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Global Positioning System using Satellite
and its Application

Taichi OSHIMA*

Abstract

The Global Positioning System (GPS) is a one part of Defense program, managed
by the US Air Force, with the Department of Transportation (FAA) participation.
This system from the point of navigation system has three segments:

1) The Space Segment—twenty four satellites (Now eleven are in flight) distributed
in six different orbits each broadcasting two beacons. The most important fea-
ture of these statellites is their collection of highly precise atomic clocks (rubidium
and cesium).

2) The Control Segment—Five worldwide monitor stations and a master control
and upload station. This segment monitors and control every aspect of the GPS.

3) The User Segment—Relatively inexpensive civilian and military receivers for
worldwide, continuous, high accuracy navigation and survey.

Spac Segment

Today seven NAVSTAR satellites, made by Rockwell, circle the earth every
twelve hours about 11,000 nautical miles high. Soon twenty four satellites will be laun-
ched into six orbits insuring adequate coverage from anywhere on earth.

The heart of these satellites is a collection of the most precise clocks built today
—three cesium and three rubidium atomic clocks along with three quartz clocks for
backup. GPS broadcasts the most precise time ever available outside a laboratory.

The satellites have two radio beacons, Links 1 and 2, or L1 and L2, having a
carrier frequency of about 1 giga Hertz. Think of these beacons as two rightnous
radio stations broadcasting two rockin’ ranging tunes (raspy C/A and the slick P
codes) and the hourly news (the NAV message).

The C/A coarse/acquisition code is a short string of ones and zeros which seem
random and which repeats a thousand times per second. A series of ones and zeros
which have no apparent pattern, but which are exactly reproducible is called a pseudo-

random noise (PRN) code. Each satellite broadcasts its own unique PRN code. Since
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the C/A code is short and repeats many times, it is easy for a receiver to acquire

and lock onto.
The P, or protected, code is a long, fine-grained PRN code. The P code is

restricted to military and other approved users who require its high speed navigation
and anti-jam capabilities.

The L1 beacon broadcasts both the C/A and P codes while L2 transmits only the
P code. Civilian receivers use the C/A code and thus are known as C/A or L1 C/A

receivers.

The NAV message is broadcast by each beacon. This message contains a running
prediction of the location of each satellite, the ephemeris, and the ionospheric and
time correction parameters. All these informations have been uploaded from the Control
Segment.

Five Monitor Stations, located around the world at low latitudes, constantly mo-
nitor signals from the GPS satellites. Data from these stations are relayed via com-
munication satellites back to the Master Control and Upload Stations in Colorado
Springs.

Most GPS receivers determine user position, velocity and time from measurements
made on signals from at least four satellites. Hopefully, we’ll see low cost GPS re-
ceivers in airplanes, boats and rental cars in the future. The potential for low cost arises
from putting the most expensive part, the atomic clocks, into the orbiting satellites
and from high volume production.

The distance between survey receivers can be precisely determined with computer
processing. These receivers have already proven themselves in the marketplace.
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