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GLOBAL POSITIONING SYSTEM


GLOBAL POSITIONING SYSTEM

                                                         A review as a communication systems application

ABSTRACT: -

The last decade saw the emergence of yet another satellite-based navigational system called the GLOBAL POSITIONING SYSTEM, which is today capable of providing accuracy levels of less than a centimeter. The GLOBAL POSITIONING SYSTEM is a radio-based navigation system that gives 3-D coverage of the earth 24 hours a day in all weather conditions. Using a commercial GLOBAL POSITIONING SYSTEM locator, the user can determine his position on the earth .Out of 24 NAVSTAR satellites 21 are operational satellites and the other three are standby satellites. The control segment comprises five monitoring stations that are capable of transmitting data to the satellite. The user segment consists of receivers, which could be handheld or installed on aircrafts, ships, tanks, submarines, etc. Receivers detect, decode and process GLOBAL POSITIONING SYSTEM satellite signals and convert them into position, velocity and time estimates. 

INTRODUCTION: -

GLOBAL POSITIONING SYSTEM :-
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           It is new generation of universal navigational aid based on satellite. In GLOBAL POSITIONING SYSTEM, radio signals from number of orbiting satellites are received by an aircraft or ships, as the case may be the GLOBAL POSITIONING SYSTEM is most cost effective and versatile universal navigational aid for the coming years.

GLOBAL POSITIONING SYSTEM:-

           It is a second generation satellite navigational based on the measurement of the times of arrival of time signal received from three or more orbiting satellite, whose positional co-ordinates in the space are also transmitted. There are now 21 GLOBAL POSITIONING SYSTEM satellites including three spares, in 12 hours circular orbits inclined at an angle of 55 0 to the altitude of 20,200 Km. This altitude is about half way lower then geostationary satellite. This will ensure that, at least 4 satellites will be visible at a time from any location round the world for position determination from the aircraft and the ship. Signals from up to 10 number of GLOBAL POSITIONING SYSTEM satellite may be received in a GLOBAL POSITIONING SYSTEM receiver and typically up to 7 satellites are involved at a time for position determination of GLOBAL POSITIONING SYSTEM station. The timing pulses are sent out by each satellite in the L band using spread spectrum modulation and received by the GLOBAL POSITIONING SYSTEM receiver in aircraft or ships, as the case may be processed by match filter which is required to be increased the precision of arrival time measurement of the pulse. The onboard GLOBAL POSITIONING SYSTEM receivers are however much simpler then required for Doppler Navigations and they are excepted to determine the position of an aircraft or ships with precision of 16 meter as better in 3-dimension. It is planned by International Civil Aviation Organization (ICAO), to install GLOBAL POSITIONING SYSTEM round the world and eventually renders the conventional navigational aid for airport and ships.
· PRINCIPLE OF OPERATION OF GLOBAL POSITIONING SYSTEM NAVIGATION.:

            GLOBAL POSITIONING SYSTEM for navigations use to determine the positional coordinator of user weaker which may be aircraft or ship or land mobile vehicle by measuring its distance by range from 3 or more satellites, whose positional coordinates are telemeter to the user by radio links using a coed. If the delay of the received code relative to the locally generated identical Reference code at the users location be                  T1,    T2 ,     T3 for the satellite transmission from SV1,SV2,SV3 respectively. Then respective ranges are given by 

* R1=C      T1

* R2=C      T2

* R3=C      T3

        The point of intersection of this three lines representing the ranges R1,R2 and R3 defines the special coordinates of the user vehicle and then it can be converted into latitude, longitude and altitude, by transformation of coordinates using computers. In an GLOBAL POSITIONING SYSTEM navigation system the information about time is required for which the signal from the fourth GLOBAL POSITIONING SYSTEM satellite at a range R4 has also to be utilized to obtain 4 equations relating R1, R2 ,R3 and R4 to       t1,     t2,      t3 and     t4 respectively. Three of these equations will allow us to determine the positional coordinates, while the fourth is used to derive the time information. Another way of looking at the problem would be consider that we must have at least four equations to solve for the four unknowns X, Y, Z and T .To measure the value of time delay for wave propagation between satellite transmitter and users receiver phase modulated radio signals in L-band are first received by the GLOBAL POSITIONING SYSTEM receiver from the GLOBAL POSITIONING SYSTEM satellites. The received signals are then demodulated by phase demodulator and resulting pseudo noise code is compared by locally generated code to measure the delay between the envelope delay the range of satellite is determine.

· RF SOLUTIONS FOR GLOBAL POSITIONING SYSTEM: -
        RF front end of GLOBAL POSITIONING SYSTEM receiver converts the equencythe signal received by the helical antenna to an intermediate frequency by double

Super heterodyne technique to process the data digitally for determining the users geographic position.

       Low noise pre amplification is done either by: -

1). Low noise bipolar transistor OR

2). Low noise High electron mobility Transistor OR

3). Pseudomorphic High electron mobility Transistor OR

4). Ga As MOSET OR 

5). Silicon MMICS OR

6). Schottky diodes.

        Silicon MMICS or PIN attenuators diodes are used for AGC.Bipolar transistor provides a low phase noise for the local oscillator Phase. Locked to the crystal reference oscillator. The signal processing circuit is comprised of coherent clocked Detector for the C/A code and/or P-code, estimate for latitude, longitude &altitude of the GLOBAL POSITIONING SYSTEM station together with their errors     X       Y,    Z. And time error     T.
· GLOBAL POSITIONING SYSTEM SEGMENTS: -

             GLOBAL POSITIONING SYSTEM is comprised of three distinct segments.

1) Space segment.

2) Control segment.

3) User segment.

 1) GLOBAL POSITIONING SYSTEM SPACE SEGMENT: -

              It comprises of 18 satellites orbiting in a circular orbits at an altitude of 20,200 Km at an inclination of 55 Degree with a period of 12 hours. The relative position is arrange in such a way that at least four satellites will be visible to any user at a given instant of time thus, ensuring a GLOBAL coverage.(A broad beam antenna used in GLOBAL POSITIONING SYSTEM receiving system ,up to 10 satellite signals can be received.) Each satellite is design to transmit radio signals at two L-band frequencies for commercial services 1575.42 MHz  , and for military purpose 1277.6 MHz is used.

              The radiation pattern of L-band transmitting antenna at the GLOBAL POSITIONING SYSTEM satellite are specially designed to produce uniform signal strength at earth surface independent of 

Position of user. Besides this for allowing control and telemetry function by ground station, the satellite has S-band antenna operating on a down link frequency of 22 to 27.5 MHz and up link frequency is 1783.74 MHz.

2) GLOBAL POSITIONING SYSTEM CONTROL SEGMENT:-

               The control segment of GLOBAL POSITIONING SYSTEM required for monitoring and maintaining the performance of GLOBAL POSITIONING SYSTEM satellite involves four monitoring 

ground stations distributed throughout the globe of location.

1) Hawai.

2) Kwaji-lain (pacific ocean)

3) Diego gracia (Indian ocean)

4) Accension iseland (Atlantic ocean)

               Each station uses GLOBAL POSITIONING SYSTEM receiver to track all the satellites view to accumulate ranging data from the satellite signal and then the information obtained is further processed at master control station, at Colorado, USA.It process the information and derives the orbit of GLOBAL POSITIONING SYSTEM satellite and update the navigation message of each satellite for enward transmission to respective satellite through ground station.
3) GLOBAL POSITIONING SYSTEM USER SEGMENT:-

               The user segment of GLOBAL POSITIONING SYSTEM is meant for providing the user with their position information’s by decreasing the signal using GLOBAL POSITIONING SYSTEM receivers. This involves 

1) Selection of one or more satellites in view.

2) Acquiring GLOBAL POSITIONING SYSTEM signals by code division 

Demultiplexing.

3) Measuring and tracing of GLOBAL POSITIONING SYSTEM satellite.

4) Recovering Navigation data.

· SOURCES OF ERROR IN GLOBAL POSITIONING SYSTEM: -


          Two major sources of error may be introduce in GLOBAL POSITIONING SYSTEM 

Operation.

1) Propagation errors due to ion aspheric and troposphere propagation and multi path effects.


2) Satellite clock errors.


1) Propagation errors :-



It is most significant type due to ion sphere error, which may be normally 20-30 M during day and 6-7 m at night. However, over the mid latitudes such as that over India, where strong latitudunal gradient of ionization prevails due to the proximity of equational anomaly, the inosperic error may be as high as 50-150 m (In two frequency mode of GLOBAL POSITIONING SYSTEM operation, using L(1227.6mhz)and (1575.42 MHz) the inosperic effect may be largely removed by applying the inverse square law dependence of delay in frequency.)Propagation errors due to propagation delay in the troposphere delays corresponding to 30 m may occur at low level satellite elevation angle, these errors are consistent and liminated. Variation of refractive index in troposphere may also cause delay difference. Multiple errors may be due to closed environment of antenna due to presence of obstruction, building, vagitation and stay reflector.

2) Satellite errors: -



It is difference between the actual satellite clock and predicated by satellite 

Data give rise of these types of errors
DIFFERENTIAL GLOBAL POSITIONING SYSTEM: -



The accuracy of position determination in GLOBAL POSITIONING SYSTEM can be improved greatly by using a DGLOBAL POSITIONING SYSTEM technique, in which a reference station of known coordinates is use to receive the GLOBAL POSITIONING SYSTEM station codes to estimate the errors in positioning and then the error information transmitted by radio link to the GLOBAL POSITIONING SYSTEM at the user location for incorporating  the corrections in positioning information obtained by the user  GLOBAL POSITIONING SYSTEM. In DGPS, a GLOBAL POSITIONING SYSTEM receiver installed at the Reference Station, located on a well-surveyed site for its positional coordinates, serves as means of calibration for the GLOBAL POSITIONING SYSTEM navigation system. Any errors common to both the receivers, at the Reference Station and user location, is reduced significantly by using the Differential technique, the degree of reduction of errors decreases with increase of spacing between the Reference and user locations, due to the ionospheric errors becoming uncorrelated with the increased separation of the stations. It may be mentioned here that the accuracy of DGPS is degraded by the ionospheric effects like scintillation, particularly over tropical regions, where the ionospheric electron density reaches a high value due to equatorialanomaly. Recently, attempts are being made to provide correction data to the users of GLOBAL POSITIONING SYSTEM from a geostationary satellite which collects the data of ionospheric corrections over various user regions, so that an user of GLOBAL POSITIONING SYSTEM may introduce the corrections to the position data instantaneously, allowing the GLOBAL POSITIONING SYSTEM  to be useful even for Instrument Landing System (ILS).

· DGPS Configurations: -
1). The Differential corrections are sent to the user in the form of simple 

  Additions of positional coordinates such as      X ,      Y ,       Z using the same satellites for both 

   The stations.

2). The differential GLOBAL POSITIONING SYSTEM Reference Station generates its own 

    psedudorandom (PRN) signal, along with correction data with the 3 GLOBAL 

POSITIONING SYSTEM satellite together with the Reference Station forming the group of 

Our GLOBAL POSITIONING SYSTEM transmitters. The correction data, in the form of 

Range errors to all the visible satellites, is superimposed on the satellite navigation message. 

This approach is useful where only 3 satellites are visible due to terrain topology or due to 

GLOBAL POSITIONING SYSTEM satellite constellation configuration.

3). The errors in the pseudo range to all the visible satellite are calculated and transmitted to 

The users by the Differential GLOBAL POSITIONING SYSTEM Reference Station. In this 

approach a user is getting the correction data in the form of errors in pseudo ranges for all 

Satellites and he is free to use any constellation.

       *GLOBAL POSITIONING SYSTEM is one of the most exciting and revolutionary 

Developments in satellite applications. The idea of using satellite applications. The idea of 

Using satellites for navigation was born along with the launch of the first ever satellite, 

SPUTNIK-1, in 1957 when the scientists at Johns Hopkins university were able to plot the 

Orbit of SPUTNIK by using the apparent Doppler shift in the transmitted radio frequency.

· OPERATION OF GLOBAL POSITIONING SYSTEM:-

        The principle behind GLOBAL POSITIONING SYSTEM is the measurement of 

Distance between the receiver and the satellites. A satellite emits signals tagged with the 

Position and time of transmission event at regular time intervals with the help of four precise 

Internal clocks with accuracy within 3 ns. The receiver can identify the transmitting satellites 

Known position in space.

         If the distance from one satellite is known, the person is somewhere on the surface of an 

Imaginary sphere with satellite as the center and the radius equal to the distance of the 

Satellite from the receiver. If the distance from two satellites is known, the person is 

Somewhere on the line where the two spheres intersect. And if a third measurement is 

Available, there are only two points where the person can be located. One of these locations is 

Virtually impossible and GLOBAL POSITIONING SYSTEM receivers have mathematical 

Methods of eliminating the impossible location.
· Services offered by GLOBAL POSITIONING SYSTEM: -

                  There are two types of GLOBAL POSITIONING SYSTEM, namely, the standard positioning system (SPS) and the precise positioning system (PPS). Authorized users, generally military personnel with specially equipped receivers, have access to the PPS, which has an accuracy level of 1m. Civilians generally have access to the SPS, which 

Has an accuracy of about 100m. In the SPS, the information broadcast by the satellite is purposely degraded to decrease its accuracy for reasons of national security.Kinematic GLOBAL POSITIONING SYSTEM is the latest GLOBAL POSITIONING SYSTEM technique. It makes use of carrier phase observation and yields an accuracy of better than centimeter level
· CHALLENGING AMERICAN SUPREMACY IN SPACE: -

After successfully challenging, EU has now thrown a challenge to Americas Global Positioning System. A NEW BATTLE for ‘Navigation Supremacy’ has begun. Europe has challenged the American supremacy in space. On ground, the Euro has successfully challenged the dollar supremacy and now 24,000 km above the earth’s surface, European Union’s (EU) Galileo satellite constellation has thrown a challenge to the American Global Positioning System (GLOBAL POSITIONING SYSTEM) and that too with the help of a future superpower called China and future regional power called India. During a recent dialogue between EU and India at New Delhi, discussions regarding Galileo space constellation were high on agenda. Galileo is EU’s biggest space venture. This global satellite system, a network of 30 orbiting satellites is designed to open up a lucrative field precision accuracy. The Galileo technology, described as the “internet” of global navigation, could be used for air traffic control, mobile telephones, sensor technology and police surveillance, but inevitably has a military aspect. Currently two major satellite constellations are in the outer space to provide navigational assistance. The Global Positioning System (GPS) is a satellite-based radio-navigation system constituting 24 operational satellites, developed and operated by US. The GLOBAL POSITIONING SYSTEM permits land, sea, and airborne users a facility 

to determine their three -dimensional position in all weather conditions. The GLOBAL POSITIONING SYSTEM consists of three segments: space, control, and user. Also the Russian system called GLONASS is available for navigational assistance. However, it is not considered to be a very accurate system in its 

existing format.   

· APPLICATION OF GLOBAL POSITIONING SYSTEM AND DGLOBAL 

POSITIONING SYSTEM

· For marine application an accuracy of 100m obtainable in GLOBAL POSITIONING   

SYSTEM with C\A code is adequate.

1). Precise Landing of Aircraft.

2). Geophysical Surveys of Remote Locations.

3). Rescue Operation.

4). Marine Gravity.

5). Hydrographic Surveys.

6). Physical   Oceanography Operation.

7). Collision Avoidance.

· Military Applications:

1). En-Route Navigation.

2). Non-Precision Approach.

3). Target Acquisition.

4). Missile Guidance.

5). All-Weather Air Drop.

6). Sensor Emplacement.

7). Coordinate Bombing.

8). Remotely   Piloted Vehicle Operations.

9). Bare base Operations.

10). Photoreconnaissance.

· CONCLUSION: -

             In this way, the GLOBAL POSITIONING SYSTEM is one of the most 

Exciting and revolutionary developments in satellite applications. It is a second 

Generation satellite navigational based on the measurement of the times of arrival of 

time signal received from three or more orbiting satellite, whose positional co-ordinates 

in the space are also transmitted. Hence GLOBAL POSITIONING SYSTEM is the new 

generation of universal navigational aid based on satellite. In GLOBAL POSITIONING 

SYSTEM, radio signals from number of orbiting aircraft satellites receive satellites 

are received by an aircraft or ships, as the case may be the GLOBAL POSITIONING  

SYSTEM is most cost effective and versatile universal navigational aid for the coming years.
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