.1S) 1.22 760th GHz (L2C) 1.17 645th GHz (L5,L5S) 1.27 875th GHz (L6) [33] Operating State[34] Operational completion from 20
162 020[30] Operational operational operational precision operational operational operational operational operational operational 3,6m (public) 0,1 (Ciptato) 1m (Public) 0.01m (Criptato) 2m A 4m O.3m A 5m (without DGPS or WAAS) 1m (Public) 0.1m (Public) 0.1m (Criptato) BeiDou Galileo system GPS Navic QZZss Fonts: [7] US GNSS GNSS GNSS
User positioning increases the number of visible satellites, improves the precise point positioning (PPP) and reduces the average time of convergence. [35] The Signal-In-Space (Sisre) range error in November 2019 was 1.6 cm for Galileo, 2.3 cm for GPS, 5.2 cm for GLONASS and 5.5 cm for BEIDOU when using real-time corrections for satellite orbits
and clocks. [36] GNSS augmentation GNSS is a method to improve the attributes of a navigation system, such as accuracy, reliability and availability, by integrating external information into the calculation process, e.g. the Wide Area Augmentation System, the European Geostationary Navigation Overlay Service, the GNSS Augmentation System
Service, the GNSS Augmentation System Service Multi-functional satellite, differential GPS, Enhanced Geo Navigation GEO (GAGAN) and inertial navigation systems. Related techniques More information: Satellite Geodesy A'§ Radio techniques Doris Main article: Doris (Geodesy) Doppler Orbitography and Integrated Radio Positioning by Satellite
(Doris) is a French precision navigation system. Unlike other GNSS systems, it relies on static emission stations around the world, the receivers are on satellites, in order to accurately determine their orbital position. The system can also be used for ground-based mobile receivers with more limited use and coverage. Used with traditional GNSS
systems, it pushes position accuracy to centimetre accuracy (and millimetre accuracy for altimetric application and also allows monitoring of minimal seasonal changes in earth rotation and deformation), in order to build a much more accurate geodetic reference system. [37] Leo satellites The two current networks of low-earth orbit (Leo) mobile
phones are able to track the units of the with precision of a few kilometres using the Doppler conversion calculations from the satellite. The coordinates are sent to the transmitter unit where they can be read using the commands or a graphical user interface. [38] [39] This one. also be used by the gateway to impose restrictions on geographically
linked call plans. See also the Spaceflight Acronyms and abbreviations in avionics GNSS Geoinformatics Calculation of the positioning GNSS GPS reflectometer spoofing GPS-assisted geo-enhanced list of emerging technologies Pseudolite Advisory Integrity Monitoring software GNSS GPS/INS integrated space receiver (SIGI) United Kingdom Global
Navigation Satellite System UNSW School of Surveying and Geospace Engineering Notes 194; GM, where R, of orbit in metres; T, orbital period in seconds; V, orbital velocity in m/s; G, gravitational constant, approximately 6.673al0aEast Nm2/kg2; M, mass of the Earth, about 5.98a 1024a 160; kg ™ Time approximately 8.6 (in radius and length)
when the moon is nearer (3631044km; 195; 183; 42164km) to 9.6 times when the moon is farther (40566 160km; 19553; 42164km; 160km;160km;160km;160km); References ~China's GPS rival Beidou is now fully operational after the final satellite launch. None. com Recovery 2020-06-26. b "Galileo initial services". gsa! Europe. Me! Recovery
25September 2020. Kriening, Torsten (23rd January 2019). "Japan is preparing for the GPS failure with the Near Zenith satellites." SpaceWatch! Global. August 10th 2019. Global Indian Navigation System on card. Hindu Business Line. 2010-05-14. Recovery 2019-10-13. b ¢ d "Guide of a beginner to GNSS in Europe" (PDF). Institution. Archived from
the original (PDF) on 27th June 2017. Recovery 20May 2015. "Galileo General Introduction Navipedia". Shh. Ace. int. Recovered 2018-11-17. to "GNSS Signal Navipedia". Shh. Ace. int. Recovered 2018-11-17. Nicolini, Luca? Corporal Alessandro (January 9th 2018). "Survey on reference frames and time systems in Multi-GNSS". Remote sensation.
10(2): 80. two0:10.3390/rs10080. Jury. 1973, application of the Kalman filter to real-time navigation Acts of the 10th International Symposium on Space Technology and Science, Tokyo, 945-952. Applications. www.gsa Europe. Me. 2011-08-18. URL consulted on 08.10. "China's GPS rival is on. BBC News. 2012-03-08. URL consulted by 2020-06-23. 'The
preliminary system BDS-3 has been completed to provide global services'. News. dwnews. com URL consulted by 2018-12-27. 'Applications-Transport'. One. Kissed. n.e.c. URL consulted by 2020-06-23. 'Galileo goes live!' Europe. Me. 14December 2016. Re-launch the Galileo satellite navigation system. BBC News, 25th August 2006. URL consulted on
10.06. 2008.Galileo Satellite System,10 Feb 2020.The Commission awards important contracts to make Galileo operational at the beginning of 2014. 2010-01-07. URL consulted on 19.04. "Youth launch news". 2005-12-28. URL consulted on 1601. Galileo begins to serve the globe. INTERNATIONAL TRANSPORT SERVICES (in German). 23rd
December 2016. 'The launch of the Soyuz by Kourou postponed to 2021, others to proceed. Space Daily. 19-May 2020. India develops its own version of GPS. Rediff. com URL consulted in 2011-12-30. S. Anandan (2010-04-10). Launch of the first satellite for the Indian regional satellite navigation system next year. Beta. Beta. theHindu. com URL
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External links Information on specific GNSS systems ESA information on EGNOS Information on the Beidou system Global satellite navigation system Fundamentals Connected organizations to the GNSS International Committee of Global Satellite Navigation Systems (ICG) Institute of Navigation (ION) Meetings GNSS International Service GNSS
(IGS) International Global Navigation Satellite Systems Society Inc (IGNSS) International Service Reference and Reference Systems (ISERS) International GNSS Service (IGS) United States National Committee for Space-Based Positioning, Navigation, and Timing US National Geodetic Survey Orbitas for the Global Positioning System Satellites in the
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