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The idea of satellite navigation appeared in theeS0 At the time when the Soviet
Union launched the first satellite, American sasstled by Richard Kershner, saw the signal
coming from the Soviet satellite, and found out thze to the Doppler effect the frequency of
the received signal increases as the satelliteoappes and decreases with its distance. The
message of the discovery is that if someone acdyr&ahows his position on the Earth, it
becomes possible to measure the position and Welofcihe satellite and vice versa, knowing
exactly what position the satellite possesses anedetermine its speed and the position of
the object on the Earth.

This idea was implemented in 20 years. In 1973tbgram DNSS was initiated, later
it was renamed Navstar-GPS and then GPS. Thetdsssatellite was launched into orbit in
July 14, 1974 and the last of the 24 satellitesiired for full coverage of the earth's surface,
was launched in 1993, thus, GPS got on board. darne possible to use GPS to target
precisely missiles to fixed and then onto the mgwbijects in the air and on the land.

Originally, GPS is a global positioning system, ahdvas developed as a purely
military project. But after the 1983 it was shotwdapafter the invading the airspace of the
Soviet Union by Korean Airlines plane with 269 gpasgers on board, the U.S. President R.
Reagan authorized the partial use of the navigagistem for civil purposes. In order to
avoid the use of it for military needs the accura@g reduced by a special algorithm

Then it was reported that some companies have lie@g the reduction algorithm
accuracy at frequency L1 and successfully compenfeatthis component of this error. In
2000, the coarsening of accuracy was abolishetidgécree of the USA President.

The system is based on the network deployed innatethation of satellites around
the earth’s orbit, they are "covering" the entiegtle's surface. The orbits of the satellites are
calculated with a very high degree of accuracyasany time it is possible to know the
coordinates of each satellite. The transmitter athesatellite continuously emits signals
toward the Earth. These signals are received by-BB8ver, located at some point on the
Earth's surface, the coordinates of which mustdterchined.

The signal propagation time from the satellitesGiAS-receiver is measured and the
distance to satellite receiver is calculated. Tlowdate this distance, the following property is
used: a radio signal travels at the speed of.lighbrder to determine the location of the
point one needs to know three coordinates (twocthatrdinates X, Y and height H), then the
receiver computes the distance to three differatdliges. Obviously, using this method of
radio navigation the precise definition of the sigpropagation time is possible to determine
only if time-scales of the satellite and the reeesynchronize.

Therefore, in the satellite and in the receiverigapent a reference clock is included,
and the accuracy of satellite time standard iseexéty high. The onboard clocks of all
satellites are synchronized and linked to the deadsystem time". The time standard of
GPS-receiver is less accurate, in order not teceas® unreasonably the cost of it.

In practice, the dimensions of time is always atakis, caused by mismatch of time
scales and a satellite receiver. For this reas@neceiver computes a distorted value range to
the satellite, or "pseudorange.”" Measuring theadss to all satellites, with which the



receiver currently operates, takes place simultasigo Consequently, for all measurements
of time inconsistency it can be considered as ataoi.

If the receiver is fixed on a moving object andyra with the pseudorange measure
the Doppler frequency shift of radio signals and Welocity of the object can be calculated.
Thus, to perform the necessary navigational calicuia the point must be provided with
continuous visibility of at least 4 satellites. éftthe full deployment of the constellation of
satellites, anywhere in the world from 5 to 12 Kiséés can be seen at any given time.

Current GPS-receivers have from 5 to 12 channkés; tan simultaneously receive
signals from 5 to 12 satellites. Reception of miti@n four satellites naturally help improve
accuracy of a position and ensure the continuityasfigation.

A GPS receiver calculates its position by precidetying the signals sent by GPS
satellites high above the Earth. Each satellitdinaally transmits messages that include:

» the time the message was transmitted;
* precise orbital information;
» the general system health and rough orbits of BIfGatellites.

The receiver uses the messages it receives tondeterthe transit time of each
message and computes the distance to each safBtigse distances along with the satellites’
locations are used to compute the position ofréoeiver. This position is then displayed
with a moving map display or latitude and longitudkevation information may be included.
Many GPS units show derived information such agadtion and speed, calculated from
position changes.

Three satellites seem to be enough to determingakéion since space has three
dimensions and a position near the Earth's sudacebe assumed. However, even a very
small clock error multiplied by the very large s@ex light results in a large positional error.
Therefore receivers use four or more satellitedettermine the receiver's location and time.
The very accurately computed time is effectivelgdan by most GPS applications, which use
only the location. A few specialized GPS applicasiouse the time; these include time
transfer, traffic signal timing, and synchronizatiof cell phone base stations.

Although four satellites are required for normakmgdion, fewer are implemented in
special cases. If one variable is already knowrecgiver can determine its position using
only three satellites. For example, a ship or aftamay have known elevation. Some GPS
receivers may use additional clues or assumptisnsh(as reusing the last known altitude,
dead reckoning, inertial navigation, or includimgormation from the vehicle computer) to
give a less accurate position when fewer than satgllites are visible.

Nowadays a lot of countries are developing thein @obal navigations systems. The
examples are:

e Galileo — a global system being developed by thejiean Union and other partner
countries, planned to be operational by 2014;

» Beidou — People's Republic of China's regionalesystcovering Asia and the West
Pacific;

» COMPASS - People's Republic of China's global sysf@anned to be operational by
2020;

*» GLONASS - Russia's global navigation system;

* IRNSS - India's regional navigation system, plant@dbe operational by 2012,
covering India and Northern Indian Ocean

* QZSS - Japanese regional system covering Asia aadra.



