


 (
GPS System
) (
2011
Nadeem
 Danish
KITM 
Karnal
13-Sep-11
)


[image: ]
A 




Submitted By:-
Nadeem Danish
Roll No-5109022
KARNAL INSTITUTE OF TECHNOLOGY AND MANAGEMENT
KUNJPURA, KARNAL-132001
HARYANA
   
          TABLE OF CONTENTS
1. Global Positioning System 
1.1. Introduction of GPS
1.2. History of GPS
1.3. Modernization
2. Basic concept of GPS
2.1. Position calculation 
2.2. GPS receiver clock
2.3. Shouting From the Stars
3. Working Principle of GPS
3.1. How GPS work.
3.2. Message format
3.3. Satellite  frequencies
4. GPS Element
4.1. Space Segment
4.2. User Segment 
4.3. Control Segment
5. GPS Error sources
5.1. Satellite clock error
5.2. Receiver clock error
5.3. Atmospheric error: Ionosphere and troposphere
5.4. Multi path error
6. Application of GPS
6.1. Civilian 
6.2. Restriction for civilian
6.3. Military


 








1. Global Positioning System

       

          [image: ] 


1.1. Introduction of  GPS

· The Global Positioning System (GPS) is a space-based global navigation satellite system (GNSS) that provides location and time information in all weather, anywhere on or near the Earth.
· Where there is an unobstructed line of sight to four or more GPS satellites. It is maintained by the United States government and is freely accessible by anyone with a GPS receiver with some technical limitations which are only removed for military users.
· The GPS project was developed in 1973 to overcome the limitations of previous navigation systems, integrating ideas from several predecessors, including a number of classified engineering design studies from the 1960s.
· GPS was created and realized by the U.S. Department of Defense (USDOD) and was originally run with 24 satellites.
· It became fully operational in 1994.

1.2. History of GPS

[image: ]

· The design of GPS is based partly on similar ground-based radio-navigation systems, which is developed in the early 1940s, and used during World War II.
·  Additional inspiration for GPS came when the Soviet Union launched the first man-made satellite, Sputnik in 1957.
· When they released the orbit of Sputnik to the media the Russians were dumbfounded to learn how powerful American computers had become, as they were not able to calculate the orbit themselves.
· The first satellite navigation system, Transit (satellite), used by the United States Navy, was first successfully tested in 1960.
· In 1967, the U.S. Navy developed the Timation satellite that proved the ability to place accurate clocks in space, a technology required by GPS.
· In the 1970s, the ground-based Omega Navigation System, based on phase comparison of signal transmission from pairs of stations,[4] became the first worldwide radio navigation system.

1.3. Modernization
· In 1972, the USAF Central Inertial Guidance Test Facility (Holloman AFB), conducted developmental flight tests of two prototype GPS receivers over White Sands Missile Range, using ground-based pseudo-satellites.
· In 1978, the first experimental Block-I GPS satellite was launched.

· In 1992, the 2nd Space Wing, which originally managed the system, was de-activated and replaced by the 50th Space Wing.
· In 1996, recognizing the importance of GPS to civilian users as well as military users, U.S. President Bill Clinton issued a policy directive[20] declaring GPS to be a dual-use system and establishing an Interagency GPS Executive Board to manage it as a national asset.
· In 2005, the first modernized GPS satellite was launched and began transmitting a second civilian signal (L2C) for enhanced user performance.
· On May 21, 2009, the Air Force Space Command allayed fears of GPS failure saying "There's only a small risk we will not continue to exceed our performance standard.
· On January 11, 2010, an update of ground control systems caused a software incompatibility with 8000 to 10000 military receivers manufactured by a division of Trimble Navigation Limited of Sunnyvale, Calif.
· In 1992, the 2nd Space Wing, which originally managed the system, was de-activated and replaced by the 50th Space Wing.


2. Basic Concept of GPS
2.1. Position calculation
· A GPS receiver calculates its position by precisely timing the signals sent by GPS satellites high above the Earth. Each satellite continually transmits messages that include
· The time the message was transmitted.
· Precise orbital information.
· The general System health and rough orbits of all GPS Satellites.
· The receiver uses the messages it receives to determine the transit time of each message and computes the distance to each satellite.
· This position is then displayed, perhaps with a moving map display or latitude and longitude, elevation information may be included. Many GPS units show derived information such as direction and speed, calculated from position changes.

· To provide an introductory description of  how  a GPS receiver works, error effects are deferred to a later section.  

· Using messages received from a minimum of four visible satellites, a GPS receiver is able to determine the times sent and then the satellite positions corresponding to these times sent.  The x, y, and z components of position.


2.2. GPS Receiver clock
· If we send out a pulse of sound or radio waves then we can determine resistance of object by dividing the time it took for reply by the speed of sound. 
· Distance = Speed * Time
· Time = Distance / Speed
· GPS works on much the same principle. GPS satellite only transmit timing data pulse, GPS receive units, only receive. 
· Let r4 denote the distance from the valid estimate of GPS receiver position to the fourth satellite and let p4  denote the  pseudo range  of the fourth satellite.
·  Let da= r4 – p4 .
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· ‘da’  Is the distance from the computed GPS receiver position to the surface of the sphere corresponding to the fourth satellite. 

2.3. Shouting From the Stars
· The GPS works on this principle, although it uses much more precise clocks and the speed of light. 
· If each GPS unit had to have an atomic clock, it would be expansive. With three satellites we can solve three of these four variables. There are Z= Altitude and T= Time.
· With only three satellites and an imprecise clock, we have to assume altitude to be a known constant. E.g.: Sea level. Since we can only solve for three variables using three satellites.
· X , Y and Time. But if we have four visible satellites we can solve for all four variables X, Y, Z and T. 


3. Working principle of GPS

3.1. How GPS works
· GPS signals work in microwaves bands. 
· They can pass through glass, but are absorbed by water molecules and reflect off concrete, steel and rock.
·  This means that GPS unit have trouble operating in rain forest, urban jungle, deep canyons, inside automobiles and roads and in heavy snowfalls-among other things. 
· These environmental obstacles degrade positional accuracy or make it impossible to get a fix on your location. 
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· Demodulating and Decoding of GPS Satellite Signal’s using the Coarse/Actuation  of Gold Code. 

3.2. Message Format
· Each GPS satellite continuously broadcasts a navigation message at a rate of 50 bits per second.
· Each complete message is composed of 30-second frames, distinct groupings of 1,500 bits of information.
· Each frame is further subdivided into 5 sub frames of length 6 seconds and with 300 bits each. Each sub frame contains 10 words of 30 bits with length 0.6 seconds each. Each 30 second frame begins precisely on the minute or half minute as indicated by the atomic clock on each satellite.
· The first part of the message encodes the week number and the time within the week, as well as the data about the health of the satellite.


3.3. Satellite frequencies
· All satellites broadcast at the same two frequencies, 1.57542 GHz (L1 signal) and 1.2276 GHz (L2 signal).
· The satellite network uses a CDMA spread-spectrum technique where the low-bitrates message data is encoded with a high-rate pseudo-random (PRN) sequence that is different for each satellite.
· L2 carrier is only modulated by the P code. The P code can be encrypted as a so-called P(Y) code that is only available to military equipment with a proper decryption key. Both the C/A and P(Y) codes impart the precise time-of-day to the user.
· The L3 signal at a frequency of 1.38105 GHz is used by the United States Nuclear Detonation (NUDET) Detection System (USNDS) to detect, locate, and report nuclear detonations (NUDETs) in the Earth's atmosphere and near space. One usage is the enforcement of nuclear test ban treaties.

4. GPS Elements

· There are three basic GPS element consist
4.1. Space Segment

· The space segment (SS) is composed of the orbiting GPS satellites or Space Vehicles (SV) in GPS parlance.
· The GPS design originally called for 24 SVs, eight each in three approximately circular orbits, but this was modified to six orbital planes with four satellites each.
· The orbits are centered on the Earth, not rotating with the Earth, but instead fixed with respect to the distant stars.
· The six orbit planes have approximately 55° inclination, and are separated by 60° right ascension of the ascending node.
· The orbits are arranged so that at least six satellites are always within line of sight from almost everywhere on Earth's surface.

4.2. User Segment
· The user segment is composed of hundreds of thousands of U.S. and allied military users of the secure GPS Precise Positioning Service, and tens of millions of civil, commercial and scientific users of the Standard Positioning Service.
· In general, GPS receivers are composed of an antenna, tuned to the frequencies transmitted by the satellites, receiver-processors, and a highly stable clock.
· They may also include a display for providing location and speed information to the user.
· A receiver is often described by its number of channels: this signifies how many satellites it can monitor simultaneously. Originally limited to four or five, this has progressively increased over the years so that, as of 2007, receivers typically have between 12 and 20 channels.
· Many GPS receivers can relay position data to a PC or other device using the NMEA 0183 protocol.

4.3. Control Segment
· The control segment is composed of…..
· A master control station(MCS)
· An alternate master control station
· Four dedicated ground antennas
· Six dedicated monitor station
· The MCS can also access U.S. Air Force Satellite Control Network (AFSCN) ground antennas, and NGA (National Geospatial-Intelligence Agency) monitor stations.
· The flight paths of the satellites are tracked by dedicated U.S. Air Force monitoring stations in Hawaii, Kwajalein, Ascension Island, Diego Garcia, Colorado Springs, Colorado and Cape Canaveral, along with shared NGA monitor stations operated in England, Argentina, Ecuador, Bahrain, Australia and Washington DC.
· The tracking information is sent to the Air Force Space Command's MCS atSchriever Air Force Base 25 km (16 miles) ESE of Colorado Springs, which is operated by the 2nd Space Operations Squadron (2 SOPS) of the U.S. Air Force.
· Then 2 SOPS contacts each GPS satellite regularly with a navigational update using dedicated or shared (AFSCN) ground antennas (GPS dedicated ground antennas are located at Kwajalein, Ascension Island, Diego Garcia, and Cape Canaveral).
5. GPS Error sources
· There are various type of error sources in GPS

5.1. Satellite clock error
· One nano second of inaccuracy in a satellite clock results in about 30 cm (1 foot) of error in measuring the distance to that satellite.
· For this reason satellites are equipped with very accurate cesium atomic clock. 
· Even these very accurate clocks accumulate an error of one nano second every 3 hours.

5.2. Receiver  clock error
· Similar to satellite clock error, any error in the receiver clock causes inaccuracy in distance measurement. However it is not practical to equip receiver with very accurate atomic clocks. Atomic clocks weigh more than 20 kgs, cost about US$ 50,000. 
· Assume that at a given time our receiver clock has an error of 1 ms causing a distance error of about 300,000 meters. If the distance to all satellites are measured exactly at the same time. We can there for include the receiver clock error as one of the known that we must solve for. 
5.3. Atmospheric error: Ionosphere and Troposphere
· Ionospheric Error
· The impact of the ionospheric on the electronic signal depend on the frequency of the signal. The higher the frequency, the less is the impact. So the ionosphere may delay the code of one frequency.
· For e.g. by 5 meter and on the other frequency say by 6 meter. We cannot measure the magnitude of these delays, but we can measure their difference by observing the difference on their arrival time, which in this case translate into 1 meter of effective distance between them. 
· By measuring this difference and using non formula for frequency dependencies on the ionospheric delay, ionospheric effects can be removed.

· Tropospheric Error

· The lower level of the atmosphere which contains water vapors is called the troposphere. It has the effect of slowing down both code and carrier. 
· The effect of the troposphere cannot be removed using dual frequency system. The only way to remove the effect of the troposphere by measuring its water vapor content, temperature and pressure, and applied mathematical model that can be compute the delay of troposphere.
5.4. Multipath Error
· In measuring distance to each satellite we assume that the satellite signal travel directly from the satellite to antenna of the receiver. But in addition to the direct signal there are reflective signal from the ground and the objects near the antenna, that also reach the antenna through indirect path and interface with the direct signal. 
· Following are the sources of multipath error
· Reflection : It occur when an electromagnetic signal encounters a surface that is large relative to wavelength of signal 
· Refraction : It occurs at the edge of an impenetrable body that is large compare to wavelength of the radio waves. 
· Scattering : If the size of an obstacle is on the order of the wavelength of the signal or less, scattering occurs. 



6. Application of GPS

6.1. Civilian
· Many civilian applications use one or more of GPS's three basic components: absolute location, relative movement, and time transfer.
· Clock synchronization: The accuracy of GPS time signals (±10 ns) is second only to the atomic clocks upon which they are based.
· Cellular telephony: Clock synchronization enables time transfer, which is critical for synchronizing its spreading codes with other base stations to facilitate inter-cell handoff and support hybrid GPS/cellular position detection for mobile emergency calls and other applications.
· Geotagging: Applying location coordinates to digital objects such as photographs and other documents for purposes such as creating map overlays.
· GPS Tour: Location determines what content to display; for instance, information about an approaching point of interest.
· Navigation: Navigators value digitally precise velocity and orientation measurements.
· There are many more application for GPS for civilian.
6.2. Restriction for civilian

· The U.S. Government controls the export of some civilian receivers. All GPS receivers capable of functioning above 18 kilometers (11 mi) altitude and 515 meters per second (1,001 kn) are classified as munitions (weapons) for which U.S. State Department export licenses are required. These limits attempt to prevent use of a receiver in a ballistic missile.
· They would not prevent use in a cruise missile because their altitudes and speeds are similar to those of ordinary aircraft.
· This rule applies even to otherwise purely civilian units that only receive the L1 frequency and the C/A (Coarse/Acquisition) code and cannot correct for Selective Availability (SA), etc.

6.3. Military

           [image: ]
· There are many more GPS application for military
· Navigation: GPS allows soldiers to find objectives, even in the dark or in unfamiliar territory, and to coordinate troop and supply movement. In the United States armed forces, commanders use the Commanders Digital Assistant and lower ranks use the Soldier Digital Assistant.
· Target tracking: Various military weapons systems use GPS to track potential ground and air targets before flagging them as hostile.
·  These weapon systems pass target coordinates to precision-guided munitions to allow them to engage targets accurately.
·  Military aircraft, particularly in air-to-ground roles, use GPS to find targets (for example, gun camera video from AH-1 Cobras in Iraq show GPS co-ordinates that can be viewed with specialized software).
· Missile and projectile guidance: GPS allows accurate targeting of various military weapons including ICBMs, cruise missiles and precision-guided munitions. Artillery projectiles. Embedded GPS receivers able to withstand accelerations of 12,000 g or about 118 km/s2 have been developed for use in 155 millimeters (6.1 in) howitzers.
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