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Introduction to Global Satellite 
Positioning System (GPS)

Jenq-Muh Hsu
National Chiayi University, Chiayi, Taiwan, R.O.C.

inTroducTion

Understanding the right positions and directions of 
people and objects is a significant issue from the 
ancient eras to the present. In the past, people often 
launched a war in order to satisfy the craving for the 
dominating powers and spread their realms. When 
the army is marching during the fighting, it does 
not allow the army to get lost in the woods or the 
dense fog. It needs a method or a tool to offer the 
army to navigate and move to the right place.

South Pointing Chariot (South Pointing Chariot, 
2009) invented in the ancient Chinese civilization 
is a complex-gearing mechanism without using 
the magnet to point the same direction while the 
chariot is around in any movement. South Point-
ing Chariot only moves on the ground, it can not 
be used to point the right direction whiling sealing 
due to the no effect of gearing operation on the sea. 
The other usual positioning and navigating tool is 
the compass.

The compass has the magnet which can interact 
with the magnetic field of the earth to always point 
the same position in north. Although the actual 
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Understanding the right positions and directions of people and objects is a significant issue from the 
ancient eras to the present. In the past, people often launched a war in order to satisfy the craving for 
the dominating powers and spread their realms. In the recent, Global Satellite Positioning System (GPS) 
has become the one of most popular positioning technologies. GPS can provide users precise position-
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positioning is a magnetic North Pole, not a true 
North Pole, it is enough to use in positioning 
and navigation. Therefore, the compass has been 
widely used in many positioning and navigating 
applications. The compass still has a little ac-
curate positioning problem affected by magnetic 
interference in natural environment, but it has no 
serious influence on using the compass.

Nowadays, the most famous positioning and 
navigation service is Global Satellite Position-
ing System (GPS) (Global Positioning System, 
2009; EI-Rabbany, 2002; Kaplan et al., 2006). 
It uses the satellites orbiting around the earth in 
space to broadcast positioning signals. A GPS 
receiver receives the signals and calculates out its 
current position. That is, GPS provide a world-
wide positioning and navigation service for any 
kind of communication and transportation, such 
as aircrafts, vessels, vehicles, pedestrians, etc. 
GPS is developed by the U. S. Department of 
Defense (DoD) in early 1970s. At the beginning 
of constructing GPS, it is only used for military 
purpose, but it has freely opened for civilian use 
on July 2000s. Therefore, GPS is now a dual-use 
system that can be accessed by both military and 
civilian users in various positioning precision 
for some national security factors considered by 
U.S. government.

As mention above, vehicles having built-in 
GPS navigation system will be a main trend to 
provide the driving assistance and navigation ser-
vice in the future. In next section, we will describe 
the principle of GPS system in detail.

principle oF global 
posiTioning sysTem

The GPS is a satellite-based positioning and 
navigation system. GPS provides continuous po-
sitioning and timing information anywhere in the 
world under any weather conditions. GPS is also a 
passively one-way ranging system and it can serve 
unlimited number of users. That is, users only take 

the GPS receivers to receive enough GPS signals 
without bidirectional communications among 
them. GPS receives will be able to calculate out 
the user positions they locate now.

GPS system generally consists of a constella-
tion of 24 operational satellites (Leick, 2004). In 
order to ensure continuous worldwide converge 
for GPS positioning service, six orbital planes of 
satellites are organized and each four satellites 
are placed in an orbital plan. There are four to 
ten GPS satellites will be visible anywhere in 
the world under this constellation geometry. The 
sketch map of GPS constellation is shown in Fig-
ure 1. A GPS satellite routes around the earth in a 
nearby circular orbit, an elliptical shape, with an 
inclination of 55 degrees to the equatorial plane. 
The maximal radius of GPS orbit is about 26,560 
kilometers measured from the earth center. The 
orbit period of GPS satellite is approximately 12 
sidereal hours, which is about 11 hours and 58 
minutes. Thus, GPS satellite will run around the 
earth twice per day. In order to ensure the avail-
ability of GPS positioning service, the number 
of satellites in the GPS constellation has always 
been more than 24 operational satellites.

Figure 1. The GPS constellation
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