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Introduction 
This paper presents information about the Global Positioning System, also known as GPS. The 

definition of it, along with a brief background, characteristics, overall description of how it 

works will be also shown. 

After that, I will be able to present how this system has been evolving and the different 

applications that can be found nowadays, as this is the main topic of my paper. 

For the last part, I describe what is expected in the future from the GPS and what is being 

planned now for its improvement. Therefore, as a summary I include the main benefits of the 

GPS. 
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Background 
The Global Positioning System, also named GPS, is a Global Navigation Satellite System (GNSS) 

that was first created by the Department of Defense (DoD) of the United States at the 

beginning of the 1970’s. Practically, at the beginning this was developed for fulfilling the 

necessities of military purposes of the USA. Later on, it started being available for the civilians. 

So, nowadays is used for both military and civilians as well, because is the only functional GNSS 

in the world, that can be used freely by anyone, anywhere.  

As this system is based on Satellites, during the decade of the 70’s and 80’s, the USA started 

launching experimental blocks of satellites, but it was not until December 1993 that GPS 

achieved its initial operational capability (IOC). So, by 1994 a 24 satellite constellation was 

already in orbit. 

The GPS system was officially declared to have achieved full operational capability (FOC) on 

July 1995, with main purposes such as an aiding tool for navigation worldwide, map-making, 

land surveying, commerce, science, tracking, surveillance, among others.  

Assisted GPS for mobile phones was first available by 2004 and Qualcomm made the 

announcements because they ran the tests for the development of wireless location-based 

services. 
1
 

Definition 
The definition provided by the Government of the USA is: “The Global Positioning System 

(GPS) is a U.S.-owned utility that provides users with positioning, navigation, and timing (PNT) 

services. This system consists of three segments: the space segment, the control segment, and 

the user segment. The U.S. Air Force develops, maintains, and operates the space and control 

segments.”
 2

 

Nowadays, for anyone with a GPS receiver, the system will provide location and time. People 

can buy GPS handsets that are already available in several stores around the globe. With any 

GPS receivers, users can accurately locate where they are and navigate to where they want to 

go, whether walking, driving, flying, or boating.  

GPS has become practically the most important tool for transportation systems worldwide, but 

daily activities like banking, mobile operations, and control of power grids are also facilitated 

by the accurate timing provided by the GPS.  

                                                             
1
 From 3G.co.uk. (n/d). http://www.3g.co.uk/PR/November2004/8641.htm 

2
 From National Space-Based Positioning, Navigation, and Timing Coordination Office. (n/d). 

http://www.gps.gov/ 
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GPS: How it works 
As mentioned in the Background, the GPS consists of a constellation of 24 operational 

satellites, known as the Initial Operational Capability (IOC). To ensure continuous worldwide 

coverage, GPS satellites are arranged so that four satellites are placed in each of six orbital 

planes and with this geometry, only four satellites are needed to provide positioning (location) 

information. 

A GPS receiver calculates its position by precisely timing the signals sent by the GPS satellites 

high above the Earth. Each satellite continually transmits messages containing the time the 

message was sent with precise orbital information. Geometric “trilateration” is used to 

combine these distances with the location of the satellites to determine the receiver's 

location. 
3
 

Four satellites are required for an accurate transmission, because very small clock error 

multiplied by the speed of light (the speed at which satellite signals propagate) results in a 

large positional error. Therefore receivers use four or more satellites to solve for x, y, z, and t 

planes, which is used to correct the receiver's clock. (Figure 1) 

 

 

                                                             
3
 From: Kowoma. De. (2009). http://www.kowoma.de/en/gps/signals.htm 
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Figure 1: The GPS System
4
 

 

 

The arrangement of the satellites is in an almost circular orbit. (Figure 2) 

 

 

Figure 2: GPS Constellation
5
 

 

It must be remarked that, GPS provides actually a 3D location: latitude, longitude and altitude, 

and time. 

The GPS system consists of three types: Space Segment, Control Segment and User Segment, 

and all are described next.
6
 

• The space segment (SS): 

SS consists of a nominal constellation of 24 operating satellites that transmit one-way 

signals that give the current GPS satellite position and time. The orbits are arranged so 

that at least six satellites are always “visible” from almost everywhere on Earth's 

surface. Each GPS satellite transmits a signal, which has a number of components: two 

carrier frequencies, two digital codes and a navigation message. The codes and the 

navigation message are added to the carriers as binary modulations. The carriers and 

the codes are used mainly to determine the distance from the user’s receiver to the 

GPS satellite.  

 

• The control segment (CS): 

                                                             
4
 Image modified from: Dana, P. (1998) from 

http://www.colorado.edu/geography/gcraft/notes/gps/gif/figure05.gif 
5
 From El-Rabbany, A. (2002). Introduction to GPS, the Global Positioning System. 

6
 From National Space-Based Positioning, Navigation, and Timing Coordination Office. (n/d). 

http://www.gps.gov/systems/gps/index.html 
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CS consists of worldwide monitor and control stations that maintain the satellites in 

their proper orbits through not frequent command military exercises, and adjust the 

satellite clocks. It locates the GPS satellites, uploads updated navigational data, and 

maintains the health and status of the satellite constellation. (This is mainly done by 

using the ground antennas at Ascension Island, Diego Garcia, Kwajalein, and Colorado 

Springs in the USA) The tracking information is sent to the Air Force Space Command's 

master control station at Schriever Air Force Base in Colorado Springs. 

 

• The user segment (US): 

US consists of the GPS receiver equipment, which receives the signals from the GPS 

satellites and uses the transmitted information to calculate the user’s position (3D) 

and time. Generally, 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. Receivers can interface with other devices using methods including a serial 

connection, USB or Bluetooth. 

 

Applications 

Military 

The general military applications of GPS include for example: 

For navigation, GPS allows soldiers to find objectives in the dark or in unfamiliar territory, and 

to coordinate the movement of troops and supplies.  

In target tracking, various military weapons systems use GPS to track potential ground and air 

targets and also for missile and projectile guidance, GPS allows accurate targeting of various 

military weapons. 

On the other hand, military use GPS extensively to aid mapping and exploration.  

 

Civilian 

Automobiles, roads & highways 

The GPS offers increased efficiencies and safety for vehicles using highways, streets, and mass 

transit systems.  

“A geographic information system (GIS) stores, analyzes, and displays geographically 

referenced information provided in large part by GPS. Technically, GIS includes mapping 

software and its application with remote sensing, land surveying, aerial photography, 

mathematics, photogrammetry, geography, and tools can be implemented with GIS software. 

Today GIS is used to monitor vehicle location, making possible effective strategies that can 



GPS Applications 

Jaime Navarrete Ortiz. 232477 

 

8 

keep transit vehicles on schedule and inform passengers of precise arrival times. Mass transit 

systems use this capability to track rail, bus, and other services to improve on-time 

performance.”
7
 That is why GIS combined with GPS can display geographic information that 

can automatically transmit data to display screens or computers. 

GPS tracking devices can be used to navigate your car when you are in the traffic and find in an 

easier way to any destination. Many Automobile GPS Systems come with preloaded 

destination settings or points of interest (POI) that provide directions to attractions, for 

example, they can point where you can find: gas stations, hotels, motels, and lodges. For 

vacation travel, or any other time you need to map out a course for traveling, the system has 

course-planning functionality. Also, these units often display information about location, 

speed, direction. 

For logistics, is also important and widely used for the tracking and forecast of freight, so they 

can know if a truck is running late for example. 

Research is done nowadays to provide warnings to drivers of potential critical situations, such 

as traffic violations or crashes. 

 

Aviation 

With GPS, we are able to increase the safety and efficiency of flight. Space-based position and 

navigation enables 3D position determination for all phases of flight since departure to the 

arrival at airport. For example, when there is not enough data, such as in oceans, with GPS it is 

possible to safely reduce the separation between airplanes, allowing more aircraft to fly more 

favorable and efficient routes, saving time, fuel, and increasing cargo. 

On the safety aspect, this is increased thanks to the satellite signals augmentation (which will 

be explained later) for special aviation applications, such as landing planes during poor 

visibility conditions. In those cases, even greater precision operations are possible. 

 

Marine 

The GPS can be used to navigate all of the world's lakes, seas and oceans.  

GPS provides the fastest and most accurate method for mariners to navigate: you are able to 

measure speed and determine location. In first place, it is used to get accurate information of 

the vessels: availability, location, etc., to ensure that the ship will reach its destination in the 

safest; most economical and punctual way that is possible. Maritime units with GPS devices, 

contain an application named “man overboard” (MOB) which allows instantly marking the 

location where a person has fallen overboard to simplify rescue efforts. 

                                                             
7
 From National Space-Based Positioning, Navigation, and Timing Coordination Office. (n/d). 

http://www.gps.gov/applications/roads/index.html 
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The applications in sea are going further by using GPS data for underwater surveying, buoy 

placement, and navigational location and mapping. For the commercial part, in fishing, fleets 

use GPS to navigate to optimum fishing locations, identify fish migrations, and ensure that all 

regulations are being followed. And also, GPS facilitates the automation of the pick-up, 

transfer, and placement process of containers by tracking them from port entry to exit, so we 

can track the units and reduce losses. 

 

Emergencies 

Incorporation of GPS in mobile phones places an emergency location capability in the users. 

Today’s widespread placement of GPS location systems in passenger cars provides another 

bound in developing a comprehensive safety net. For example, GPS equipped cell phones can 

transmit precise locations if someone is calling 911 and the users don’t know the exact address 

of where they are and so they can be helped. This may be even helpful for tracking children. 

In the automobile: “OnStar” by GM for example uses GPS to track vehicles.
8
 

 

Public Safety & Disaster Relief 

Knowing the precise location of landmarks, streets, buildings, emergency service resources, 

and disaster relief sites reduces time and saves lives. This information is critical to disaster 

relief teams and public safety personnel so they can achieve their goal of protecting life and 

reduce property loss. GPS has played an important role in relief efforts for global disasters 

(hurricanes, tsunamis, earthquakes, etc.) and for mapping the disaster areas for rescue aid 

operations and assess damage. Also, using the precise position information provided by GPS, 

scientists can study how strain builds up slowly over time in an attempt to characterize, and in 

the future perhaps anticipate earthquakes, anyway, seismic monitoring networks enables 

researchers to quickly locate the epicenters of earthquakes and other seismic events. 

 

Surveying and Mapping 

The GPS is used for surveying because we can position survey markers, buildings, and road 

construction. Besides, GPS provides 3D information for natural and artificial features that can 

be displayed on maps and models of the world, such as: mountains, rivers, forests, endangered 

animals, precious minerals and many other resources. That is why also GPS together with GIS 

are used for timely decision-making and wiser use of resources, and because it yields highly 

accurate surveying results in real-time at the centimeter-level.  GPS is unaffected by rain, wind, 

or reduced sunlight, and is rapidly being adopted by professional surveyors and mapping 

personnel throughout the world. 

 

                                                             
8
 From GMC website (2009). http://www.onstar.com/us_english/jsp/ovd/index.jsp 
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Agriculture and Farming 

In this area, GPS is used for precision farming, which includes: soil sample collection, chemical 

applications control, harvest yield monitors, farm planning, field mapping, tractor guidance 

and crop scouting. (Figure 3) 

 

 

Figure 3: GPS for precision farming
9
 

 

Before, it was difficult for farmers to correlate production techniques and crop yields with land 

variability.GPS allows farmers to work during low visibility field conditions such as rain, dust, 

fog, and darkness. Nowadays, precision agriculture is more popular because of the 

introduction of high technology tools into the agricultural community that are more accurate, 

cost effective, and user friendly. Most of the new tools include: the integration of on-board 

computers, data collection sensors, and GPS time and position reference systems. This is also 

aided by the GIS. 

 

Recreation and Fun 

GPS technology together with electronic mapping has helped to overcome much of the 

traditional problems associated with unbounded exploration. “GPS handsets allow users to 

safely traverse trails with the confidence of knowing precisely where they are at all times. 

Hikers, bicyclists, and outdoor adventurers are increasingly relying on GPS instead of 

traditional paper maps, compasses, or landmarks.”
10

 

 

 

                                                             
9
 Image from El-Rabbany, A. (2002). Introduction to GPS, the Global Positioning System. 

10
 From National Space-Based Positioning, Navigation, and Timing Coordination Office. (n/d). 

http://www.gps.gov/applications/recreation/index.html 
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Skydiving  

Mainly it is used to aid the pilot to find the "spot" the plane must have relative to the drop-

zone that will allow all skydivers on the load to be able to fly their canopies back to the landing 

area. 

Geocaching 

“Geocaching is a high-tech treasure hunting game played throughout the world by adventure 

seekers equipped with GPS devices. The basic idea is to locate hidden containers, called 

geocaches”
11

. A typical cache is a small waterproof container containing a "treasure” (usually 

toys or something of little value) 

Photography
12

  

New GPS-enabled cameras can also annotate them with precision coordinates which mark the 

location of your photos. These annotations can be very useful in science field work, real estate, 

law enforcement and many other areas. 

 

Timing within Business 

Precise time is crucial to a variety of economic activities around the world. Communication 

systems, electrical power grids, and financial networks all rely on precision timing for 

synchronization and operational efficiency. The free availability of GPS time has enabled cost 

savings for companies that depend on precise time and has led to significant advances in 

capability. 

Banks and Businesses 

Major investment banks use GPS to synchronize their network computers located around the 

world. Large and small businesses are turning to automated systems that can track, update, 

and manage multiple transactions made by a global network of customers, and these require 

accurate timing information available through GPS. 

Power Companies 

Power companies and utilities have fundamental requirements for time and frequency to 

enable efficient power transmission and distribution. Analyses of power blackouts for 

example, have led many companies to place GPS-based time synchronization devices in power 

plants and substations. By analyzing the precise timing of an electrical anomaly as it 

propagates through a grid, engineers can trace back the exact location of a power line break. 

Marketing 

Some companies from the market research area have combined GPS systems and survey 

based research to help them to decide where to open new branches, and to target their 

advertising according to the usage patterns of roads and the socio-demographic attributes of 

residential zones. 

                                                             
11

 From Geocaching - The Official Global GPS Cache Hunt Site. (2009) http://www.geocaching.com/ 
12

 From Akerman, R. (2007). http://www.chebucto.ns.ca/~rakerman/geocode-photos.html 
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Helping GPS 

Sometimes the requirements of users of positioning, navigation, and timing (PNT) go beyond, 

and that is why a number of augmentations to the Global Positioning System (GPS) are 

available. “An augmentation is any system that aids GPS by providing accuracy, integrity, 

reliability, availability, or any other improvement to positioning, navigation, and timing that is 

not inherently part of GPS itself.”
13

 

Some of this Augmentation Systems include: Nationwide Differential GPS System (NDGPS), 

Wide Area Augmentation System (WAAS), Continuously Operation Reference Station (CORS), 

Global Differential GPS (GDGPS), International GNSS Service (IGS). (Figure 4) 

 

 

Figure 4: GPS Augmentations
14

 

 

There is also the advantage that GPS does not require intervisibility between stations and even 

when a sign of GPS can be hampered, like in an urban canyon, GPS can be successfully used 

with other equipment. For example, a system that can augment GPS to ensure accuracy at all 

times is a pseudolite (pseudo satellite) system, which is a ground-based electronic device that 

transmits a GPS-like signal that can be acquired by a GPS receiver. (Figure 5) 

 

                                                             
13

 From National Space-Based Positioning, Navigation, and Timing Coordination Office. (n/d). 

http://www.gps.gov/index 
14

 Image from National Space-Based Positioning, Navigation, and Timing Coordination Office. (n/d). 

http://www.gps.gov/systems/augmentations/index.html 
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Figure 5: GPS/Pseudolite Integration
15

 

 

The Future of GPS 
As I have described so far, GPS has numerous applications in land, marine and air navigation. 

Vehicle tracking and navigation are rapidly gowning applications. It is actually expected that 

the majority of GPS users will be in vehicle navigation. (Figure 6) 

 

 

Figure 6: “Real World” uses of GPS
16

 

 

                                                             
15

 Image from El-Rabbany, A. (2002). Introduction to GPS, the Global Positioning System. 
16

 Image from: http://www.squidoo.com/globalpositioningsystem 
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“Research is underway to provide warnings to drivers of potential critical situations, such as 

traffic violations or crashes.”
17

 

In the future, other uses of GPS include automatic machine guidance and control for example, 

where hazardous areas can be mapped efficiently and safely using remotely controlled 

vehicles.  

The USA government made the decision of modernizing GPS for the growth of new 

applications that still remain to be developed. 
18

 This includes for example, their commitment 

for the implementation of a second and a third civil signal on GPS satellites. The second civil 

signal will improve the accuracy of the civilian service and supports some safety-of-life 

applications. The third signal will further enhance civilian capability and is primarily designed 

for safety-of-life applications, such as aviation.  

 

Summary: Why use GPS? 
GPS has been evolving through time and has helped in the surveying, navigation, agricultural, 

military fields since it was started to being used. Despite of the fact that at the beginning was 

designed for military purposes, the civil applications have grown faster and it actually 

nowadays more recognized. 

As explained in all the applications mentioned, GPS has replaced the conventional methods, 

because it has been found to be a cost effective process, time saving tool and in general, to 

make transactions and procedures more accurate and fast.  

“New uses of GPS are invented every day and are limited only by the creativity of the human 

imagination.”
19

 

 

 

 

 

 

 

 

                                                             
17

 From National Space-Based Positioning, Navigation, and Timing Coordination Office. (n/d).  

http://www.gps.gov/applications/roads/index.html 
18

 Langley, R.B., (August, 1991). 
19

 From National Space-Based Positioning, Navigation, and Timing Coordination Office. (n/d). 

http://www.gps.gov/ 
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