
97

0 Chapter Title Here

Here’s something for you to think about: You’re out hiking in a forest. 
A storm comes up, and you quickly take shelter well off the trail. By the 
time things are all clear, you’ve become completely disoriented, and you 
can’t pinpoint your location: You’re well and truly lost. Or consider this: 
You’re driving in unfamiliar territory. It’s late at night, you’re miles from 
anywhere, you missed an important turn a few miles back, and none of the 
names or route numbers on the signs mean anything to you. In both cases, 
you’re out of cell phone range, and even though you have a printed map, 
you really have no idea where you are. How do you start navigating yourself 
out of this mess?

A few years ago, situations like these could have been potentially 
disastrous, but today there’s a geospatial technology tool that’s ready and 
available to help get you out of these situations. Using a small, hand-held, 
relatively inexpensive device, you can determine the coordinates of your 
position on Earth’s surface to within several feet. Simply stand outside, turn 
the device on, and shortly your position will be found and perhaps even 
plotted on a map stored on the device. Start walking around, and it’ll keep 
reporting where you are and even take into account some other  factors like 
your elevation, speed, and the compass direction in which you’re moving. 
Even though it all sounds like magic, it’s far from it—there’s an extensive 
network of equipment across Earth and in space continuously working in 
conjunction with your hand-held receiver to locate your position. This, in a 
nutshell, is the operability of the Global Positioning System (GPS).

GPS receivers have become so widespread that they seem to be every-
where. In-car navigation systems have become standard items on the shelves 
of electronics stores. GPS receivers are also on sale at sporting goods stores 
because they’re becoming standard equipment for campers, hikers, fishing 
enthusiasts, and golfers. Runners can purchase a watch containing a GPS 

GPS the Global Positioning 
System, a technology using 
signals broadcast from 
satellites for navigation and 
position determination on 
Earth
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98 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

receiver that will tell them their location, the distance they run, and their 
average speed. Smartphones will often have GPS capability as a  standard 
function. Use of the GPS is free for everyone and available worldwide, no 
matter how remote the area in which you find yourself. So the first ques-
tions to ask are—who built this type of geospatial technology, and why?

Who Made GPS? 

The acronym “GPS” is commonly used to describe any number of devices 
that use Global Positioning System technology to tell us where we are, 
but the term is often used inaccurately. The term “GPS” originated with 
the  initial designers and developers of the setup, the U.S. Department of 
Defense, and is part of the official name of the system called NAVSTAR 
GPS. Other countries besides the United States have developed or are cur-
rently engaged in developing systems similar to NAVSTAR GPS, so strictly 
speaking we should only use the term “GPS” when we’re referring to the 
United States system. Because the United States isn’t the only nation with 
this technology, it would be more accurate to describe GPS as one type of 
global navigation satellite system (GNSS).

GPS isn’t the first satellite navigation system. During the 1960s, the 
U.S. Navy used a system called Transit, which used satellites to determine 
the location of sea-going vessels. The drawback of Transit was that it didn’t 
provide continuous location information—you’d have to wait a long time 
to get a fix on your position rather than always knowing where you were. 
Another early satellite navigation program of the 1960s, the Naval Research 
Laboratory’s Timation program, used accurate clock timings to determine 
locations from orbit. The first GPS satellite was launched in 1978, and the 
24th GPS satellite was launched in 1993, completing an initial full opera-
tional capability of the satellite system for use. Today, GPS is overseen and 
maintained by the 50th Space Wing, a division of the U.S. Air Force head-
quartered at Schriever Air Force Base in Colorado.

What Does the Global Positioning 
System Consist Of?

Finding your position on the ground with GPS relies on three separate 
components, all operating together: a space segment, a control segment, 
and a user segment. 

Space Segment
The space segment is made up of numerous GPS satellites (also referred 
to as “SVs” or “space vehicles”) orbiting Earth in fixed paths. GPS 
 satellites make two orbits around Earth every day (their orbit time is 

NAVSTAR GPS the U.S. 
Global Positioning System

GNSS the global navigation 
satellite system, an overall 
term for the technologies that 
use signals from satellites 
to find locations on Earth’s 
surface

space segment one of 
the three segments of GPS, 
consisting of the satellites 
and the signals they 
broadcast from space
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99WHAT DOES THE GLOBAL POSITIONING SYSTEM CONSIST OF? 

actually about 11 hours and 58 minutes) at an altitude of 20,200  kilometers 
(12,552 miles). 

The satellites are set in a pattern of specific orbits called a constellation, 
in which the satellites are specifically arranged for maximum coverage over 
Earth (Figure 4.1). The way the GPS constellation is designed allows for 
a person to be able to receive enough signals to find their location wher-
ever they are on the planet. Twenty-four satellites is the minimum for a full 
 constellation, and there are currently several additional operational GPS 
satellites in orbit to improve global coverage.

The job of GPS satellites is to broadcast a set of signals down to 
Earth from orbit. These signals (discussed later) contain information 
about the position of the satellite and the precise time at which the sig-
nal was  transmitted from the satellite (GPS satellites measure time using 
extremely accurate atomic clocks carried onboard). The signals are sent on 
carrier frequencies L1 (broadcast at 1575.42 MHz) and L2 (broadcast at 
1227.60 MHz). Additional carrier frequencies are planned for future GPS 
upgrades—L2C intended as a second civilian frequency; L5, intended to be 
used for  safety-of-life functions; and L1C, intended to have GPS operate 
with other  countries—and GNSS. You need to have a direct line of sight to 
the satellites to receive these frequencies (which means that you have to be 
in the open air, not indoors). 

constellation the full 
complement of satellites 
comprising a GNSS

FIGURE 4.1 •
The constellation of GPS 
satellites in orbit around 
Earth. 
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100 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

Control Segment
The control segment of GPS represents a series of worldwide ground 
 stations that track and monitor the signals being transmitted by the 
 satellites. These ground stations, also known as control stations, are spread 
out to enable continuous monitoring of the satellites. The control sta-
tions collect the satellite data and transmit it to the master control station 
at Schriever Air Force Base. In the control segment, corrections and new 
data are uploaded to the satellites so that the satellites will be broadcasting 
correct data. The control stations also monitor the satellites’ positions and 
relay updated orbit information to the satellites (Figure 4.2).

User Segment
The user segment represents a GPS unit somewhere on the Earth that is 
receiving satellite signals. The receiver can then use the information in 
these signals to compute its position on Earth. A key component of a GPS 
receiver is how many channels the receiver has—the number of  channels 
reflects the number of satellites from which the receiver can obtain signals 
at one time. Thus, a 12-channel receiver can potentially pick up  signals 
from up to 12 satellites. The type of unit you’re using is also important—a 
single frequency receiver can only pick up the L1 frequency, but a dual 
frequency receiver can pick up both L1 and L2. One thing to keep in mind 
about the receiver is that no matter what size, capabilities, or number of 

control segment one of 
the three segments of GPS, 
consisting of the control 
stations that monitor the 
signals from the GPS satellites

user segment one of 
the three segments of 
GPS, consisting of the GPS 
receivers on the ground that 
pick up the signals from the 
satellites

channels the number of 
satellite signals a GPS unit 
can receive

single frequency a GPS 
receiver that can pick up only 
the L1 frequency

dual frequency a GPS 
receiver that can pick up both 
the L1 and L2 frequencies

FIGURE 4.2 •
A control station monitors 
the signals from the 
satellites and sends 
correction data back to 
the satellites.

GPS satellite

Control station

Data from satellite Data from satelliteData to satellite

GPS receiver
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HOW DOES GPS FIND YOur POSITION? 101

channels it has, a receiver (like the name implies) can only receive  satellite 
data—it can’t transmit data back up to the satellites. This is why GPS is 
referred to as a one-way ranging system: satellites broadcast information, 
and receivers receive it.

How Does GPS Find Your Position? 

At this point, the three segments of GPS have satellites broadcasting 
 signals, ground stations monitoring and correcting those signals, and users 
 receiving those signals—and all three of these segments work together to 
determine your position on Earth’s surface. The signals being sent from the 
satellites are the key to the whole process—the signals contain informa-
tion about the satellite’s status, the orbit, and the location (referred to as the 
almanac) that’s sending them, as well as more precise data about satellite 
location (this information is referred to as the ephemeris). 

The information is sent in one of two digital pseudo-random codes—
the C/A code (coarse acquisition code) and the P code (precise code). The 
C/A code is broadcast on the L1 carrier frequency and is the information 
that civilian receivers can pick up. The P code is broadcast on the L1 and 
L2 carrier frequencies and contains more precise information, but a mili-
tary receiver is required to pick up this signal. The Y code is an encrypted 
version of the P code and is used to prevent false P code information from 
being sent to a receiver by hostile forces. This “anti-spoofing” technique is 
commonly used to make sure that only the correct data is being received. 
Basically, the satellites are transmitting information in the codes about the 
location of the satellite, and they can also be used to determine the time 
when the signal was sent. By using this data, the receiver can find its posi-
tion relative to that one satellite.

The signals are transmitted from space using high-frequency radio waves 
(the L1 and L2 carrier frequencies). These radio waves are forms of electro-
magnetic energy (discussed in Chapter 10) and will therefore be moving at 
the speed of light. Your receiver can compute the time it took for the signal to 
arrive from the satellite. If you know these high-frequency radio waves move 
at the speed of light (c), and you also know how long the transmission time 
(t) was, then you can calculate the distance between you and that one satellite 
by multiplying t by c. This result will give you the pseudorange (or distance) 
between your receiver and the satellite transmitting the signal. 

Unfortunately, this still doesn’t tell us much—you know where you are 
on the ground in relation to the position of one satellite over 12,000 miles 
away, but that by itself gives you very little information about where you 
are on Earth’s surface. It’s like waking up in an unknown location and being 
told by a passerby that you’re 500 miles from Boston—it gives you very little 
to go on in determining your real-world location.

almanac data concerning 
the status of a GPS satellite, 
which is included in the 
information being transmitted 
by the satellite

ephemeris data referring 
to the GPS satellite’s position 
in orbit

C/A code the digital 
code broadcast on the 
L1 frequency, which is 
accessible by all GPS 
receivers

P code the digital code 
broadcast on the L1 and 
L2 frequencies, which is 
accessible by the military

Y code an encrypted version 
of the P code

pseudorange the calculated 
distance between a GPS 
satellite and a GPS receiver
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102 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

The process of determining your position is referred to as  trilateration, 
which means using three points of reference to find where you are. 
 Trilateration in two dimensions is commonly used when plotting a location 
on a map. Let’s say, for example, that you’re on a road trip to Michigan—
you’ve been driving all night, and you’ve arrived in an unknown location 
with no identifying information to tell you where you are. The first person 
you bump into tells you (somewhat unhelpfully) that you’re 50 miles away 
from Ann Arbor, Michigan (see Figure 4.3). That puts you somewhere on a 
circle with Ann Arbor at its center 50 miles away, and gives you a choice of 
far too many possibilities to be of any use to you. 

The second person you run into tells you (again, not being overly helpful) 
that you’re located 150 miles away from Traverse City, Michigan. This again 
puts your location somewhere on a circle 150 miles from Traverse City—but 
when you combine this with the information that places you 50 miles away 
from Ann Arbor, you can cut your options down considerably. There are only 
two cities in Michigan that are 50 miles from Ann Arbor and 150 miles away 
from Traverse City—you’re either in Lansing or in Flint (see Figure 4.4). 

trilateration finding a 
location in relation to three 
points of reference

FIGURE 4.3 •
Measuring distance from 
one point. 

Ann Arbor

50 miles

FIGURE 4.4 •
using distances from 
two points is the second 
step in the process of 
trilateration. 

Traverse City

Ann Arbor

FlintLansing

150 miles

50 miles

05_SHE_31906_ch04_097-128_PP4.indd   102 10/3/17   1:37 PM

Copyright ©2018 W.H. Freeman Publishers. Distributed by W.H Freeman Publishers. Not for redistribution. 



HOW DOES GPS FIND YOur POSITION? 103

Luckily, the third person you see tells you that you’re 60 miles from 
Kalamazoo. Your first thought should be “Who are all these geographically 
minded people I keep running into?” but your second thought is that you 
now know exactly where you are. Lansing is the only option that fits all 
three of the distances from your reference points, therefore you can disre-
gard Flint and be satisfied that you’ve found your location (see Figure 4.5 
and Hands-On Application 4.1: Trilateration Concepts).

The same concept applies to finding your location using GPS, but 
rather than locating yourself relative to three points on a map, your GPS 
receiver is finding its position on Earth’s surface relative to three satellites. 
Also, because a position on the three-dimensional (3D) Earth is being 
found with reference to positions surrounding it, a spherical distance is 
calculated rather than a flat circular distance. This process is referred to 
as trilateration in three dimensions (or 3D trilateration). The concept 
is similar, though finding the receiver’s position relative to one satellite 
means it’s located somewhere on one sphere (similar to only having the 
information about being 50 miles from Ann Arbor). By finding its loca-
tion in relation to two satellites, the receiver is finding a location on a 
common boundary between two spheres. Finally, by finding the location 
relative to three satellites, there are only two places where those three 
spheres intersect, and the way the geometry works out, one of them is in 
outer space and can be disregarded. That leaves only one location where 
all three spheres intersect, and thus one location on Earth’s surface rel-
ative to all three satellites. That position will be the location of the GPS 
receiver (Figure 4.6).

3D trilateration finding a 
location on Earth’s surface 
in relation to the positions of 
three satellites

FIGURE 4.5 •
The measurement of 
distances from the third 
point completes the 
process of trilateration by 
finding a location. 

Kalamazoo

Traverse City

Ann Arbor

FlintLansing

150 miles

50 miles
60 miles

05_SHE_31906_ch04_097-128_PP4.indd   103 10/3/17   1:37 PM

Copyright ©2018 W.H. Freeman Publishers. Distributed by W.H Freeman Publishers. Not for redistribution. 



104 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

1

2
3

Position at one of 
two possible points

FIGURE 4.6 •
Finding a location using 
GPS: the results of 3D 
trilateration. 

Hands-On Application 4.1

Trilateration can be used to determine your 
 location on a map. Go to http://electronics 

.howstuffworks.com/gadgets/travel/gps1.htm 
to view the article by Marshall Brain and Tom 
 Harris at How Stuff Works. Check out how three 
 measurements are made to determine a single 
location (as in the previous Michigan example), 
then start Google Earth Pro and zoom to your 
 location. Use Google Earth Pro and its mea-
suring tools to set up a similar scenario — find 
your  location relative to three other cities and 
figure out the measurements to do a similar 

trilateration. Then zoom in closer to identify three 
local  locations and calculate the measurements 
from each one that you need to trilaterate your 
position.

Expansion Questions
 ➤ What three cities did you choose, and what 

measurements did you use to trilaterate 
your city?

 ➤ What three local locations did you choose, and 
what measurements did you use to trilaterate 
your current position?

Trilateration Concepts

There’s just one problem with all this—and it’s serious. Remember, what 
you’re calculating is a pseudorange, based on the speed of light (which is a 
constant) and the time it takes for the signal to be transmitted from space 
to Earth. If that time is just slightly off, a different value for distance will 
be calculated, and your receiver will be located somewhere different from 
where it really is. This becomes an even bigger issue because the satellite has 
a super-precise and very expensive (somewhere in the tens of thousands of 
dollars range) atomic clock, while the off-the-shelf GPS receiver has a less 
precise (and very much less expensive) quartz clock. Obviously, GPS receiv-
ers can’t have atomic clocks in them, because that would make them far 
too expensive. The receiver’s clock isn’t as accurate as the atomic clock, and 
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WHY ISN’T GPS PErFECTLY ACCurATE? 105

timing errors can cause inaccuracies in calculating distances when it comes 
to finding a position. Fortunately, there’s an easy solution to this mess: your 
receiver picks up additional information from a fourth satellite. By using 
a fourth measurement, clock errors can be corrected and your position 
can be determined accurately. The position you’ll receive will be measured 
using the WGS84 datum.

Why Isn’t GPS Perfectly Accurate? 

If GPS can be used to find a location on Earth’s surface, the next question 
to ask is: “Just how accurate is GPS?” Through the use of pseudorange mea-
surements from four satellites, you might reasonably expect the system to 
give the user one accurately measured location. However, in normal every-
day use with an ordinary off-the-shelf civilian receiver, accuracy is usually 
somewhere within 10–15 meters horizontally. This doesn’t mean that the 
location is always off by 15 meters—it could be off by 5, 10, or 15 meters. 
This is due to a number of factors that can interfere with or delay the trans-
mission or reception of the signal—and these delays in time can cause 
errors in position.

One of the biggest sources of error was actually worked into the  system 
intentionally to make GPS less accurate. The United States introduced 
 selective availability (SA) into GPS with the goal of intentionally mak-
ing the C/A signal less accurate, presumably so that enemy forces couldn’t 
use GPS as a tool against the U.S. military. Selective availability introduced 
two errors into the signals being transmitted by the satellites—a delta error 
(which contained incorrect clock timing information) and an epsilon error 
(which contained incorrect satellite ephemeris information). The net effect 
of this was to make the accuracy of the C/A to within about 100 meters. As 
you can imagine, this level of accuracy certainly limited GPS in the civil-
ian sector—after all, who wants to try to land an airplane with GPS when 
the accuracy of the runway location could be hundreds of feet off? In the 
year 2000, the U.S. government turned selective availability off and has no 
announced plans to turn it back on (in fact, the U.S. Department of Defense 
has announced that new generations of GPS satellites will not have the capa-
bility for selective availability).

Although selective availability was an intentional error introduced into 
the signals broadcast by the satellites, other errors can occur naturally at the 
satellite level. Ephemeris errors can occur when a satellite broadcasts incor-
rect information about orbit position. These types of errors indicate that the 
satellite is out of position, and the ephemeris data needs to be corrected or 
updated by a control station. Typically, these errors can introduce 2 meters 
or so of error. 

Even the arrangement of satellites in space (that is, how they are 
 distributed) can have an effect on the determination of position. The 

selective availability (SA) 
the intentional degradation 
of the timing and position 
information transmitted by a 
GPS satellite
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106 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

 further the satellites are spread out from one another and the wider the 
angle between them, the more accurate a measurement obtained by the 
receiver will be. The error introduced by a poor geometric arrangement of 
the satellites is referred to as the position dilution of precision, or PDOP. 
Some receivers will calculate a value for PDOP for you to indicate what rel-
ative error could be introduced because of the arrangement of the satellites 
being used ( basically, the lower the value the better).

You should also keep in mind that the signals are being broadcast from 
space and have to pass through Earth’s atmosphere before reaching the 
receiver. Though some of these atmospheric effects can be modeled, and 
attempts can be made to compensate for them, atmospheric problems can 
still cause errors in accuracy by making changes to the speed of the  signals 
(Figure 4.7). Atmospheric interference, especially in the ionosphere and 
troposphere, can cause delays in the signal on its way to the ground. The 
ionosphere can alter the propagation speed of a signal, which can cause an 
inaccurate timing measurement, while the amount of water vapor in the 
troposphere can also interfere with the signals passing through it and also 
cause delays. It’s estimated that the problems caused by conditions in the 
ionosphere can cause about 5 meters (or more) of position inaccuracy, 
while conditions in the troposphere can add about another 0.5 meters of 
measurement error.

The atmosphere is not the only thing that can interfere with the  signal 
reaching the receiver. The receiver needs a good view of the sky to get an 
initial fix, therefore things that would block this view (such as a heavy tree 
canopy) may interfere with the signal reception. In addition, the signals 
may be reflected off objects (such as tall buildings or bodies of water) before 
reaching the receiver rather than taking a straight path from the satellite 
(Figure 4.8). This multipath effect can introduce additional delays into the 
reception of the signal because the signal is reaching the receiver later than 
it should (and will add further error to your position determination). 

PDOP the position dilution 
of precision; describes the 
amount of error due to the 
geometric position of the GPS 
satellites

multipath an error caused 
by a delay in the signal due 
to reflecting from surfaces 
before reaching the receiver

Space

Troposphere

Altered signal
propagation

Ionosphere

FIGURE 4.7 •
The effects of the 
ionosphere and 
troposphere on GPS 
signals. 
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Single path from
satellite to receiver

Multipath signal reaches receiver 
later and causes errors

1

2

FIGURE 4.8 •
The effect of multipathing 
on the GPS signal. 

It’s quite possible for any or all of these various types of error measure-
ments to combine together to contribute several meters worth of errors into 
your position determination. When the ephemeris introduces a few meters of 
error, and the ionosphere and troposphere add a few more, and then multi-
pathing and PDOP add a few more on top of that, before you know it they’re 
starting to add up to a pretty significant difference between your position as 
plotted and where you actually are. Therefore there should be some manner of 
solutions to improve the accuracy of GPS and get a better fix on your position.

How Can You Get Better Accuracy from GPS? 

A few methods have been developed to improve the accuracy of GPS  position 
measurements, and to deal with the problems that cause the kinds of errors 
described above. The first of these is a process referred to as differential 
GPS (or DGPS). This method uses one or more base stations at locations 

DGPS differential GPS; a 
method of using a ground-
based correction in addition 
to the satellite signals to 
determine position
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108 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

on the ground to provide a correction for GPS position determination. The 
base station is positioned at a place where the coordinates are known, and it 
receives signals from the satellites. Because the base station knows its own 
coordinates, it can calculate a correction to any error that causes the position 
measurement from the satellites to locate it in the wrong place. The base 
station can then broadcast this correction out to receivers equipped to col-
lect this type of differential correction. Thus, when you’re using DGPS, your 
receiver is picking up the usual four satellite signals plus an additional cor-
rection from a nearby location on the ground (see  Figure 4.9 for an example 
of the operation of DGPS). As a result, the position measurement can be 
reduced to 5 meters or less (and often less than 1 meter).

Today, there are DGPS locations all over the world. In the United 
States, the U.S. Coast Guard has set up several reference stations along the 
coasts and waterways to enable ships to find their exact location and to 
improve navigation. The U.S. Coast Guard Navigation Center operates the 
 Nationwide Differential GPS (NDGPS) system and aims to provide coastal 
regions with the most accurate position information that’s available. 

A related program, CORS (Continuously Operating Reference Sta-
tions), is operated by the National Geodetic Survey and consists of numer-
ous base stations located across the United States and throughout the world. 
CORS collects GPS information and makes it available to users of GPS data 
(such as surveyors and engineers) to make more accurate position measure-
ments. CORS data provides a powerful tool for location information for a 
variety of applications (such as the U.S. Army establishing CORS in Iraq as 
an aid in the rebuilding efforts).

NDGPS Nationwide 
Differential GPS, which 
consists of ground-based 
DGPS locations around the 
United States

CORS Continuously 
Operating Reference Stations; 
a system operated by the 
National Geodetic Survey 
to provide a ground-based 
method of obtaining more 
accurate GPS positioning

DGPS

FIGURE 4.9 •
The operation of DGPS. 
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Satellite-based augmentation systems (SBAS) are additional resources 
for improving the accuracy of position measurements. SBAS works in a 
similar way to DGPS, in that a correction is calculated and picked up by 
your receiver in addition to signals from the regular four satellites. However, 
in this case, the correction is sent from an additional new satellite, not from 
an Earth-bound station. A good example of an SBAS is the Wide Area Aug-
mentation System (WAAS), which was developed by the Federal Aviation 
Administration (FAA) to obtain more accurate position information for air-
craft. WAAS has developed widespread uses beyond the world of aviation as 
a quick and easy method of improving overall GPS position accuracy. 

WAAS operates through a series of base stations spread throughout 
the United States that collect and monitor the signals sent by GPS satellites. 
These base stations calculate position correction information (similar to the 
operation of DGPS) and transmit this correction to geostationary WAAS 
satellites. These WAAS satellites then broadcast this correction signal back 
to Earth, and if your receiver can pick up this signal, it can use the informa-
tion to improve its position calculation (see Figure 4.10 on page xx). WAAS 
reduces the position error to 3 meters or less. One drawback to WAAS is 
that it will only function within the United States (including Alaska and 
Hawaii) and nearby portions of North America (although WAAS base 
 stations have been added in Mexico and Canada, greatly expanding the 
availability of WAAS advantages). There are other systems that improve the 
accuracy of position calculation, but they all operate on the same principle 
as WAAS and DGPS (some sort of correction is calculated and transmitted 
to a receiver, which uses it to determine its position). 

SBAS satellite-based 
augmentation system; a 
method of using correction 
information sent from an 
additional satellite to improve 
GPS position determination

WAAS Wide Area 
Augmentation System; a 
satellite-based augmentation 
system that covers the United 
States and other portions of 
North America

WAAS
master station

WAAS satellite

L1 L1

GPS satellites

WAAS ground
station

WAAS
reference station

FIGURE 4.10 •
The setup and operation 
of the WAAS system.
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110 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

What Other GNSS Are There Beyond GPS? 

This chapter has been devoted to GPS: the way it operates, the types of 
errors it’s liable to make, and how its accuracy issues can be resolved. How-
ever, as we touched on earlier, “GPS” properly refers to the U.S. NAVSTAR 
GPS. Other countries have developed (or are in the process of developing) 
their own versions of GPS or GPS augmentation systems, presumably so 
as not to be completely dependent on U.S. technology. There are other full 
constellations of GPS-style satellites being developed and put into orbit, 
and numerous other enhancement systems are either in operation or in the 
planning stage all around the globe. 

GLONASS was the name of the USSR’s counterpart to GPS and oper-
ated in a similar fashion. The GLONASS equivalent to the C/A code 
operated at horizontal accuracies of about 100 meters (or better) with an 
equivalent of the P code for more accurate use. GLONASS consisted of a 
full constellation of satellites with an orbital setup similar to GPS. By 2001, 
however, there were only a few GLONASS satellites in operation. In recent 
years Russia has renewed its GLONASS program—by the end of 2011 a 
fully operational constellation was back in place, and at the time of writing 
there are plans to launch additional satellites in the near future. In 2007, 
Russia announced that the civilian signal from GLONASS would be made 
freely available for use, and at the time of writing GLONASS accuracy was 
reported to be approximately 5 meters (or less).

Galileo is the European Union’s version of GPS. When it’s completed, 
it will have a constellation of 30 satellites and operate in a similar  fashion 
to GPS. The first of the GIOVE (Galileo in Orbit Validation Element) 
 satellites was launched in 2005, and since then the program has continued 
to develop, with several satellites now orbiting as part of its constellation (at 
the time of writing it was partially completed with 18 satellites in orbit and 
projected to have a full constellation by 2020). Galileo promises four differ-
ent types of signals, including information available to civilians as well as 
restricted signals. Also in development is China’s Beidou-2 (also referred to 
as Compass), which is also projected to have a full constellation of satellites. 
The first Compass satellite was launched in 2007, and at the time of writing 
the system had 20 operational satellites in orbit, with plans to have a full set 
of 35 satellites in place by 2020.

Other satellite-based augmentation systems have been developed across 
the world to operate like WAAS but to function in regions outside of North 
America. EGNOS (European Geostationary Navigation Overlay System) 
is sponsored by the European Union and provides improved accuracy of 
GPS throughout most of Europe. EGNOS functions the same way WAAS 
does—a series of base stations throughout Europe monitor GPS satellite 
data, calculate corrections, then transmit these corrections to geostationary 
EGNOS satellites over Europe, which in turn broadcast this data to Earth. 

GLONASS the former 
USSR’s (now Russia’s) GNSS

Galileo the European 
Union’s GNSS, currently in 
development

Beidou-2 China’s GNSS, 
currently in development

EGNOS an SBAS that covers 
Europe
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An EGNOS-enabled receiver is necessary to utilize this  correction data, and 
the system is capable of accuracies of about 1.5 meters. Japan also  operates 
its own SBAS, known as MSAS (Multifunctional Satellite  Augmentation 
System), which covers Japan and portions of the Pacific Rim. MSAS 
 operates in a similar way to WAAS and EGNOS, but it covers a different 
region of the world and uses just two satellites to provide coverage.

Many other GPS enhancement systems exist or are in development 
throughout the world, including the following:

 ➤ Beidou-1: an SBAS operating in China

 ➤ GAGAN: an SBAS in development for India

 ➤ IRNSS (also referred to as NAVIC): an Indian satellite navigation 
 system, consisting of seven satellites.

 ➤ QZSS: an expanded SBAS based in Japan, currently in development

What Are Some Applications of GPS? 

GPS is used in a wide variety of settings. Any application that requires 
location-based data to be collected firsthand can apply GPS to the task. 
For instance, geologists use GPS to mark the location of water wells when 
testing groundwater, while civil engineers use GPS to determine the 
 coordinates of items such as culverts, road signs, and utility hole covers. 
Coordinates  measured with a GPS receiver are commonly used with other 
geospatial technologies in GPX format, a standard for storing and mapping 
collected GPS data. In the following sections you’ll see just a handful of the 
ways GPS is being used in industry, jobs, and the public sector.

Emergency Response
When you make a 911 call, the call center is able to fix your location and 
route emergency services (police, firefighters, or emergency medical tech-
nicians) to where you are. When you make a 911 call from a cell phone, the 
Enhanced 911 (E-911) system can determine your position—either using 
cell towers to determine where you are, or using a GPS receiver in your 
phone to find your location.

Farming
Precision farming methods rely on getting accurate location data about 
factors such as watering levels, crops, and soils. Having the ability to map 
this data gives farmers information about where crops are thriving and 
what areas need attention. GPS serves as a data-collection tool to quickly 
(and accurately) obtain location information for farmers, which can then 

MSAS an SBAS that covers 
Japan and nearby regions

GPX a standard file format 
for working with GPS data 
collected by GPS receivers
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112 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

be combined with other geospatial technologies, such as using Geographic 
Information Systems (GIS) to place the GPS data on a map.

Forensics
Recovery of human remains has been greatly assisted through the use of 
GPS. Rather than having to rely solely on surveying equipment, GPS can 
provide quick data and measurements in addition to other measurements 
made in the field. The same concepts have been applied to identifying the 
locations of artifacts and remains at archeological sites.

Public Utilities
City or county data for items that need to be measured manually (such as 
culverts, road signs, or utility hole locations) can be done quickly and eas-
ily with GPS. When field-based data is necessary to create or update utility 
data, workers equipped with GPS can collect this type of data quickly and 
accurately.

Transportation
GPS provides a means of continuously tracking travel, whether on the road, 
in the water, or in the air. Since GPS receivers can receive signals constantly 
from satellites, your travel progress can be monitored to make sure that you 
stay on track. When your GPS-determined position is plotted in real time 
on a map, you can see your exact point in your journey and measure your 
progress. Delivery and shipping companies can use this type of data to keep 
tabs on their fleets of vehicles and to check if they deviate from their routes. 

Wildlife Management
In much the same way you track vehicles, wildlife and endangered species 
can be tagged with a GPS receiver to monitor their location and transmit 
it to a source capable of tracking those movements. In this way, migration 
patterns can be determined and other large-scale movements of wildlife can 
be observed.

Beyond its uses in the private and public sectors, GPS plays a big part 
in personal recreation. If you’re a runner, GPS can track your position and 
measure your speed. If you’re a hiker, GPS can keep you from getting lost 
when you’re deep into unfamiliar territory. If you’re into fishing, GPS can 
help locate places reputed to be well stocked with fish. If you’re a golfer, you 
can use GPS to measure your ball’s location and the distance to the pin. In 
fact, there’s a whole new form of recreation that’s grown in popularity along 
with GPS, called geocaching.

In geocaching, certain small objects (referred to as “geocaches”) are hid-
den in an area and the coordinates of the object are listed on the Web (a log 
is maintained). From there, you can use a GPS receiver to track down those  

geocaching using GPS and 
a set of coordinates to find 
locations of hidden objects
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coordinates (which usually involve hiking or walking to a  location) and 
locate the cache. In essence, geocaching is a high-tech  outdoor  treasure hunt 
(see Hands-On Application 4.2: Things to Do Before You Go  Geocaching). 
This type of activity (using a GPS receiver to track down pre-recorded 
 coordinates to find objects or locations) is also used in  educational activi-
ties, in and out of the classroom, to teach students the relationship between 
a set of map coordinates and a real-world location, as well as give them 
practice in basic land navigation and GPS usage.

An example of the kind of item that’s used in geocaching is a geocoin, a 
small object about the size of a casino chip. A geocoin is “trackable” in that 
the unique ID number on the coin can be logged into Geocaching.com, and 
the location of where the coin is taken from and the location it’s placed in 
can then be mapped (Figure 4.11). Geocoins are primarily for recreational 
geocaching but can also be used in several educational activities  involving 
geographic studies. For example, VirginiaView (one of the StateView 
 programs of the AmericaView consortium—see Chapter 15 for more infor-
mation) has put together a set of lesson plans that involve students tracking 
geocoin movements and relating these activities to larger projects such as 
the tracking of invasive species and watershed characteristics. See Virginia-
View’s Website, http://virginiaview.cnre.vt.edu, for further information on 
combining trackable geocoins with geographic education.

geocoin a small coin used 
in geocaching with a unique 
ID number that allows its 
changing location to be 
tracked and mapped

Hands-On Application 4.2

Geocaching is a widespread and popular recre-
ational activity today. As long as you have a GPS 
receiver and some coordinates to look for, you can 
get started with geocaching. This chapter’s lab will 
have you investigating some specific geocaching 
resources on the Web, but before you start looking 
for caches, there are some online utilities to explore 
first. Open your Web browser and go to http://

www.geocaching.com. You’ll first have to create a 
free account (with a username and a password) and 
log in with it to use the Website’s functions. There 
are several functions of the Website to use free of 
charge, but for many additional features you’ll have 
to pay for a premium subscription service.

Even just using the free features, the main 
page of the Website will allow you to search for 

locations of geocaches near a particular  location, 
address, city, or zip code, as well as create a Web 
map of search results. In the Web map, you can 
click on caches to obtain more information about 
each cache (such as when the cache was planted, 
the difficulty rating of the cache, and so on).

Expansion Questions
 ➤ What geocaches are located around your own 

local area or zip code?

 ➤ Select the cache closest to your current 
location on the Web map. When was that 
cache hidden, what is the size of the cache, 
and what is the difficulty rating of locating that 
cache?

Things to Do Before You Go Geocaching
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114 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

FIGURE 4.11 •
A VirginiaView geocoin 
and a map showing how 
it can be tracked as it 
moves from location to 
location. [VirginiaView/Virginia 
Geospatial Extension Program]

Thinking Critically with Geospatial Technology 4.1

What would happen if the Global Positioning 
System stopped working — or at least  working at 
100% capability? If the satellites stopped oper-
ating and weren’t replaced, GPS would essen-
tially stop functioning. If the number of satellites 
dropped below full operational capacity, GPS 
would only work some of the time and its  accuracy 
would likely be greatly reduced. An operational 
failure of GPS forms the scenario of this article 
from GPS World: http://www.gpsworld.com/
gps-risk-doomsday-2010.

If something like this came to pass, how would 
the lack of GPS affect life on Earth? What indus-
tries would be impacted by sudden deprivation 
of access to GPS? What would be the effect on 
navigation at sea and in the air, and how would 
other kinds of travel be disrupted? What would be 
the military implications if the world were suddenly 
deprived of GPS? How would all of these factors 
affect your own life?

Is society too reliant on GPS? Since selective 
availability was turned off in 2000, there’s been 
an overwhelming increase in GPS usage in many 
aspects of everyday life. Is the availability of GPS 
taken for granted? If the system could fail or be 
eradicated, what impact would this have on people 
who believe that this technology would always be 
available to them?

In a similar vein, there’s been a growing aware-
ness of the vulnerability of GPS as so many func-
tions in today’s society rely on it.  Everything from 
military drones to shipping to delivery systems has 
become reliant on GPS. The U.S. Department of 
 Homeland Security recently published a report on 
the risks posed to the United States from disruptions 
in GPS (see a summary here: http://www.gps.gov/
news/2013/06/2013-06-NRE-public-summary 
.pdf). What kinds of potential wrongdoing or dangers 
could occur through jamming, spoofing, or misusing 
GPS in relation to a nation’s infrastructure?

What Happens If GPS Stops Working?
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Chapter Wrap-Up

This chapter provided an introduction to how the Global Positioning  System 
operates as well as how GPS is able to find where a receiver is located on 
the ground. An increasingly popular GPS application is the kind of in-car 
navigation system manufactured by companies such as Garmin, Magellan, 
and TomTom (many of these also operate on smartphones). These types of 
 systems not only plot your location on a map using GPS, but can also show 
surrounding roads and nearby locations (such as restaurants or gas stations), 
locate an address, and show you the shortest route from your current posi-
tion to any location. The only one of these features that’s actually using GPS 
is the one that finds your current location—the rest are all functions that are 
covered in Chapter 8. Until then, starting in the next chapter, we’ll begin to 
focus on the actual computerized mapping and analysis that underlies those 
types of in-car systems, all of which are concepts of GIS.

This chapter’s lab will start putting some of these GPS concepts to work, 
even if you don’t have a GPS receiver. Before that, check out GPS Apps for 
information on some available apps that use the GPS capabilities of your 
mobile device, as well as GPS and GNSS in Social Media for Facebook, 
 Twitter, and Instagram accounts, along with a blog related to GPS.

Important note: The references for this chapter are part of the online 
companion for this book and can be found at www.macmillanlearning.com/
catalog/shellitoigt4e.

GPS Apps

Here’s a sampling of available representative GPS apps for your smartphone 
or tablet. Note that some apps are for Android, some are for Apple iOS, and 
some may be available for both.

 ➤ Commander Compass Lite: An app that determines your position and 
then turns your mobile device into a compass for navigation

 ➤ Compass GPS: An app that uses your device’s GPS in conjunction 
with a compass for navigation

 ➤ Cyclemeter GPS: An app designed for cyclists that finds your position 
and keeps track of your distance, riding time, and speed 

 ➤ Golf GPS Rangefinder and Scoring: An app designed for golfers 
which determines location and gives a view of golf courses and their 
features through aerial imagery

 ➤ GPS Essentials: An app that contains several GPS utilities (and bills 
itself as the “Swiss army knife” of GPS navigation)
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116 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

 ➤ Trails—Outdoor GPS Logbook: An app that uses GPS to create a 
GPX layer of where you walk or drive

 ➤ Travel Altimeter Lite: An app that determines your position and 
elevation and also serves as a compass 

 ➤ Wikiloc outdoor navigation GPS: An app that uses GPS to find your 
 position for use in outdoor activities such as hiking

GPS and GNSS in Social Media

 On Facebook, check out the following:

 ➤ European GNSS Agency:
 http://www.facebook.com/EuropeanGnssAgency

 ➤ Garmin:  
 http://www.facebook.com/Garmin

 ➤ Geocaching.com: 
 http://www.facebook.com/geocaching

 ➤ GPS World Magazine: 
 http://www.facebook.com/GPSWorldMag

 ➤ Magellan GPS: 
 http://www.facebook.com/MagellanGPS

 ➤ TomTom: 
 http://www.facebook.com/TomTom

 Become a Twitter follower of:

 ➤ EGNOS Portal: @EGNOSPortal
 ➤ European GNSS Agency: @EU_GNSS
 ➤ Garmin Blog Team: @Garmin
 ➤ Galileo GNSS: @GalileoGNSS
 ➤ Geocaching.com: @GoGeocaching
 ➤ GPS World Magazine: @GPSWorld
 ➤ Magellan GPS: @magellangps
 ➤ TomTom: @TomTom
 ➤ Trimble: @trimbleGIS
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Key Terms

3D trilateration (p. 103)
almanac (p. 101)
Beidou-2 (p. 110)
C/A code (p. 101) 
channels (p. 100) 
constellation (p. 99)
control segment (p. 100) 
CORS (p. 108) 
DGPS (p. 107)
dual frequency (p. 100)
EGNOS (p. 110)
ephemeris (p. 101) 
Galileo (p. 110)
geocaching (p. 112)
geocoin (p. 113)
GLONASS (p. 110)
GNSS (p. 98)

GPS (p. 97) 
GPX (p. 111)
MSAS (p. 111)
multipath (p. 106)
NAVSTAR GPS (p. 98) 
NDGPS (p. 108)
P code (p. 101)
PDOP (p. 106) 
pseudorange (p. 101)
SBAS (p. 109)
selective availability (p. 105) 
single frequency (p. 100) 
space segment (p. 98)
trilateration (p. 102)
user segment (p. 100) 
WAAS (p. 109)
Y code (p. 101)

 Become an Instagram follower of:

 ➤ Garmin: @garminpics
 ➤ Geocaching: @geocaching

For further up-to-date info, read up on this blog:

 ➤ Garmin Blog (the official blog from Garmin with news and updates 
about GPS products and applications): http://garmin.blogs.com

 ➤ Geocaching Blog (the official blog from Geocaching.com): 
https://www.geocaching.com/blog
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This chapter’s lab will examine the use of the Global Positioning System (and 
other global navigation satellite systems) in a variety of activities. The big 
caveat is that the lab can’t assume that you have access to a GPS receiver unit 
and that you’re able to use it in your immediate area (and  unfortunately, we 
can’t issue you a receiver with this book). It would also be useless to describe 
exercises involving you running around (for instance) Boston, Massachu-
setts, collecting GPS data, when you may not live anywhere near Boston. 

This lab will therefore use the free Trimble GNSS Planning Online 
 software for examining GNSS satellite positions and other planning  factors 
for the use of GNSS for data collection. In addition, some sample Web 
resources will be used to examine related GNSS concepts for your local area.

Important note: Though this lab is short, it can be significantly expanded 
if you have access to GPS receivers. If you do, some of the  geocaching  exercises 
described in Section 4.5 of this lab can be  implemented.  Alternatively, rather 
than just examining cache locations on the Web (as in Section 4.4), you can 
use the GPS equipment to hunt for the caches themselves.

Objectives
The goals for you to take away from this lab are:

 ➤ To examine satellite visibility charts to determine how many satellites 
are available in a particular geographic location and to find out when 
during the day these satellites are available

 ➤ To read a DOP chart to determine what times of day have higher and 
lower values for DOP for a particular geographic location

 ➤ To explore some Web resources to find publicly available geocaches or 
permanent marker sites that you can track down with a GPS receiver

Using Geospatial Technologies
The concepts you’ll be working with in this lab are used in a variety of real-
world applications, including:

 ➤ Precision agriculture, in which farmers utilize GNSS to find more 
 efficient means of maintaining crops through having access to very 
accurate crop locations

 ➤ Geology, which uses GNSS for collecting location data while in the 
field, such as the precise coordinates of groundwater wells

4.1 Geospatial Lab Application

GNSS Applications
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1194.1 GEOSPATIAL LAB APPLICATION

Obtaining Software
No software or data is necessary to download for this lab—everything you 
will be working with can be done through a Web browser. However, the 
Trimble GNSS Planning Online software requires you to have  Microsoft 
Silverlight installed on your computer in order to work properly. You can 
download and install Silverlight (for free) from here: http://www.microsoft 
.com/getsilverlight. Note that you’ll also need to be using a browser that is 
 compatible with Silverlight—at the time of writing, this included  browsers 
such as Safari (with enabled plug-ins), Mozilla Firefox (Extended Support 
Release), and Internet Explorer (but not Microsoft Edge).  Microsoft has 
indicated it will continue to support Silverlight and Internet Explorer until 
2021—this lab was designed using the most recent available version of 
Internet Explorer.

Important note: Software and online resources can change fast. This 
lab was designed with the most recently available version of the software at 
the time of writing. However, if the software or Websites have significantly 
changed between then and now, an updated version of this lab (using the new-
est versions) will be available online at www.macmillanlearning.com/catalog/
shellitoigt4e. 

Lab Data
There is no data to copy in this lab. All data comes as part of the Trimble 
GNSS Planning Online software.

[Source: © Richard Hamilton Smith/Corbis Documentary/Getty Images]
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120 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

Localizing This Lab
Note: This lab uses one location and one date to keep information  consistent. 
Although this lab looks at GNSS sky conditions in Orlando, Florida, there 
are many more geographic locations that can be selected using Trimble 
GNSS Planning Online software. Its purpose is to be able to evaluate local 
conditions for GNSS planning—so rather than selecting Orlando, use the 
default latitude and longitude for you own location and examine that data 
instead. You can also use today’s date rather than the one used in the lab.

Similarly, in Section 4.4 of the lab, you’ll be examining Web resources 
for geocaching locations in Orlando, Florida. Use your own zip code rather 
than the one for Orlando and see what’s near your home or school instead.

4.1 Getting Started with Trimble GNSS Planning Online
1. Start your Web browser and go to http://www.gnssplanningonline 

.com/. Note that it may take a minute for Microsoft Silverlight to load 
the Web resources for the program. 

2. The visibility of GNSS satellites will change with the time of day and 
your position on Earth. The Trimble Planning program will allow 
you to examine data from stations around Earth to determine GNSS 
information. The first thing we’ll do is select a location from which to 
examine satellite visibility. By default, Trimble Planning will use your 
current location.  You could also manually select your location for this 
lab, but for our purposes we’ll just enter the latitude and longitude 
of Orlando, FL. In the Latitude box type: N 28.5635 and in the 
Longitude box type: W 81.3724. 

3. Next, we’ll choose the date to examine GNSS satellite availability. 
Click on the small Calendar button to the left of the button marked 
Today. This will bring up a calendar from which you can select 
a specific date. For purposes of this lab, choose April 12, 2017. 
For Time Zone, choose the Eastern Time (US and Canada) option. 
Note: If you wanted to use today’s date, pressing the Today button 
would automatically adjust the desired date to the current one.
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4. Lastly, to examine an entire day’s worth of satellite information, select 
24 from the pull-down menu next to Time Span [hours].

5. Click the Apply button again now that the location, date, and time are set.

4.2 GNSS Satellite Availability Information
1. Trimble GNSS Planning Online allows you to examine 

satellite visibility (and other factors) from a local area at 
various times throughout the day. To choose which group of 
satellites you’re examining, press the Satellite Library button. 
Answer Question 4.1.

Question 4.1 How many GNSS satellites are currently being 
tracked by the GNSS Planning Online? How many of them are 
considered healthy? 

2. You’ll see in the window all of the various satellites being tracked 
by Trimble GNSS Planning Online. By clicking on the button that 
corresponds with the name of the GNSS you’ll see the active and 
inactive satellites that correspond with the particular GNSS. Click on 
Galileo and answer Question 4.2.

Question 4.2 How many Galileo satellites are currently active? 

3. Next, click on BeiDou (this is the name that Trimble GNSS Planning 
Online uses for Beidou-2/Compass) and answer Question 4.3.

Question 4.3 How many Compass satellites are currently active?

4. For this lab application, we will only be working with GPS satellites. 
Remove the checkmarks from the Glonass, Galileo, BeiDou, and 
QZSS boxes, and then click on the GPS box so that only the GPS 
satellites are selected (and the GPS button is indented).

4.1 GEOSPATIAL LAB APPLICATION
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122 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

4.3 GNSS Satellite Visibility Information

1. With only the GPS satellites chosen, we’ll now look at the number 
of satellites available for the chosen location on the chosen date. 
Press the Number of Satellites button and the view will change. 
A graph will appear, showing the number of visible satellites on the 
y-axis and a 24-hour time frame on the x-axis. Answer Questions 
4.4 and 4.5.

Question 4.4 At what specific times of day are the maximum 
number of GPS satellites visible? What is this maximum number? 
Hint: You can use the time slider bar in the lower-right corner of the 
Number of Satellites screen to give you the time that corresponds 
with a particular stack on the chart. These times are available in 
10-minute intervals.

Question 4.5 At what specific times of day are the minimum 
number of GPS satellites visible? What is this minimum number?

2. To determine which satellites are visible at specific times, press the 
Visibility button. A new chart will appear with the different satellites 
on the y-axis represented as colored bars stretching across the 
chart and the times those satellites are visible on the x-axis. Answer 
Questions 4.6 and 4.7.
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Question 4.6 Which satellites are visible from Orlando at 9 a.m.? 
Hint: You can again use the time slider bar to move the horizontal 
line to a particular time. You can also hover your cursor over a 
particular colored bar to obtain the satellite number that goes along 
with that bar. 

Question 4.7 Which satellites are visible from Orlando at 
4:00 p.m.?

3. To examine the position dilution of precision (PDOP) at a particular 
time of day, press the DOPs button. A new chart will appear showing 
the values of DOP on the y-axis and the times of day on the x-axis. 
Different types of DOP will be charted, each with their own different 
colored line. Answer Questions 4.8 and 4.9.

4.1 GEOSPATIAL LAB APPLICATION

05_SHE_31906_ch04_097-128_PP4.indd   123 10/3/17   1:38 PM

Copyright ©2018 W.H. Freeman Publishers. Distributed by W.H Freeman Publishers. Not for redistribution. 



124 Chapter 4 FINDING YOur LOCATION WITH THE GLOBAL POSITIONING SYSTEM

Question 4.8 At what time(s) of day will the maximum values 
for DOP be encountered? What is this maximum value? Hint: You 
can again use the time slider bar to move the horizontal line to a 
particular time. You can also hover your cursor over a particular 
colored line to determine which type of DOP that line represents.

Question 4.9 At what time(s) of day will the minimum values 
for geometric DOP be encountered? What is this minimum DOP 
value? 

4. To examine the ionospheric effects for a particular time of day, press 
the Iono Information button. A new chart will appear. It has two 
y-axes showing the Ionosphere Index values (on the right, with values 
from 1 to 10, with 1 being the least amount of ionospheric interference 
and 10 being the highest, based on the total electron count [TEC] and 
the ionospheric scintillation) while the x-axis shows the times of day at 
which this is occurring. Answer Questions 4.10 and 4.11.

Question 4.10 At what time(s) of day will the highest value of 
the ionospheric index be encountered? What is this value? Hint: 
You can again use the time slider bar to move the horizontal line to 
a particular time.  

Question 4.11 At what time(s) of day will the lowest value of the 
ionospheric index be encountered? What is this value? 
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5. Take another look at the three graphs you’ve used and answer 
Questions 4.12 and 4.13.

Question 4.12 Just based on the number of visible satellites 
and the ionospheric and DOP calculations, what would be the 
“best” (i.e., peak) time range during which to perform GPS field 
measurements in Orlando and why?  

Question 4.13 Just based on number of visible satellites and the 
ionospheric and DOP calculations, what would be the “worst” time 
range during which to perform GPS field measurements in Orlando 
and why?  

4.4 GPS and Geocaching Web resources
With some preliminary planning information available from Trimble 
GNSS Planning Online, you can get ready to head out with a GPS receiver. 
For some starting points for GPS usage, try the following: 

1. Go to http://www.geocaching.com. This Website is home to several 
hundred thousand geocaches (small hidden items) at locations 
throughout the world and lists their coordinates so that you can use a 
GPS to track them down.

2. In order to access the features of Geocaching.com, you will have to 
create an account. The basic account is free—click on Sign In, then 
follow the steps to create your account. The Website may send you an 
email with a link to use to verify your account information. Once your 
account is ready, log in to it using the username and password you just 
created and you’ll be moved to the main Web page.

3. On the main page of the Website, enter 32801 (one of Orlando’s 
many zip codes) in the box that asks for a zip code. Several potential 
geocaches should appear on the next Web page.

4. You can also search for benchmarks (permanent survey markers set 
into the ground) by going to http://www.geocaching.com/mark. 
On this benchmark page, input 32801 for the postal code. Answer 
Questions 4.14 and 4.15.

4.1 GEOSPATIAL LAB APPLICATION
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Question 4.14 How many benchmarks are available in the 
database for this postal code? How many of them are located within 
1 mile or less of the Orlando 32801 postal code? 

Question 4.15 What are the coordinates of the closest 
benchmark to the origin of the postal code? 

4.5 GPS and Geocaching Applications
As we touched on back in the introduction, there’s a lot more that can be 
done application-wise if you have access to a GPS receiver. For starters, 
you can find the positions of some nearby caches or benchmarks by visit-
ing http://www.geocaching.com and then tracking them down using the 
receiver and your land navigation skills. However, there are a number of 
different ways that geocaching concepts can be adapted so that they can be 
explored in a classroom setting. 

The first of these is based on material developed by Dr. Mandy 
 Munro-Stasiuk and published in her article “Introducing Teachers and 
 University Students to GPS Technology and Its Importance in Remote 
Sensing Through GPS Treasure Hunts” (see the online chapter references 
for the full citation of the article). Like geocaching, the coordinates of loca-
tions have been determined ahead of time by the instructor and given to 
the participants (such as university students or K–12 teachers attending a 
workshop) along with a GPS receiver. Having only sets of latitude/ longitude 
or UTM coordinates, the participants break into groups and set out to find 
the items (such as statues, monuments, building entrances, or other objects 
around their campus or local area). The students are required to take a 
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photo of each object they find, and all participants must be present in the 
photo (this usually results in some highly creative picture taking). The last 
twist is that the “treasure hunt” is a timed competition, with the team that 
returns first (and having found all the correct items) earning some sort of 
reward, such as extra credit or—at the very least—bragging rights. In this 
way, participants learn how to use the GPS receivers, how to tie coordinates 
to real-world locations, and they also get to improve their land navigation 
skills by reinforcing their familiarity with concepts such as how northings 
and eastings work in UTM. 

A similar version of this GPS activity is utilized during the OhioView 
SATELLITES Teacher Institutes (see Chapter 15 for more information on 
this program). Again, participants break up into groups with GPS receivers, 
but this time each group is given a set of small trinkets (such as small toys or 
plastic animal figures) and instructed to hide each one, registering the coor-
dinates of the hiding place with their GPS receiver and writing them on a 
sheet of paper. When the groups reconvene, the papers with the coordinates 
are switched with another group, and each group now has to find the other’s 
hidden objects. In this way, each group sets up its own “geocaches” and then 
gets challenged to find another group’s caches. Like before, this is a timed 
lab with a reward awaiting the team of participants that successfully finds 
all of the hidden items at the coordinates they’ve been given. This activity 
helps to reinforce not only GPS usage and land navigation, but also the ties 
between real-world locations and the coordinates being recorded and read 
by a GPS receiver. Both of these activities have proven highly successful in 
reinforcing these concepts in the participants involved.

However you get involved with geocaching, there are numerous GPS 
apps available for your smartphone or tablet that can be used in the field to 
obtain your coordinates and plot your location on a map.  See pages 115–
116 for some examples of free apps to check out.

Closing Time

This lab illustrated some initial planning concepts and some directions in 
which to take GPS fieldwork (as well as some caches and benchmarks that 
are out there waiting for you to find) to help demonstrate some of the con-
cepts delineated in the chapter. The geocaching field exercises described in 
Section 4.5 can also be adapted for classroom use to help expand the com-
puter portion of this lab with some GPS fieldwork as well. 

Starting with Chapter 5, you’ll begin to integrate some new concepts of 
geographic information systems into your geospatial repertoire.

4.1 GEOSPATIAL LAB APPLICATION
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