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Global Positioning Systems

Global Positioning System (GPS) represents a break through technology that has
influenced almost every aspect of data collection. Providing previously
unattainable accuracies over wide extents, GPS is a critical player in nearly all
aspects of land and infrastructure management from handheld units that can be
used in rapid responsive applications to full geodetic quality highly precise
systems. This discussion provides an overview of GPS. Itis intended to provide
background materials for managers to understand the range of options and
applicability of GPS technology.

This material is extracted from a variety of sources including information Peter
Dana’s work on the Geographer's Craft Project, Department of Geography,
University of Texas at Austin, the National Oceanic and Atmospheric
Administration (NOAA) and various GPS manufacturers web sites and
educational materials.

1. Introduction

Users of a global positioning system (GPS) can calculate their location anywhere
on the earth. The U.S. Global Positioning System (GPS) is a constellation of 28
satellites and ground support facilities, used for a wide array of economic,
scientific, and military applications. The satellites broadcast signals that can be
converted into precise positioning and timing information anywhere in the world.
In 1998, the European Union decided to pursue its own satellite navigation
system, known as Galileo, which currently is still in its development phase.

Figure 1 - GPS Satellite in Orbit
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A global positioning system uses the characteristics of radio transmissions for
location determination. Unlike previous navigation systems using ground based
transmitters, satellite based transmitters are used to cover earth with higher
accuracy that are available from the land based systems. The satellites transmit
timing information, satellite location information and satellite health information.
The Space Segment is technical term for the satellites that belong to the system.

The user requires a special radio receiver - a GPS receiver - to receive the
transmissions from the satellite. The GPS receiver contains a specialized
computer that calculates the location based on the satellite signals. The user
does not have to transmit anything to the satellite and the satellite does not know
where the user is there. There is no limit to the number of users that can be using
the system at any one time. The users with their receivers are known as the User
Segment.

The satellites are controlled and monitored from ground stations (the Control
Segment). The control stations monitor the satellites for health and accuracy.
Maintenance commands, orbital parameters and timing corrections are uploaded
from the ground on a periodic basis. Both NAVSTAR and GLONASS provide
two sets of positioning signals. The higher accuracy system is reserved for each
country's military use. The lower accuracy system is freely available to civilian
users.

A fourth component of the GPS system is a field collector system. These are
normally hand held units that have specialized software and interfaces to
translate the GPS receiver signals into coordinate positions (such as X and Y or
Latitude and Longitude) and allow the user to and application specific information
to the coordinate locations. As examples, there are field collectors for utility
metering, resource mapping, site inspection, crime incident reporting, and permit
inspection to name a few. In some cases the GPS receiver is built into the field
collector and in other cases the field collector can connect to backpack or
armband GPS receivers and connect through a cable.

GPS navigation systems typically combine a map read out with GPS location
display. With these types of units the GPS is used to position the user on a map
display. These units do not “collect” the GPS information, but rather display the
location information. Two examples of these types of systems are onboard car
navigation and golf course location systems.

2. How GPS Works - The Longer Explanation

Each satellite transmits two signals: L1 (1575.42 MHz) and L2 (1227.60 MHz).
The L1 signal is modulated with two pseudo-random noise signals - the protected
(P) code, and the coarse/acquisition (C/A) code. The L2 signal only carries the P
code. Each satellite transmits a unique code, allowing the receiver to identify the
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signals. When a feature called "Anti-Spoofing" is active, the P code is encrypted,
and known as P(Y) or Y code.

Figure 2 — GPS Satellite Signals

Civilian navigation receivers only use the C/A code on the L1 frequency
(although some high-end civilian surveying GPS receivers can utilize the carrier
frequency of the L2 band for more precise measurements).

The receiver measures the time required for the signal to travel from the satellite
to the receiver, by knowing the time that the signal left the satellite, and
observing the time it receives the signal, based on its internal clock. A fourth
satellite is needed to resolve the receiver clock error so that the time is
synchronized correctly.

Figure 3 — GPS Satellite for Measurement
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Each measurement ("pseudorange") gives a position on the surface of a sphere
centered on the corresponding satellite. Due to the receiver clock error, the four
spheres will not intersect at a single point, but the receiver will adjust its clock
until they do, providing very accurate time, as well as position. Since the receiver
must adjust its clock to be precisely in sync with GPS time, a GPS receiver can
be used as a precise time reference. Some receivers provide a 1 pulse per
second output for this purpose. For further information on this topic, see Tom
Clark's information on his "totally accurate clock" at
ftp://aleph.gsfc.nasa.gov/GPS/totally.accurate.clock/

Figure 4 - GPS Satellite Orbits Around the Earth

3. What is Loran-C?

Loran-C is a land based system consisting of groups of transmitters (called
"chains") operating on a frequency of 100 KHz. A receiver measures the
difference in time between receiving a signal from the master station, and from
two secondary stations. The navigator determines his position by plotting these
time differences (TDs) against a TD grid overprinted on a chart.

All but the earliest (and cheapest) Loran-C receivers include provision to
calculate Latitude and Longitude from the TDs. This feature should be used with
caution since the speed of propagation of a 100 KHz signal varies depending on
the terrain it travels over, thus the TD lines may not be where the theoretical
calculations would place them. (The plotted grid on most charts should already
be corrected for these effects.)

There are two programs in my ftp directory to convert between Loran-C TDs and
Lat/Long. These programs have provision to enter correction factors to allow for
the varying speed of propagation. The results of these programs must be
checked carefully to ensure that the correct correction factors are used
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4. What is GNSS?

GNSS stands for Global Navigation Satellite System. There are currently no
GNSS systems in operation; however, several are planned. These systems will
use either or both NAVSTAR and GLONASS to provide positioning, along with
other components to improve accuracy and provide fast warning of problems.

A GNSS uses satellite positioning techniques to provide users with accurate and
timely navigation information. A global positioning system is a subset of a global
navigation satellite system because a GPS system need only provide the ability

to determine position information. A GNSS must include:

Real time navigation information
It must be possible to generate real-time navigation information fast
enough for safe navigation. The TRANSIT satellite system required
several satellite passes to determine a position. Because an aircraft can't
sit still for several hours, TRANSIT was not sufficient for aircraft
navigation. Both the NAVSTAR and GLONASS systems provide near-
instantaneous position (close enough.)

Autonomous integrity checking

There must be some way for the user to determine the accuracy of the
navigation solution in a timely fashion. It would be bad for an airplane to
hit the ground in front of a runway because a GPS satellite is transmitting
bad information. Generally, this problem is solved by having the aircraft
view a large enough number of satellites that it can calculate several sets
of redundant positions, comparing them against each other. Bad solutions
can be detected and thrown out. At this time, neither the NAVSTAR or
GLONASS systems have enough satellites to do this. The only way to do
it is to use both NAVSTAR and GLONASS satellites at the same time.

Accuracy sufficient for safe navigation.

The U.S. Department of Transportation has determined that the most
stringent requirements for aircraft landing are 4.1 meters horizontal
accuracy and 0.6 meters vertical accuracy. There is no way for either
NAVSTAR or GLONASS to provide this accuracy without external aids.
Therefore, a GNSS using NAVSTAR and GLONASS must include these
aids.

5. GPS Receivers

A special radio receiver is used to detect and decode GPS signals and to return
the output to the user in a useable form. The characteristics of the receiver
depend on the application for which it was designed. Consumer receivers meant
for land navigation or boating will usually have a LCD display and may have an
RS-232 digital output. Receivers intended for commercial airliners will usually
only have a data port intended to integrate into the aircraft's navigation system
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and will be able to calculate the relative accuracy of the information it is
receiving. Military receivers can decode a second encrypted radio frequency to
obtain higher stand-alone accuracy than a civilian receiver.

Types of Receivers by Architecture

Sequential Receivers

The sequential receiver uses one or two hardware radio channels to
sequentially provide individual satellite observations. These receivers are
among the cheapest available due to the limited circuitry needed.
However, they provide the poorest time-to first-fix and cannot track
satellites while moving at high speeds.

Continuous Receivers

The continuous receiver has sufficient dedicated hardware radio channels
to provide continuous satellite observations. This type of receiver has the
best performance of all the receiver architectures. Four hardware radio
channels at minimum are required for continuous operation.

A five-channel receiver can view four satellites and read the NAV
message from a fifth, thus continuously keeping the receiver's database of
satellite orbital parameters up-to-date. A six-channel receiver can read
NAV messages, track four satellites and a keep a fifth in reserve in case
one of the four is lost for any reason. An all-in-view receiver has sufficient
hardware radio channels (sometimes 12) to lock onto all the satellites that
happen to be in view at any time.

Multiplex Receivers

The multiplex receiver acts like a sequential receiver in that it switches
between satellites being tracked; however, it does it at a fast sample rate
(approximately 50 hz) and can track more satellites than a sequential
receiver. Its performance is still lower than a continuous receiver because
it can't integrate all of the satellite’s transmitted spread spectrum power.

Types of Receivers by Method of Operation

Code Correlation

These receivers determine position by processing information found in the
code that is transmitted by the satellites. The advantage to this method is
low cost. The drawback is only moderate accuracy, on the order of 5
meters or worse.

Carrier Phase

These receivers determine position by processing measurements of the
carrier phase of the satellite signals over time. They do not need to
decode the information being transmitted except for locating the satellites.
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