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ABSTRACT 

Over the past decade, the Global Positioning System has become increasingly advanced

and useful. Today's capabilities are remarkable and stretch the boundaries for future

innovation. In the report (and slide show), we have briefly covered the history of

navigation, leading to GPS. We have then given a detailed explanation of how it works,

mentioning the errors involved and correction techniques. This has leaded us to a

discussion of where we are today, covering applications such as navigation, mapping,

tracking, and timing. Moving on, we have taken a glance at where we are headed with

this technology, considering such systems as Differential GPS. Regulations were

placed on accuracy for security reasons, and only recently have they been removed.

Now the envelope is being pushed to the point where engineering dreams of today ·will

be a reality tomorrow.
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INTRODUCTION 

This project is about the Global Positioning System (GPS) and its many

applications. The history of navigation and how GPS works are important for

understanding this project and so each has its own section within the project. How it

compares to other navigational systems and its uses outside of navigation will be

discussed as well. The goal of this project is to explain how GPS technology is affecting

society. This project is intended for anyone who:

- uses GPS in their job.

- Uses GPS for leisure activities,

- is curious about the applications, or

- is curious about how it works,

actually, this project is for everyone since GPS affects us all whether we directly use it

or not.

Ultimately, this project conveys that GPS is not just a navigational system. A good

analogy is the clock which was originally used as a navigational tool. Since stars look

different at different times, people who used celestial navigation needed to know what

time of night it was. The market forecasters shortly after the invention of the clock

probably could not have imagined the impact that timekeeping would have on the world

or the other products and services that this technology would someday make possible.

The same situation can be found now with GPS. In fact, it was first intended for military

use but is now meeting numerous civilian needs as well. We can only guess at some of

the eventual uses that this relatively new technology will bring about.
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1- GPS OVERVIEW 

· I.I What is GPS?

The Global Positioning System (GPS) is a space age navigational system that

can pinpoint your position anywhere on the globe, usually within a few yards or meters.

This amazing technology is available to everyone, everywhere, day and night, and best

of all, at no cost for use of the navigational data. GPS uses a constellation of 24

satellites in precise orbits approximately 11,000 miles above the earth. The satellites

transmit data via high frequency radio waves back to Earth and, by locking onto these

signals; a GPS receiver can process this data to triangulate its precise location on the

globe.

GPS operates 24 hours a day, in all weather conditions, and can be used

worldwide for precise navigation on land, on water and even in the air. Some of its

many current applications include: boating, fishing, hunting, scouting on land or from

the air, hiking, camping, biking, rafting, pack trips by horseback, hot air ballooning,

general aviation, snowmobiling and skiing, search and rescue, emergency vehicle

tracking, 4 wheeling, highway driving and a host of other outdoor activities where

accurate positioning is required.

1.2 History of GPS

The global positioning system is designed by the Department of Defense and the

Department of Transportation of the United States of America. On April 27, 1995 the

system, containing 24 operational satellites, was formally declared as having met the

requirement of Full Operation Capability. Since then, the system has been taken into

full use. The US-DoD initially designed the GPS system for military use only, including

some civil use on a subscription-like base in the beginning of 1978.

In 1983 flight 007 of Korean Airlines crashed due to lack of accurate navigational

equipment former President Reagan allowed the use of the SPS signal for use in aero

planes and other transportation application
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For the use of SPS system the differential GPS system (DGPS) was designed.

In 1995 an agreement Was made between the US-DoD and the US Department of
Transportation regarding wide area broadcasts. Following this agreement, the Federal

Aviation Administration ( FAA ) concluded negotiations regarding the development of

an own DGPS service. The Wilcox Company got the $474 million contract for the Wide

Area Augmentation System (WAAS). This system has typical DGPS classifications.

1.3 Who can use GPS?

GPS has a civilian and military user community. Although GPS is funded by the U.S.

DoD, civilians worldwide can use GPS' Standard Positioning Service (SPS) provided a

proper receiver is used. SPS provides positional accuracy of 10 meters in 2-D space

with 95% confidence. The U.S. Military and its allies use a more highly accurate service

called Precise Positioning Service (PPS) that is capable of accuracy within ten meters in

3-D space with 95% confidence.

1.4 Controlling the System

The GPS satellites are controlled by a master control station which is located at the

Falcon Air Base in Colorado Springs, Colorado, USA. There are several other remote

monitor stations, which send their information to the master control station. These

stations are able to track and monitor each satellite for 21 hours a day, resulting in 2

periods of 1,5 hours when the satellite is on the other side of the earth, out of reach for

that ground station The master station uploads the data which is necessary for proper

operation of the satellite, like ephemeris and clock data to the satellites. The satellites

send down subsets of the orbital ephemeris data.

1.5 The Russian Alternative for GPS

There is a Russian system similar to GPS, called GLONASS, which comes from

GLObal NAvigational Satellite System. The GLONASS system has much in common

with the GPS system. Both employ 24 satellites, are operated by the Departments of

Defense of the two federations, and transmit spectrum signals at two frequencies and

have pledged a partial signal available for civil use without any costs.

Next to the similarities, there are some differences. The GPS system, for instance, uses
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6 orbital planes, while the GLONASS system uses only 3. Also, the GPS system is fully

operational, while GLONASS ıs not (yet).

1 .6 What magic makes GPS work?

GPS is a second generation, satellite-based, positioning system that ıs available

anywhere and anytime and is capable of measuring land, air and sea positions with

millimeter accuracy. GPS is referred to as a system because itis an assemblage of three

distinct components or segments: Space, Control, and User, see figure I. I.

The Space Segment refers to the constellation of satellites and the navigational data they

provide. The Control Segment refers to monitoring and updating of the satellites' clocks

and navigational messages by a master control station that uses five regional monitoring

stations distributed around the world. Lastly, the User Segment refers to the GPS

receivers that calculate the time required for a radio signal to travel from the visible

satellites to the receiver in order to measure its position using a technique called

triangulation.

Fig 1.1 segments
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1.7 How accurate is GPS?

Standard Positioning Service (SPS) provides civilians with positional accuracy of l 00

meters in 2-D space with 95% confidence. Modified GPS, such as Differential GPS, can

provide much greater accuracy than SPS, but has cost and feature limitations. The U.S.

Military and its allies use a more highly accurate service called Precise Positioning

Service (PPS) that is capable of accuracy within ten meters in 3-D space with 95%

confidence.
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2-DATA TRANSMISSION 

2.1 Positioning with GPS

There are essentially two broad categories of GPS positioning which can be described

as real-time navigation and high precision carrier phase positioning. Navigation uses a

minimum of four pseudorange measurements to four satellites which are used to solve

for the three-dimensional coordinates of the receiver and the clock offset between the

receiver oscillator and GPS system time. An extension to this mode is differential GPS

(DGPS) which again uses the pseudorange observable for positioning, but also

incorporates real-time corrections for the errors inherent in the measurements.

The second category uses the much more precise carrier phase observations to compute

baselines between two locations. Since the two carriers have short wavelengths (19 and

24 cm for Ll and L2 respectively), they cannot be used in the same manner' as the

pseudorange. The whole number of complete wavelengths (integer ambiguities)

between the satellite and receiver must first be determined and this is carried out by post

processing (static) or in Real-Time (RTK) using linear combinations of the two

frequencies and differencing techniques.

Differences between these two modes are becoming less distinguishable. Combiningahe

pseudorange with the phase data reduces the noise error within the pseudorange

measurement resu'lting in a much higher positioning accuracy. New techniques are also

being developed to solve for the integer ambiguities in a single epoch leading to very

high baseline positioning in real-time. These are known as on-the-fly or fast ambiguity

resolution techniques have already proved to provide accuracies of less than 1 cm on

moving platforms over short baselines.
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2.2 The Satellites

The satellites themselves are relatively large, using a multi-purpose military platform

used for purposes other than global positioning, such as atomic flash detection. Each is

designed to last i /2 years, Twelve antennas point toward the Earth, and two solar arrays

toward the Sun capable of generating 700 Watts, to drive the satellite's navigation

transmitters, its four atomic clocks, and its momentum wheels. The latest generation of

satellites are designated 'Block II'.

2.3 Navigation I Broadcast Data Message

The data message includes information describing the positions of the satellites, their

health status, and the hand-over-word.

Each satellite sends a full description of its own orbit and clock data (within the

ephemeris information) and an approximate guide to the orbits of the other satellites

(contained within the almanac information).

The data is modulated at a much slower rate of 50 bps and thus it takes 12.5 minutes to

transmit all of the information. To reduce the time it takes to obtain an initial position,

the ephemeris and clock data is repeated every 30 Seconds (Langley, 1990).

Parameters representing the delay caused by signal propagation through the ionosphere

are also included within the data message.

2.4 The GPS data format & modulation

This section describes the format in which the GPS data is arranged when sent from the

satellites to the GPS receivers,

• The data is split up in frames of 1500 bits.

• One frame exists of 5 subframes (300 bits).

• One subframe exists of 1 O words (30 bits).

Suppose the datarate is 50 bits I second.
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Then the duration becomes:

• Word= 0.6 seconds

• Subframe = 6 seconds

• Frame= 30 seconds

The databits are synchronized with the PlcN'code. The PRN-code and the data are

modulated with different frequencies on the carrierfrequency. Used in GPS this PRN­

code (with a length of 1023 chips, and with a frequency of 1.023 MHz) has a duration

of I millisecond, So with a datarate of 50 bits/s exactly 20 codes fit in one data bit. The

PRN-code provides the system with a unambiguous >measurerange. 20 PRN-codes

(take 20 ms) correspond therefore with (0.02 [s] * 300*106 (speed of light [m/s]) =)

6000 km. Every subframe (300 bits) is preceded by a good recognizable word, so the

unambiguous range becomes (300 * 6000 =) I 800000 km. In practice this means that

the receiver on earth cannot be wrong measuring the phase of the GPS signal.

2.4.1 PRN codes

This section describes the principle of the PRN code that is used and its use for GPS.

PRN stands for Pseudo Random Noise. In normal Ianguage it means something like:

"Random Noise at first sight, but in fact it's not". The code consists of a long series of

bits (O's and l's). At first sight there doesn't seem to be a regular pattern in the bits. But

there is! The codes-patterns used for GPS repeat themselves after the 1023rd bit. These

codes can be easily made with very few digital elements. For the 1023 bit paııem 1 O

shifting registers and some digital adders are needed. In general with n shifting registers

a series of 2n -1 bits can be generated. For n = 10 this will become 1024 (= 210) - 1 =

1023 bits. The codes are generated with a speed of 1.023 MHz (or 1023000 bits per

second). An example with four shifting elements is given in figure2. I.
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Digital adder:
D+(,::0
i+l=Cl
o+ı =1

I i C= I

Output IF 4: (Vıiith ırunal states of f:ı-'s I I I I J
.•. rı 111 Ol ()l ı ontoot I I HJI m ıom oo: I 'I HL

I --Ii'= i
the code repests efter 1 5 bits...

,, 511ifnng element (Flipflop J t
..ı:ı. t everv clock pulse the input is shifted to the oı ıtpırr.

Fig 2.1 shifting element

The GPS satellites broadcast the PRN codes mixed (see the figure2.2) with the other

GPS information, like orbital- (also called ephemeris-) and clock-parameters, but also

parameters concerning the other satellites. By mixing the FRN-code with the 50 Hz data

data the total signal is spread out over a broad part of the spectrum. This technique is

called spread spectrum. This section won't go very deep in this complex matter, but the

result is that the signal power is very low, even beneath the noise floor. In other words:

it has become very hard to distinguish the signal from noise (that is always present on

signals).

GPS can ierwave of l .'5 GHz mixer
Signal broadcasted

--------.. by satellite

Mhlt/ second PRi\J signal
Jlll:1, nıod2 adder

,{t
·so bits,' second GPS data signal j

--·-.. r-····-·--1_-nr14r~Lr·· _,___ -·------·----J

Fig 2.2 PRN codes mixed
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When the GPS signals are received by the user of GPS, the PRN-code and GPS data

have to be separated. This is done by again mixing the received şignal with a locally

generated PRN-code. This must be the same PRN-code which has been generated in the

satellite. It is important that equal parts of the code are mixed with each other. Therefore

the code generated in the receiver must be shifted in time until the two codes are exactly

synchronous. In this special case when the receiver 'locks' (also referred as full

correlation) the two codes can block each other out and the GPS-data remains and can

be further processed. This method is called despreading.

Partial CmT.
ı ü:OüuımııuoHl ü)ıJ

Pull Corr. 

Fig 2.3 correlation

Every satellite has its own unique PRN-code so that the GPS receiver can distinguish

the signals from various satellites. GPS receiver are able to generate 32 PRN-codes.

Until now so many satellites have not been launched.

When the GPS receiver has to start up it doesn't know which GPS signal is from which

satellite. Therefore it tries to lock with the 32 known PRN-codes one by one. If one

code locks then the information of one satellite can be decoded. This information also

contains data about other satellites and the rest can soon be received too.

The main reason for using PRN codes in the GPS system is that the PRN code enlarges

the unambiguous measurement range. One must keep in mind that after 1023 bits the
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code is repeated. It is case that the GPS-receiver is aware it is 'looking' at the right code

and not at its predecessor or successor. Looking at the wrong code gives a navigation

error of 300 km (corresponding to the code length of 1 millisecond).

2.5 The Segments

The operation of GPS is -split into three segments. The space segment is composed of

the 24 Block II Navstar satellites that transmit precisely timed pulses of code and orbital

data. The control segment helps keep track of the satellites with monitoring stations to

find their exact orbit and any clock errors and hence correct the satellite's own data if

necessary. Finally the user segment consists of all of the receivers located on the

ground, or in aeroplanes, or in ships.

Fig 2.4 GPS consists of three major segments: the space segment, the user segment, and

the control segment
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