Abstract

In this seminar, the details information about the geographical databases which are useful for storing the spatial locations, the way in which the geometric information is given in detailed. The application and the representation of the geographic data are given here.

One of the application of the geographic data i.e. Global Positioning System, which 

Deals with the spatial location, is very important issue nowadays. In modern age the GPS is playing a vital role in military purpose, information broadcast system and locating vehicles.

In this seminar, the broad overview of GPS along with its operation is explained including the characteristics of GPS receiver, its uses.  
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Geographical Database

Database

If we want to define the Database in a very simple language then we can say that the database is the system which stores something in it. It stores the data and various other important information in it. The database works with a proper co –ordination and thereafter forms the database system which stores the information in it and thereafter whenever required that information can be obtained very easily. The data which is stored in the database can be easily transported to the different location and it remains safe for a longer time in it, also the information is never corrupted in the database system .This database is playing a vital role in the computer storing devices, it has made a revolution in the field of storing data.


In the past years when any information was gained then it was not possible to store it inside the system, so it became very tedious job of recollecting that data again and if we want that data to be stored then we have to do it manually. So we have to along the the recorded data for the system wherever we want that data. But after the development in the database, the data can be easily retrieved from the system because the system is equipped with the database system. This database system is very important in this way.

The information is stored in the database and it can be recollected easily with the help of the database management system. This information is mobile and can be easily transferred from one place to another and can be easily gained in the other system .This database system manages whole of the data and information.

Database systems are designed to manage large bodies of information .The management of data involves both the definition of structures for the storage of information and provision of mechanisms for the manipulation of information .In addition, the database system must provide for the safety of the information stored, despite system crashes or attempts at unauthorized access. If data are to be shared among several users, the system must avoid possible anomalous results.

DBMS (Database Management System) consists of the collection of the interrelated data and a set of programs to access those data. The collection of data, usually referred to as the database, contains information about one particular enterprise .The primary goal of a DBMS is to provide an environment that is both convenient and efficient to use in retrieving and storing database information.
Modern Database

The modern database is very complex and is very hard to design because it requires many complicated design to satisfy the query being asked by the user to the system . Many changes have been made in the past database because the database was having some drawbacks in them ,so the total care was taken in the modern database that the eradication of the negative points of the old database should be taken into consideration . The old database was having the drawback of storing the information with the unnecessary redundancy and does not allow the retrieval of information very easily. So the new type of the database system was developed which was called the Relational Database System .

The database which are commonly used nowadays are SQL,Asp,Java and Oracle ,etc .All these are the commonly used database system used and all of these are used in different manner and they work in total different manner with each other . This databases work mainly on the basic principle of storage and retrieval of the data.


Today in the modern database we are having  the complex structure of storing the data and the information because they store the data in the indexed or the hashing manner so that the data can be easily retrieved from the database such that very less time is required to retrieve the data from the database.In the previous version of the database if the data is more in the database the system would go in the infinite loop such that the database would crash or will become distorted . Nowadays the database work on the bases of the pointers such that the redundancy of the data is not required here  and we can easily point to the required data and can easily gained from the system . No extra storage is required here . The  modern database is very good option nowadays for the storing of the data in a safe manner.

Geographic Databases

Spatial databases store the information related to the spatial locations , and provide support for the efficient querying and indexing based on the spatial location .For Example,suppose that we want to store a set of polygons in a database ,and to query the database to find all polygon s that intersect a given polygon .We cannot use standard index structures,such as B-trees or hash indices, to answer such a query efficiently .A spatial database would use special-purpose index structures.such as R-trees for the task.

Two types of  Spatial database are particularly important:
     

Design databases,or computer-aided-design(CAD) databases,are spatial databases used to store design information about how objects-such as buildings,cars,or aircraft-are constructed,Other important examples of computer – aided – design databases are integrated –circuit and electronic-device layouts.This database is very important for the storing of the big structures so this database has to take utmost care that the data should be stored carefully and no error should occur . This complex data should also be stored for a long time and that too with the compete accuracy and this data should de easily transmittable also .

Geographical databases are spatial databases used to store geographic information such as maps.Geographic databases are often called geographic information systems. This databases store the maps and the geographical locations in it .All these information is important is very important for the military purpose and the vehicle driver .All the information and the data are stored in the places like the satellite so that it can be transmitted to the user whenever so that he can know where am I  ? This data is important for him because this information is required to him in emergency , so the data in the database should be stored safely and this information should be easily transmitted so the data  should be easily transmittable and it should be easily decoded and encoded at both the receiver and the transmitter side. This database has got a vital role in the military purpose ,for which it was developed firstly.

GPS Prerequisite

Representation of the Geometric Information

Figure which is shown below illustrates how various geometric constructs can be represented in a database , in a normalized fashion .We stress here that geometric information can be represented in several different ways,only some of which  is described.

A line segment can be represented by the coordinates of its endpoints.We can approximately represent an arbitrary curve by partitioning it into a sequence of segments. To allow the use of use of fixed – size tuples , we can give the curve an identifier ,and can represent each segment as a separate tuple that also carries with it the identifier of the curve .This representation is useful for two – dimensional features such as roads ; here , the width of the road is small enough relative to the size of the full map that it can be considered two dimensional . For a map database , the two coordinates of a point would  be its latitude and longitude .

We can represent a polygon by listing its vertices in order , as shown in the figure.The list of vertices actually specifies the boundary of a polygonal region.For simplicity ,we consider only closed polygons – that is ,polygons where the starting vertex in the list is the same as the ending vertex in the list.The interior of the boundary forms the polygonal region.


In an alternative representation , a closed polygon can be divided into a set of triangles as shown in figure.This process is called triangulation , and any closed polygon can be triangulated . In a manner similar to the representation of curves ,the complex polygon is given an identifier ,and each of the triangles into which it is divided carries the identifier of the polygon.Complex two-dimensional features bounded by curves , such as circles , can be approximated by polygons.


The triangulated representation is designed to be stored in the first-normal-form relational format . Non – first-normal-form representations, such as ones representing a polygon by a list of vertices or edges ,are also used in practice , where supported by the underlying database.Such list-based representations are often convenient for query processing.
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The representation of the points and line-segments in the three dimensional space is similar to their representation in the two-dimensional space,with the only difference that the points have an extra z component . Similarly ,the representation of planar figures – such as triangles , rectangle , and other polygons – does not change much when we move to three dimensions. Tetrahedrons and cuboids can be represented similar to triangles and rectangles.We can represent an arbitrary polyhedra by dividing them into tetrahedrons , like triangulating polygons . We can also represent them by listing their faces , each of which is itself a polygon , along with an indication of which side of the face is inside the polyhedron. 

Geographic Data
Geographic data are spatial in nature ,but differ from the design data in certain ways.Maps and satellite images are typical examples of geographical data.Maps may provide not only location information –such as boundaries ,rivers and roads – but also much more detailed information associated with locations ,such as elevation, soil type land usage,and annual rainfall.


Geographical data can be categorized into two types:

Raster data .Such data consist of bit maps or pixel maps,in two or more dimensions .A typical example of a two – dimensional raster image is  a satellite image of cloud cover ,where each pixel stores the cloud visibility in a particular area.Such data can be three- dimensional-for example,the temperature at different regions,again measured with the help of a satellite .Time could form another dimension – for example,the surface temperature measurements at different points in time . Design databases generally do not store raster data.

Vector data .Vector data are constructed from basic geometric objects,such as points,line segments, triangles,and other polygons in two dimensions and cylinders,spheres,cuboids,and other polyhedrons in three dimensions.


Map data are often represented in vector .Rivers and roads may be represented as unions of multiple line segments .States and countries may be represented as polygons.Topological information ,such as height , may be represented by a surface divided into polygon covering regions of equal height ,with the height value associated with each polygon.

Representation of the Geographical Data

Geographical features ,such as states and large lakes ,are represented as complex polygons.Some features , such as rivers ,may be represented either as complex curves or as complex polygons,depending on whether their width is relevant.


Geographic information related to regions such as annual rainfall ,can be represented as an array – that is , in raster form .For space efficiency , the array can be stored in a compressed form .


We can represent region information in vector form , using polygons, where each polygon is a region within which the array value  is the same. The vector representation is more compact than the raster representation in some applications. It is also more accurate for some tasks ,such as depicting roads,where dividing the region into pixel (which may be fairly large) leads to a loss of precision in location information . However,the vector representation is unsuitable for applications where the data are instrinsically raster based,such as satellite images.

3.Global Positioning System

Introduction to GPS

The Global Positioning System (GPS) includes 24 satellites, in circular orbits around Earth with orbital period of 12 hours, distributed in six orbital planes equally spaced in angle. Each satellite carries an operating atomic clock (along with several backup clocks) and emits timed signals that include a code telling its location. By analyzing signals from at least four of these satellites, a receiver on the surface of Earth with a built-in microprocessor can display the location of the receiver (latitude, longitude , and altitude). Consumer receivers are the approximate size of a hand-held calculator, cost a few hundred dollars, and provide a position accurate to 100 meters or so. Military versions decode the signal to provide position readings that are more accurate—the exact accuracy a military secret. GPS satellites are gradually revolutionizing driving, flying, hiking, exploring, rescuing, and map making . Airports use one GPS receiver at the control tower and one on the approaching airplane. The two receivers are close together, which cancels errors due to propagation of signals between each receiver and overhead satellites. It also cancels the “jitter” intentionally introduced into the satellite signal to make civilian receivers less accurate than military receivers.


As a result, measurement of the relative position of control tower and airplane is accurate to 1 or 2 meters. This configuration of receivers permits blind landing in any weather. Runway collisions can also be avoided by using this system to monitor positions of aircraft on the ground (a task impossible for the electromagnetic signals of radar).The timing accuracy required by the GPS is so great that general relativistic effects are central to its performance. First, clocks run at different rates when they are at different distances from a center of gravitational attraction.

Second, both satellite motion and Earth rotation must be taken into account; neither the moving satellite nor Earth’s surface corresponds to the stationary spherical shell is described.

Operation of the Global Positioning System

The goal of the Global Positioning System (GPS) is to determine your position on Earth in three dimensions: east-west,north-south, and vertical (longitude, latitude, and altitude).

Signals from three overhead satellites provide this information.Each satellite sends a signal that codes where the satellite is and the time of emission of the signal. The receiver clock times the reception of each signal, then subtracts the emission time to determine the time lapse and hence how far the signal has traveled (at the speed of light).This is the distance the satellite was from you when it emitted the signal. In effect, three spheres are constructed from these distances, one sphere centered on each satellite. You are located at the single point at which the three spheres intersect.

Of course there is a wrinkle: The clock in your hand-held receiver is not nearly so accurate as the atomic clocks carried in the satellites. For this reason, the signal from a fourth overhead satellite is employed to check the accuracy of the clock in your hand-held receiver. This fourth signal enables the hand-held receiver to process GPS signals as though it contained an atomic clock.Signals exchanged by atomic clocks at different altitudes are subject to general relativistic effects described using the Schwarzschild metric. Neglecting these effects would make the GPS useless.

GPS Data

· The GPS Navigation Message consists of time-tagged data bits marking the time of transmission of each subframe at the time they are transmitted by the SV. A data bit frame consists of 1500 bits divided into five 300-bit subframes. A data frame is transmitted every thirty seconds. Three six-second subframes contain orbital and clock data. SV Clock corrections are sent in subframe one and precise SV orbital data sets (ephemeris data parameters) for the transmitting SV are sent in subframes two and three. Subframes four and five are used to transmit different pages of system data. An entire set of twenty-five frames (125 subframes) makes up the complete Navigation Message that is sent over a 12.5 minute period. 

· Data frames (1500 bits) are sent every thirty seconds. Each frame consists of five subframes. 

· Data bit subframes (300 bits transmitted over six seconds) contain parity bits that allow for data checking and limited error correction. 

· Clock data parameters describe the SV clock and its relationship to GPS time. 

· Ephemeris data parameters describe SV orbits for short sections of the satellite orbits. Normally, a receiver gathers new ephemeris data each hour, but can use old data for up to four hours without much error. The ephemeris parameters are used with an algorithm that computes the SV position for any time within the period of the orbit described by the ephemeris parameter set. 

· Almanacs are approximate orbital data parameters for all SVs. The ten-parameter almanacs describe SV orbits over extended periods of time (useful for months in some cases) and a set for all SVs is sent by each SV over a period of 12.5 minutes (at least). Signal acquisition time on receiver start-up can be significantly aided by the availability of current almanacs. The approximate orbital data is used to preset the receiver with the approximate position and carrier Doppler frequency (the frequency shift caused by the rate of change in range to the moving SV) of each SV in the constellation. 

· Each complete SV data set includes an ionospheric model that is used in the receiver to approximates the phase delay through the ionosphere at any location and time.

· Each SV sends the amount to which GPS Time is offset from Universal Coordinated Time. This correction can be used by the receiver to set UTC to within 100 ns. 

· Other system parameters and flags are sent that characterize details of the system. 

· Position and Time from GPS

· Code Phase Tracking (Navigation) 

· The GPS receiver produces replicas of the C/A and/or P (Y)-Code. Each PRN code is a noise-like, but pre-determined, unique series of bits. 

· The receiver produces the C/A code sequence for a specific SV with some form of a C/A code generator. Modern receivers usually store a complete set of precomputed C/A code chips in memory, but a hardware, shift register, implementation can also be used. 

· The C/A code generator produces a different 1023 chip sequence for each phase tap setting. In a shift register implementation the code chips are shifted in time by slewing the clock that controls the shift registers. In a memory lookup scheme the required code chips are retrieved from memory. 

· The C/A code generator repeats the same 1023-chip PRN-code sequence every millisecond. PRN codes are defined for 32 satellite identification numbers. 

· The receiver slides a replica of the code in time until there is correlation with the SV code. 

· If the receiver applies a different PRN code to an SV signal there is no correlation. 

· When the receiver uses the same code as the SV and the codes begin to line up, some signal power is detected. 

· As the SV and receiver codes line up completely, the spread-spectrum carrier signal is de-spread and full signal power is detected. 

· A GPS receiver uses the detected signal power in the correlated signal to align the C/A code in the receiver with the code in the SV signal. Usually a late version of the code is compared with an early version to insure that the correlation peak is tracked. 

· A phase locked loop that can lock to either a positive or negative half-cycle (a bi-phase lock loop) is used to demodulate the 50 HZ navigation message from the GPS carrier signal. The same loop can be used to measure and track the carrier frequency (Doppler shift) and by keeping track of the changes to the numerically controlled oscillator, carrier frequency phase can be tracked and measured. 

· The receiver PRN code start position at the time of full correlation is the time of arrival (TOA) of the SV PRN at receiver. This TOA is a measure of the range to SV offset by the amount to which the receiver clock is offset from GPS time. This TOA is called the pseudo-range. 

How GPS Works

GPS receivers integrate a radio and a navigation computer and can receive the faint, twenty-watt signals coming from the satellites. The computer uses these signals to calculate the distance between the satellites and the receiver. With this information, the computer can further calculate the position and velocity of the receiver. 

The number of satellites visible to a receiver constantly varies between four and eleven according to time and location. Each satellite broadcasts a number of unique spread-spectrum codes, but only one, the Coarse Acquisition (C/A) code, is easily accessible for civilian use. The C/A in orbit 11,000 miles above earth, GPS satellites transmit at twenty watts a number of unique spread-spectrum code. The number of satellites visible to a GPS receiver constantly varies between four and eleven according to time and location. Code is effectively a timing signal synchronized to an international time standard-Universal Coordinated Time (UCT). UCT is kept by a world-wide ensemble of cesium and hydrogen maser frequency standard atomic docks. The highest-quality GPS receivers measure the C/A code to better-than- nanosecond precision. 

A GPS receiver determines its position by first receiving a broadcast code, which contains the time the code was transmitted from the satellite The receiver then subtracts the transmission time from the reception time (based on the receiver's internal clock) and multiplies the result by the speed of light, The result, or "pseudorange," is a measurement of the distance between the satellite and the receiver and includes whatever errors might occur from receiver cock offset or atmospheric signal delay. With four or more pseudoranges, the receiver has enough information to calculate its "fix" -- determining its latitude, longitude, altitude and clock offset. The fix computation requires precise details such as satellite clock synchronization, accurate satellite orbits and accurate models of atmospheric effects on the speed of light, These details are all supplied by the satellite tracking network and broadcast to the receivers as part of the GPS signals.

Pseudorange measurements

• When a GPS receiver measures the time offset it needs to apply to its replica of the code to reach maximum correlation with received signal, what is it measuring?

• It is measuring the time difference between when a signal was transmitted (based on satellite clock) and when it was received (based on receiver clock).

• If the satellite and receiver clocks were synchronized , this would be a measure of range

• Since they are not synchronized, it is called “pseudorange”

Basic measurement types

• Pseudorange:
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Where Pkp is the pseudorange between receiver k and satellite p; tk is the receiver clock time, tp is the satellite transmit time; and c is the speed of light

This expression can be related to the true range by introducing corrections to the clock times
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tk and tp are true times; Dtk and Dtp are clock corrections

Basic measurement types

• Substituting into the equation of the pseudorange yields 
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pkp is true range, and the ionospheric and atmospheric terms are introduced because the propagation velocity is not c.
Basic measurement types

• The equation for the pseudorange uses the true range and corrections applied for propagation delays because the propagation velocity is not the in-vacuum

value, c, 2.99792458x108 m/s

• To convert times to distance c is used and then corrections applied for the actual velocity not equaling

c. In RINEX data files, pseudorange is given in distance units.

• The true range is related to the positions of the ground receiver and satellite.

• Also need to account for noise in measurements

Pseudorange noise

• Pseudorange noise (random and not so random errors in measurements) contributions:

– Correlation function width:The width of the correlation is inversely proportional to the bandwidth of the signal.Therefore the 1MHz bandwidth of C/A produces a peak 1 msec wide (300m) compared to the P(Y) code 10MHz bandwidth which produces 0.1 msec peak (30 m) Rough rule is that peak of correlation function can be determined to 1% of width (with care). Therefore 3 m for C/A code and 0.3 m for P(Y) code.

Pseudorange noise

• More noise sources

– Thermal noise: Effects of other random radio noise in the GPS bands Black body radiation: I=2 kT/l2 where I is the specific intensity in, for example, watts/(m2Hz ster), k is Boltzman’s constant,1.380 x 10-23 watts/Hz/K and l is wavelength.Depends on area of antenna, area of sky seen (ster=sterradians), temperature T (Kelvin) and frequency. Since P(Y) code has narrower bandwidth, tracking it in theory has 10 times less thermal noise power (cut by factor of 2 because less transmission power) Thermal noise is general smallest effect

– Multipath: Reflected signals (discussed later)

Pseudorange noise

• The main noise sources are related to reflected signals and tracking approximations.

• High quality receiver: noise about 10 cm

• Low cost receiver ($200): noise is a few meters (depends on surroundings and antenna)

• In general: C/A code pseudoranges are of similar quality to P(Y) code ranges. C/A can use narrowband tracking which reduces amount of thermal noise

• Precise positioning (P-) code is not really the case.

Phase measurements

• Carrier phase measurements are similar to pseudorange in that they are the difference in

phase between the transmitting and receiving oscillators. Integration of the oscillator

frequency gives the clock time.

• Basic notion in carrier phase: f=fDt where f is phase and f is frequency

Phase measurements 
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• The carrier phase is the difference between phase of receiver oscillator and signal received plus the number of cycles at the initial start of tracking

• The received phase is related to the transmitted phase and propagation time by
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Phase measurements

• The rate of change of phase is frequency.Notice that the phase difference changes as

r/c changes. If clocks perfect and nothing moving then would be constant.• Subtle effects in phase equation

– Phase received at time t = phase transmitted at t-t (riding the wave)

– Transmitter phase referred to ground time (used later). Also possible to formulate as transmit time.

Phase measurements

• When phase is used it is converted to distance using the standard L1 and L2 frequencies and vacuum speed of light.

• Clock terms are introduced to account for difference between true frequencies and

nominal frequencies. As with range ionospheric and atmospheric delays account

for propagation velocity

Precision of phase measurements

• Nominally phase can be measured to 1% of wavelength (~2mm L1 and ~2.4 mm L2)

• Again effected by multipath, ionospheric delays (~30m), atmospheric delays (3-30m).

• Since phase is more precise than range, more effects need to be carefully accounted for with phase.

• Precise and consistent definition of time of events is one the most critical areas

• In general, phase can be treated like range measurement with unknown offset due to cycles and offsets of oscillator phases.

Commercial GPS receivers share several characteristics:

· Most GPS receivers automatically select the satellites used in the timing solution. This makes them easy to use. Often, you simply turn the receiver on and wait for a signal to be acquired. However, different algorithms are used to select satellites, and each receiver has its own thresholds at which it decides to keep, drop, or acquire a satellite. Some algorithms choose the satellites that provide the best geometric dilution of precision (GDOP). Others choose the satellites highest in the sky after a fixed position has been entered. Some algorithms limit the timing solution to just one, or just a few satellites. Others can use as many as 12 satellites in the solution. For this reason, two GPS receivers can obtain very different results even when connected to the same antenna in the same location. 

· Most GPS receivers have poor short term stability. The models with the best short term stability typically discipline an oven controlled quartz oscillator (OCXO) or a rubidium oscillator to the GPS signal. However, many receivers do not discipline an oscillator at all. Instead, they divide the output of a small temperature controlled crystal oscillator (TCXO) to 1 pps, and then synchronize the 1 pps to the GPS signal. The TCXO free runs and the receiver accumulates time errors until the total time error approaches a threshold (a multiple of the half period of the oscillator), and then generates a phase step that reduces the time error to a minimum. Some receivers step phase in increments of 100 ns or less, but some use increments of 1 ms or larger. If the TCXO is offset in frequency by 1 x 10-7 (typical), a 100 ns phase correction is needed every second. As a result, the short term stability of these models is very poor, but their long term performance may be equivalent to models that discipline a quartz or rubidium. 

· Some GPS receivers are suitable for timing applications, but are not suitable as a frequency reference. For example, a receiver that produces a 1 pps output for timing applications, might do a poor job of producing standard frequencies like 5 and 10 MHz. In some cases, the 1 pps output is not in phase with the standard frequency outputs. You might find receivers with a specification for frequency uncertainty (5 and/or 10 MHz) of about 1 x 10-9, even if the specification for their 1 pps output is 100 ns. 

· Most receivers allow the use of a fixed position, after which no further positions are computed. However, some receivers cannot turn off position fixes, which makes them a poor choice for a frequency standard. Even though the receiver is stationary, it will appear to be moving, and the position errors will contribute large fluctuations to the frequency. 

· Since each GPS satellite is visible at a given location for a limited time, all GPS receivers must add and remove satellites from the group used to obtain time and frequency information. Often, adding and/or removing a satellite from the timing solution causes an instantaneous frequency change. Some receivers have much better "handoff" algorithms than others. 

· Different receivers handle GPS broadcast errors differently. For example, if a satellite is broadcasting bad data (such as PRN 5 on March 18, 1997), some receivers fail, and others do not. Some receivers have built-in software designed to remove "bad" data, but even these receivers might fail under certain conditions. 

GPS Error Sources

· GPS errors are a combination of noise, bias, blunders. 

· Noise errors are the combined effect of PRN code noise (around 1 meter) and noise within the receiver noise (around 1 meter). 

· Bias errors result from Selective Availability and other factors 

· Selective Availability (SA) 

· SA is the intentional degradation of the SPS signals by a time varying bias. SA is controlled by the DOD to limit accuracy for non-U. S. military and government users. The potential accuracy of the C/A code of around 30 meters is reduced to 100 meters (two standard deviations). 

· The SA bias on each satellite signal is different, and so the resulting position solution is a function of the combined SA bias from each SV used in the navigation solution. Because SA is a changing bias with low frequency terms in excess of a few hours, position solutions or individual SV pseudo-ranges cannot be effectively averaged over periods shorter than a few hours. 

· Other Bias Error sources; 

· SV clock errors uncorrected by Control Segment can result in one meter errors. 

· Ephemeris data errors: 1 meter 

· Tropospheric delays: 1 meter. The troposphere is the lower part (ground level to from 8 to 13 km) of the atmosphere that experiences the changes in temperature, pressure, and humidity associated with weather changes. Complex models of tropospheric delay require estimates or measurements of these parameters. 

· Unmodeled ionosphere delays: 10 meters. The ionosphere is the layer of the atmosphere from 50 to 500 km that consists of ionized air. The transmitted model can only remove about half of the possible 70 ns of delay leaving a ten meter un-modeled residual. 

· Multipath: 0.5 meters. Multipath is caused by reflected signals from surfaces near the receiver that can either interfere with or be mistaken for the signal that follows the straight line path from the satellite. Multipath is difficult to detect and sometime hard to avoid. 

· Blunders can result in errors of hundred of kilometers. 

· Control segment mistakes due to computer or human error can cause errors from one meter to hundreds of kilometers. 

· User mistakes, including incorrect geodetic datum selection, can cause errors from 1 to hundreds of meters. 

· Receiver errors from software or hardware failures can cause blunder errors of any size.

·  Noise and bias errors combine, resulting in typical ranging errors of around fifteen meters for each satellite used in the position solution. 

From Defense system to consumer product

Consisting of a constellation of twenty-four satellites and a satellite tracking network maintained by the Department of Defense, the GPS system was originally designed in the early 1970s to provide rapid timing and positioning for remote military users such as submarines.

Only a few government investments have paid off big for both businesses and average citizens. The Internet, for example, originally created as a military network that could withstand a nuclear war, now helps businesses create global information enterprises and allows people from all over the world to easily communicate with each other. 

GPS too was first conceived of as a strategic tool Consisting of a constellation of 24 satellites and a satellite tracking network maintained by the Department of Defense, the system was originally designed in the early 1970s to provide rapid timing and positioning for remote. With applications for network synchronization, vehicle location, navigation and asset tracking, small, inexpensive GPS receivers are taking advantage of a huge government infrastructure investment. military users, such as submarines. 

Since then, GPS receivers have become cheap enough and small enough to be carried by anyone In 1984, a commercial GPS receiver cost ($l40,000-today), GPS receivers are advertised as a $200 Father's Day gifts at discount stores. The receivers are commonly smaller than a credit card and use less than one watt of power. This makes them easy to integrate into hand-held devices and laptop computers. GPS antennas are small too often just thin disks, five centimeters in diameter.

Almost a Fee lunch 

The costs to the federal government for GPS system maintenance is more than off-set by the savings provided by the system to government operations. But this lunch isn't completely free. Under specific conditions, GPS will not provide a position. For instance, the 1,542 MHz GPS signal does not penetrate buildings, which makes it difficult to receive signals indoors. Also the signal can be critically weakened by heavy foliage and interfered with by other sources such as poorly maintained television broadcasting equipment. 

Paging systems require synchronized broadcast over their coverage area. Time synchronization, provided by GPS signals, of approximately 10 microseconds (transmitter to transmitter) is typically required. Utilizing only one GPS satellite, these systems can achieve synchronization of as little as 100 nanoseconds.
Accuracy is another issue The basic GPS horizontal position accuracy is 50 to 100 meters, and speed accuracy is one meter per second. While these levels are sufficient for many applications, other applications require more precise measurements. A technique called Differential GPS (DGPS), which measures the errors in GPS signals in real-time and broadcasts them to the receiver community is used for higher levels of accuracy. 

Currently, DGPS data services are available from private companies and the US Coast Guard and require a second datalink receiver The Federal Aviation Administration is in the process of launching a satellite that transmits a GPS-like signal containing the differential corrections. This will provide the accuracy improvement through the GPS receiver itself at no extra cost. 

Precision is part of the solution 

The time accuracy of the GPS solution is just like the position accuracy -- except scaled by the speed of light. For a state-of-the-art GPS timing receiver, time accuracy relative to the UCT is better than 100 nanoseconds--the time it takes light to travel 30 meters. Fifteen years ago, the only way to tie into the UCT network with high accuracy was to fly an atomic clock from one site to another. Now the transfer of time is provided efficiently by GPS. 

Beyond providing the to the UCT reference, GPS provides a cost-effective way to synchronize a communications network over a large area lntra-network synchronization is used to coordinate both the timing and frequency of the transmit/receive nodes to accuracy's previously available only through atomic clock technology leader ultra-stable but expensive cesium frequency standards or the less costly and less accurate rubidium cell. 

Synchronization solutions for wireless providers 

Several wireless applications rely on GPS for synchronization and frequency control and many other wireless technologies are looking very closely at incorporating GPS in next generation systems. Current use of GPS technology include paging systems, CDMA cellular communication systems and mobile platforms such as laptops and PDAs 

Paging systems broadcast synchronously within a coverage area. This strategy over-comes the relatively small antenna gain of pagers. Time synchronization of approximately 10 microseconds (transmitter to transmitter) is typically required. This level of accuracy is well within the capability of the GPS system. Even with selective availability (SA) turned on, 100 nanosecond RMS synchronization is achievable using only a single GPS satellite. CDMA cellular communication systems mandate the use of GPS for both time synchronization and frequency control CDMA systems require each cell be within few microseconds of the CDMA system time base (GPS time + the CDMA system time base). Frequency accuracy of parts per billion is required by CDMA. Again, GPS provides a cost effective solution. 

GPS improves the accuracy of atomic clocks 

Key parts of the infrastructure supporting wireless services like CDMA utilize GPS for time and frequency control. Stratum one clocks often found in a central office or regional switching center, are set by Rubidium cell atomic clocks. These relatively low-cost clocks are very stable but drift on UCT time slightly and GPS is used to constrain (or "discipline") this drift. Even though in the short term GPS is not minutely accurate, in the long term, GPS is never more than 100 nanoseconds off UCT time. Furthermore, Rubidium cell atomic clocks can use their own frequency stability to steer themselves to a long-term average of the GPS. This average is accurate to only a few nanoseconds. Before the deployment of GPS, such performance could only be achieved using high-cost Cesium frequency standard atomic clocks. 

GPS references are becoming the standard source of time for stratum one time servers as well. Stratum one time servers are used to synchronize computers attached to a TCP/lP network such as the Internet. Unlike stratum one clocks they do not have a strict time accuracy requirement but they must be tied directly to an absolute time source such as GPS or wide area radio time broadcasts (known as "WWV"). GPS, however, is more available, reliable and accurate than WWV. 

TCP/lP networks are becoming popular for communication infrastructure maintenance, as well as, for customer billing logs. Ericsson, a leading provider of wireless infrastructure equipment, will begin the use of TCP/IP time references to log usage for billing purposes in the near future. 

GPS to be rescue 

GPS receivers are already found in many automobiles. The migration to other mobile platforms is inevitable as prices and power consumption continue to fail. The addition of "location awareness" awakens many possibilities for the mobile user The ability to broadcast location data greatly adds to the utility of mobile communication devices, especially the ability to summon aid. Systems have been developed to automatically contact 911 and provide vehicle location when the airbag deploys after an accident. 

Additionally a knowledge of position greatly enhances the ability of wireless services to broadcast a wide range of ancillary data. The location of ATM machines, restaurants, hospitals and other services can be requested by and communicated to the mobile user. The user of a GPS-equipped communication device can have the convenience of custom yellow pages available, as well as, highly developed navigation aids. 

Trucking with GPS 

The greatest real-time commercial use of GPS is not "Where am i?" but rather "Where are they?" Commercial fleets are finding productivity improvement in GPS. The ability to quickly locate one's mobile assets allows quick and efficient re-deployment under changing conditions. This translates directly into improved productivity per unit. These improvements are especially appreciated. In public safety services, such as police, fire, and towing. 

Ambulance operators are adopting GPS as a method of tracking their vehicles. Accurate real-time vehicle tracking enables quick identification of the nearest ambulance to an emergency reducing time to respond to an emergency call. With a large fleet this reduction can be significant enough to reduce the active fleet size while maintaining the desired response time, more than enough savings to offset the cost of GPS. 

Not just for latitude and longitude 

The GPS receiver position fix provides latitude, longitude and altitude, but people don't think in terms of mathematical models of the Earth's surface. Information must be provided in terms of directions, landmarks and addresses. Detailed map databases are required that describe each feature in detail with its latitude and longitude coordinates. This need has spawned an industry in develop-GPS receivers and the need for detail databases linking map features with precise latitude, longitude ad altitude coordinates have spawned an industry is developing, upgrading and updating maps using GPS receivers to position-tag the data collected in the field. A direct benefit to wireless services is in maintaining maps of their fixed assets, such as broadcast and relay towers, which can be "named" precisely by their GPS coordinates. One of these "fixed assets" is the received power in the distribution area. Wireless services are continuously maintaining the reliability and availability of their signal in their service areas with mobile test equipment position-tagging the collected data with GPS. 

Conclusion
Future of GPS

It is often forgotten that GPS is still a military device built by the Department of Defense at a cost of $12 billion and intended primarily for military use.That fact has led to one of the few controversies surrounding the remarkably successful system. As with any new technology, progress brings risk, and GPS potentially could be used to aid smugglers, terrorists,or hostile forces. The Pentagon made the GPS system available for commercial use only after being pressured by the companies that built the equipment and saw the enormous potential market for it. As a compromise, however, the Pentagon initiated a policy known as selective availability, whereby the most accurate  signals broadcast by GPS satellites would be reserved strictly for military and other authorized users. GPS satellites now broadcast two signals: a civilian signal that is accurate to within 100 feet and a second signal that only the military can decode that is accurate to within 60 feet. The Pentagon has also reserved the ability to introduce errors at any time into the civilian signal to reduce its accuracy to about 300 feet.In March 1996, the White House announced that the higher level of GPS accuracy will be made available to everyone, and the practice of degrading civil GPS signals will be phased out within a decade. The White House also reaffirmed the federal government’s commitment to providing GPS services

for peaceful civil, commercial, and scientific use on a worldwide basis and free of charge.

The future of GPS appears to be virtually unlimited; technological fantasies abound. The system provides a novel, unique, and instantly available address for every square yard on the surface of the planet—a new international standard for locations and distances. To the computers of the world, at least, our locations may be defined not by a street address, a city, and a state, but by a longitude and a latitude. With the GPS location of services stored with phone numbers in computerized “yellow pages,” the search for a local restaurant or the nearest gas station in any city, town, or suburb will be completed in an instant. With GPS, the world has been given a technology of unbounded promise, born in the laboratories of scientists who were motivated by their own curiosity to probe the nature of the universe and our world, and built on the fruits of  publically supported basic research.

1. Society has a tendency to take the best technologies and make them indispensable then almost invisible. GPS gives the world accurate time to nanoseconds and accurate position to meters without high-cost precision equipment The ultimate applications are difficult to predict. GPS is already the most reliable and cost-efficient method for creating maps, synchronizing telecommunications systems, positioning car navigation systems and reporting locations to tracking and emergency systems. Shrinking in size, weight power and cost-GPS is following the classic electronics trend and with each step, a new set of users find they can profit from the technology. ·
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