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Preface and Disclaimer

Although | say essentially the same thing in the introduction, | believe that it
bears being said separately for emphasis.

Both the e-book and print on demand versions of this book are not professionally
edited or published. Professional editing adds a layer of confidence in that the
text is checked for both writing errors as well as factual errors. Although |
consider myself to be knowledgeable and | have tried to make this information
accurate to the best of my knowledge, this book has not been edited.

Although | have hopefully provided accurate information that will increase your
level of safety and effectiveness in navigating with GPS, | take no liability for any
of the material.

If this book proves to be sufficiently popular, | may have it edited and published in
a more formal manner. By doing so | will have to freeze the content and updates
will be harder to make and fewer.

The grammatical and general stylistic errors will be the easiest to fix by hiring
somebody with more writing skill. Although | am open to such corrections, these
are not my primary concern. | would very much like to hear about substantive
errors. These are cases where | was outright wrong or explained something in a
manner that while being logical to me, was actually confusing.

| would also like to hear if this book helped you and if there are things that you
wish that | had included but did not. Not that | will necessarily include them,
there has to be some winnowing of subject matter, but | do appreciate any ideas.

Sincerely,

John Bell
handheldgps@hotmail.com
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Introduction

Chapter 1 Introduction
What | hope to accomplish in this book.

It is possible to go into a chain store and purchase a GPS receiver which will give
more navigation capability than was available at any price just a couple of years
ago. However, many people have no idea what they can do with one. Many of
the people that have GPS receivers are using their GPS receivers to a fraction of
their potential. My intent is to try to show you how to use a GPS for many
recreational activities.

Which GPS receivers | address.

| use screen shots from several different GPS receivers. | occasionally mention
a feature or trick that is applicable to a specific receiver. However, this book in
no way is meant to be model specific. Much of navigation is relating parameters
such as bearing, cross track error, track, routes, etc. Whether you are using a
very economical handheld GPS receiver, an expensive marine chart plotter, or
an integrated flight management system on an airliner, many of the principles of
navigation are similar.

Different receivers have different keystrokes and menu selections to accomplish

certain tasks. This is certainly true from manufacture to manufacture, but this is

even true between different receivers made by the same manufacture. Although

| may occasionally give advice relevant to a specific receiver, for the most part |

do not tell you the button and menu sequences to accomplish a specific task.

This is the realm of the ownerdés manual an
familiar with it. Generally, there is a logic to the menus and button presses.

Even if the logic is not what you might try on the first guess, a little trial and error

will usually get you to the required menu or function.

My experiences and qualifications

The perspective of an author always influences a book. It is fair that you know
my expertise and experience relative to using GPS.

By profession, | am an airline pilot for a major airline in the U.S. | also have a

degree in Aerospace Engineering. One thing that | am not is a writer. Even

though my professional expertise is flying, | have used GPS for a variety of

activities. | have used GPS for aircraft navigation, kayaking, rowing, bicycling,

personal watercraft riding, and | commonly use GPS to find my way around

unfamiliar cities. Some of the uses of GPS that would get strange looks from my
neighbors i f they didndt knohaveqea@GPS wel | a
into my hat to measure the linear distance mowing my lawn. | commonly inline

Basic GPS Navigation 1
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Introduction

skate around the neighborhood with a GPS strapped to the top of my helmet to
tell me how far and fast | have skated.

In only one of these activities that | have used GPS, flying, would | claim to be an
expert or at least professional. | am confident in my knowledge of how to use
GPS for navigation, but my advice does not extend beyond the GPS aspect of
the activity. Thus, there are many subjects that | do not cover in much detail,
such as reading nautical charts or topographic maps because they are beyond
the scope of the book and my expertise. The good news is that there is much
good material addressing these issues.

A brief history of this book

My little sister married a Norwegian. She was kind enough to release me from
the standard bridal registry of useless things such as fine china. Instead she let
me know that they could really use some camping gear. Living in the Houston,
Texas at the time, | would occasionally read about someone being caught in a
blizzard and being lost. Certainly Norway qualified as having blizzard potential,
so | also purchased a GPS for my little sister so that she and her new husband
would be able to navigate their way through any surprise blizzard.

Unfortunately, | played with the GPS before | gave it to her. | had to have one

also. | was amazed that for a couple of hundred dollars, this handheld device

would provide much of the navigation information that the boxes costing

hundreds of thousands of dollars in the airliners that | was flying. | became

fascinated with GPS, and | think that my si st
Norway.

When | first started using GPS in airplanes, | realized that many pilots did not
know how to use GPS to its fullest potential. What started as an e-mail became
a website which eventually became a downloadable book, Cockpit GPS
(www.cockpitgps.com). GPS became somewhat of a hobby and | would often
talk to boaters about using GPS. | would also talk to salesman at local boating
stores, occasionally go to seminars for boaters, and read several books.
Unfortunately, | found a shortage of knowledge and skill in using GPS. 1 also felt
that many of the books on using GPS left out some crucial skills in using the
GPS. Thus, | wrote Small Boat GPS which was published on the Internet.

Much of what was in Small Boat GPS is generic to navigation using GPS and is
applicable across a wide variety of activities. Thus, this book is a re-editing and
expansion of the scope of Small Boat GPS.

Nomenclature

2 Basic GPS Navigation
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GPS stands for Global Positioning System. It is a system that includes satellites

that are monitored and controlled by ground stations as well as receivers. The

thing commonly referred to as a GPS is actually a receiver integrated with a

navigation computer, sometimes called a GPS navigator. Referring to a GPS

navigator while being technically incorrect is the common usage. | feel that

nothing is lost in this somewhat incorrect terminology and | often use the term

AGPS0O in reference to the receiver. 't i1's
receiver is being referenced and when the whole system is being referenced.

Synopsis

| have tried to lay out this book in a logical manner. However, this is not a novel;
pick and choose what you find interesting and useful. There is information that
some people will find irrelevant that others will find useful. For example, if you
already have a GPS, you will not need advice on which GPS to buy. If you have
a mapping GPS, you will not need to figure out how to get waypoints.

1 How it works

Every book has a description of how GPS works. There is also much
good information available on the web. | have a brief oversimplified
explanation that will hopefully give you the conceptual knowledge of how
GPS works.

 Issues

GPS is a wonderful technology, but there are some caveats and
limitations that you should understand.

1 Which GPS

Before you can use a GPS, you must have one to use. GPS receivers are

like any other piece of electronics in that new models are constantly

replacing old models. Thus, a model-by-mo d e | buyerés guide q
becomes obsolete. Although I list my opinions on some specific models,

my primary goal is to let you know what issues to consider in choosing a

GPS.

1 Where to get Waypoints

Another issue is where to get waypoints. Before you can navigate with a
GPS. ltis necessary to describe where you want to go to the GPS
receiver. There are a variety of methods for getting these coordinates.
Some are as easy as pointing and clicking on a mapping GPS. There are
also ways to get coordinates using a computer including Internet sites.
Maps and charts are also useful for finding coordinates. Using a road

Basic GPS Navigation 3
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Introduction

map for flying would obviously be improper. However, a road map might
be ideal for using with a basic GPS for a canoe trip. A proper topographic
map may be better in such a case. However, the time and expense of
acquiring such a map may be overkill when a road map or free map from
the ranger station might be adequate.

1 Navigation terminology

Although it is possible to navigate with GPS in a rudimentary fashion
without knowing basic GPS terminology, there are some terms that you
should know.

1 Navigation Displays

This chapter explains how the GPS displays the navigation information.

1 How to Navigate

| divide GPS navigation into two-dimensional vehicle navigation, foot
navigation, and path navigation. Two dimensional vehicle navigation
applies to steering a vehicle such as an airplane or a boat where the GPS
is used for a steering reference.

Path navigation is where the GPS is used to orient and provide progress
along a route such as boating along a river or traveling along a road or
trail. However, in path navigation the GPS is not actually used for steering
guidance. The sides of the road or banks of the river provide guidance.

Furthermore, there is a slight variation in using GPS for foot navigation.
One of the biggest advantages of GPS is that it provides information on
the direction that you are traveling. This is unique in that most systems in
the past have only provided information on the direction that a vessel is
pointing. Due to currents and winds, there is often a significant difference.
However, often during foot navigation the GPS is unable to provide
direction of travel. Thus, there is a difference in navigation technique.

4 Basic GPS Navigation
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Chapter 2 How GPS Works

There is no shortage of information on how GPS works. My explanation is meant
as a brief summary. If you would like more information, | have many sources in
the links and reference section.

Essentially GPS takes the range (distance) from a constellation of satellites to
calculate your position. If the GPS knows where you are and you tell it where
you want to go it is then able to calculate bearings, distances, off course
distances, and your track.

If you want to have a slightly more detailed explanation, | have a slightly longer
but still purposefully over simplified explanation in the next several pages. If you
want a more detailed explanation than | offer, here are some sources:

1 GPS Explained, Paul Bertorelli of IFR magazine
http://www.avweb.com/articles/gpsexpln.html
One of the best explanations that | have seen on how GPS works.

1 GPS Guide for Beginners, http://www.garmin.com/aboutGPS/manual.html
This is a Garmin pamphlet that is good at explaining the basics of how
GPS works. There are also basic introductory explanations of elementary
navigation terms.

1 Trimble GPS tutorial, http://www.trimble.com/gps/index.htm
This is a Flash explanation of how GPS works.

1 Navtech GPS Seminars and Supply, http://www.navtechgps.com
If you want a post graduate engineering text on GPS, Navtech would be a
source.

Basic GPS

The GPS system consists of 24 satellites. The number may vary slightly as new
ones are launched and old ones are retired. Each satellite is in an 11,000 mile
orbit and transmits a very weak signal. The system is monitored and maintained
by the U.S. Military. The satellites only broadcast to the user and the user only
receives. There is no charge for use.

To start with, assume that all of the satellites and the receiver have a perfect
internal clock. This is not the case, but it makes a good starting point. Each
satellite transmits a coded signal. Consider this signal to be like the peaks and
ridges along the edge of a super long key. This code is generated as a function
of time. The receiver is also able to generate the same code. The receiver
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How GPS Works

matches the incoming code to the internally generated code except that there is

adelaycaused by the signal és travel time bet ween
The receiver measures how much it has had to shift the timing of its code to

match the incoming code. Since the receiver knows how much time it took the

signal to reach the receiver and the speed of travel of the signal, it can then

calculate the distance from the satellite.

If you know how far you are from one satellite then you know that you are
somewhere along an imaginary sphere around that satellite. If you know how far
you are from two satellites, then you are somewhere along the intersection of
where these two spheres, which is a circle. If you add another satellite, then you
are somewhere where this third sphere intercepts the circle created by the
intersection of the other two spheres. The sphere will most likely intercept the
previous circle at two points. One of these points is where you are, and the other
is not a reasonable solution i somewhere in outer space. Thus by knowing
where you are relative to these three satellites the receiver with a perfect clock
can know where it is.

Although no clock is perfect, the satellites have atomic clocksd pretty close. The
clock in the GPS receiver is closer in technology to an inexpensive digital watch.
Light travels at 186,000 miles per second. If the receiver time was off by 1/100 of
a second the calculated distance would be off by 1,860 miles.

For each receiver to have its own cesium clock would make GPS technology
prohibitively expensive and non-portable. What the GPS receiver does is to use
a cheap clock similar to a digital watch and add one more satellite to the
calculation to correct the time in the receiver. The receiver shifts the time
calculation back and forth so that all of the imaginary spheres around the
satellites intercept at one point.

For three-dimensional navigation you need to receive four satellites. Think of it
as one satellite for each dimension and one for the time. For two-dimensional
navigation you can scrape by with only receiving three satellites. If you know
your altitude, the GPS can treat the center of the earth as a satellite reducing the
number of required satellites by one. Your distance from the center of the earth
is the radius of the earth plus your altitude. This is why aviation GPS models
have barometric altimeter input and you may occasionally see a handheld GPS
ask for your altitude during poor reception conditions.

Newer GPS receivers use the extra signals above the minimum that is required
to further refine the position for increased accuracy. This is known as an over
determined solution.
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Selective Availability, SA

SA is an intentional error introduced into the GPS signal to make it less accurate.
Although | suppose that the military could turn it on again, SA no longer exists. |
mention it because you may see it in mentioned in literature on GPS.

Not only is GPS good for flying airplanes, but it is good for guiding bombs and
missiles. To prevent somebody else from doing this well, the military added a
little random time shift to the satellite signal available for civilian use. This added
some inaccuracy to the calculated position.

Error correction technologies such as differential GPS, WAAS, and LAAS take
out much of the SA induced error. Thus a sophisticated enemy could negate the
effects. Thus, selective availability was turned off.

Differential GPS

If you have an inaccurate piece of equipment, but know exactly how inaccurate
the output is, then you know the correct value. For example, if your watch was
exactly 5 minutes fast, you could look at your watch and subtract five minutes to
know exactly what time it was. In fact, | have found most people who use this
watch setting technique to prevent chronic tardiness also subconsciously perform
this calculation every time they look at their watch.

Differential GPS technologies use a similar idea. The signal from each satellite
must pass through the atmosphere. The atmosphere, and especially the
ionosphere, causes errors due to refraction. The GPS receiver has some
internal models to calculate these effects, but an even better way is to directly
measure the errors.

The idea of differential GPS is to install a GPS receiver at a known point. Since
the location is known, this GPS compares the distance to each satellite and to
what it should be and then rebroadcasts the error in digital format. GPS
receivers so equipped can then use this known error in its position calculations.

Basic GPS

Basic GPS uses local receivers and local transmitters. In order to use differential
GPS, you need a special differential receiver which then sends the signal to the
the GPS. Differential GPS is mainly a marine application and it is not widely

used for recreational applications.

For more information on differential GPS:
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http://www.navcen.uscq.gov/dgps/default.htm

One of the biggest advantages of differential GPS is that it helped to eliminate
the purposeful errors caused by Selective Availability. Now that Selective
Availability has been turned off, the level of accuracy increase from using
differential GPS is significantly less. Additionally, WAAS, Wide Area
Augmentation Service is common in most new GPS receivers. WAAS is a
differential type of technology.

WAAS

Another differential technique is known as WAAS, Wide Area Augmentation
Service. WAAS has 25 receivers scattered around the United States. A
mathematical model of the satellite errors is created based on the measurements
and the error correction values are then sent to a geo synchronous satellite to be
rebroadcast. The advantage of WAAS over conventional differential GPS is that
it is available in small handheld receivers without needing a separate receiver. In
fact, almost every new GPS receiver is WAAS capable.

Europe is developing a system similar to WAAS called EGNOS, European
Geostationary Overlay Service. Japans is developing MSAS, Multi-Function
Satellite Augmentation System. Hopefully, any WAAS receiver should work with
EGNOS or MSAS.

WAAS was designed for aviation use. GPS is more accurate in laterally than for

altitude. One of the goals of WAAS was to provide sufficient accuracy to allow

GPS to be used to provide vertical guidance during an instrument approach.

Most larger airports have something called an ILS (Instrument Landing System)

which provides a Aradio beamo down to the ru
airports do not have this expensive navigational infrastructure. There are many

issues involved, but WAAS enabled GPS approaches with vertical guidance offer

big safety improvements to runways without ILS equipment.

The other goal of WAAS is not so much accuracy as it is integrity. If a satellite is
sending a bad signal, it takes a few minutes to detect and stop broadcasting the
signal. Currently aviation receivers use satellite signals beyond the minimum
required to cross check the accuracy of the signal. For example, if you need 4
satellites to determine a position and you are receiving 5 satellites, you can use
the extra signal as a cross check. This is called RAIM, Receiver Autonomous
Integrity Monitoring. Part of WAAS provides integrity checking which is faster
than what is offered through the basic GPS system.

Most newer inexpensive handheld GPS receivers, use the extra signals above
the minimum that is required to further refine the accuracy of the position
solution. The technical difference between RAIM and the possibly proprietary
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algorithms that consumer handhelds use is well beyond the scope of this
discussion or my knowledge. However, | think that it is fair to say that an aviation
receiver is optimized to give as quick of a warning as possible to bad or
insufficient satellite data, whereas a consumer GPS and the aviation handheld
receivers that they are based on them are not designed with this in mind. In fact,
consumer handheld receivers are probably more designed to not give nuisance
warnings than they are to give timely warnings of bad navigational data. This is
not necessarily bad design as much as it is a reflection of differing design
parameters for different uses. For the most part, this is not a big issue, but it is a
very good reason why you cannot use a handheld receiver as if it were a certified
aviation receiver.

What your GPS does when it starts up

You may have noticed that the amount of time it takes for your GPS to calculate
a position varies. It will take an especially long time to get an initial fix when you
first start it and it will get a fix very quickly when you start it again after just
shutting it down.

The GPS has two types of data on the location of the satellites and their orbits.
The first is a rough idea of where each satellite is located and is called the
almanac. This almanac data is good for a couple of months. If the GPS does
not have a current almanac it will take about 15 minutes to download.

The second type of data is the fine data more technically referred to as the
ephemeris data. Each satellite broadcasts the almanac which is applicable to all
of the satellites, but only broadcasts its own ephemeris data. The ephemeris
data takes 18 seconds to download and is good for a couple of hours. Itis this
ephemeris data that the GPS actually uses for deriving a position. The almanac

is used for deci dilmpkwHioah 6satellites to i

For most 12 channel parallel receivers, the GPS will start looking for the satellites

that it expects that it can receive based
almanac data. The GPS assumes that it is where it was last shut down and the

clock is correct. However, you can change the position and time, this is called

initialization.

No accuracy is required in this initial position. | have shut down my GPS in
Florida and turned it on in Europe and was able to get a position. The GPS did
not attempt to look for satellites that would be in view to the east because they
would be invisible from Florida where the GPS was assuming that it was.
Likewise, the GPS was attempting to download data from satellites that would be
well over the western horizon from Europe that would be visible from Florida.
However, there are usually enough satellites that would be visible from both
Europe and Florida and eventually the GPS will get a position and sort things out.
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| have been keep the GPS from getting a lock in the wide open outdoors by
initializing it to the other side of the world. Thus none of the satellites that it was
attempting to receive would be in view. The point of this is that when you give
the initial position during the initialization, accuracy is not important i anywhere
within a couple of thousand miles is probably good enough.

Obviously, part of this calculation is the almanac data. If the Almanac data is
grossly out of date, the GPS will not have the correct data to calculate which
satellites to look for. The almanac data takes 12.5 minutes to download. Thus,
you should leave the receiver on for at least 15 minutes to a half hour every
couple of months to get a fresh almanac.

Most receivers have a mode where they can just start searching cycling through
the list of satellites searching in a trial and error manner. The advantage of this
mode is that it does not depend on a initialization position, time, or current
almanac.

Most receivers will display a list of choices if it has trouble getting an initialization
asking you if you want to use the automatic mode, enter a new position, continue
trying with the same initialization, or just give up because you are indoors.

Having more than 12-channels will make most of this discussion a non-issue.

Cobra makes a handheld GPS with 18 channels at the time of this writing. |

woul d be surprised i f other manufactures
getting an initial first fix usually is not a problem. When it is a problem, it is

simply dealt with by giving the GPS a new position or using the automatic mode.

Once the GPS starts to receive data from a satellite, it will show a hollow bar on
the satellite page. On some receivers you might see bars go solid with others
following. On other receivers you might not see any go solid until at least three
go solid simultaneously. In the first case, the bars go solid as soon as the
ephemeris data can be used to give a pseudorange to calculate a position. In
the second case, the solid bar indicates that the satellite is being used for a
position fix. In this second case, If at least three satellites are not being received
with current ephemeris data, there is no position fix and therefore an individual
satellite is not being used for a position fix because there is none.

A ADo for differential superi mposed on t
being applied.
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Chapter 3 Issues
Proficiency

| find that the biggest shortcoming with GPS is that users do not know how to use
it. A GPS is a powerful tool. Itis up to the user as to whether it is used like a
hammer in the hands of a two year old or in the hands of a craftsman. Human
Factors Ph.D. theses have been written about the application and pitfalls of
automation and advanced tools such as GPS, especially in the aviation field.
GPS can be a distraction, it can create complacency, it can carry you down the
road to the wrong destination. However, when wisely and proficiently applied,
GPS navigation can significantly improve your situational awareness and be an
overall safety enhancement.

GPS is often easy to use on one level, but it is also very sophisticated if you want

to master it. In this respect, GPS is similar to many other fields. Take the

example of an engineer. Calculators are available at a modest price that would

amaze an engineer working on the space pro
does not mean that you can go into a local chain store and buy a programmable
scientific calcul at or ,angl andbd ablerno,desigreaad t he
rocket to the moon. Keeping with the same analogy, you can go to the chain

store, buy the calculator, and immediately be able to add, subtract, and multiply.

You do not need to know every function to get utility out of the calculator.

How to become proficient

One of the biggest factors in becoming proficient is simply to use the GPS.
Obviously, the best thing is to just get out and use the GPS. However, some
activities such as some forms of boating, flying, or learning to use your new GPS
when you live in cold climates and you just got a new GPS for Christmas are
more suitable to using the simulator mode.

The specifics on how to use the simulator vary from model to model. Most of the
simulator modes allow you to set a speed and track as well as to allow the GPS
to automatically track the navigation information. A known exception to this is the
Garmin eTrex series, including the Legend series, which allow you to only follow
the navigation information at a set speed.

For most Garmin GPS receivers, go to the satellite page, press menu and select
the simulator function. You can also use the menu on the satellite page to select
ANew Locationo to |l ocate the GPS wherever

Press the page button until you get to the compass page. On some GPS
receivers this is called the pointer, compass, HSI, RMI, etc. | get into the details
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of these displays later, but just get to the page with a compass card display.
From this page you can use the rocker pad to control the speed and track. Up
and down controls speed and left and right steers. If you execute a route or a
GOTO, the GPS will usually follow it; however, you can manually override the
track with left and right on the rocker pad. You can also set in values in the setup
menu, but the rocker pad is usually easier. A couple of extra details: On some
GPS receivers, such as the Garmin 196 the zoom keys can be used to set the
altitude.

The simulator function is a great way to dpl a
functions. Most of the screen shots in this book have been made using the
simulator mode.

GPS fixation

Precise navigation using GPS is of no benefit as you run over something or
somebody or get run over yourself. GPS can be an eyeball magnet, especially
when you first start using it. It is still vitally important that you do not let it distract
you from your other duties such as looking for hazards and traffic.

As you become proficient, you should be able to get the information that you
need from the GPS by just including it in your scan. | think that ease of using
GPS actually frees up brain computing power to be used else ware. The catch is
that this depends on your proficiency at using GPS.

GPS dependence

Name the activity -- flying, kayaking, boating, etc. Many fol d handso think
there people too dependent on GPS. If you take away the GPS, then several

people will be clueless. | think that this view has its merits. However, if you learn

to navigate with GPS as opposed to using GPS to avoid learning basic

navigation, then | do not think this will be a great problem.

I f there is a rule of thumb, I would say
|l osing the GPS would | eave you unable to
GPS fails, how will | find my way ? 0

O
-0
35 5
o O

GPS is not unique in this regard. When | fly over the ocean, the flight plan still
has dead reckoning headings and times to fly should we loose all navigation
data. This is in addition to triple inertial navigation systems which are able to
navigate with no external input. Also, it is often possible to visually follow another
aircraft at a different altitude on the same track. In other words, there are several
options.
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However, when | go on a well-marked trail in the local state park, do | carry a
topographic map and a compass? No. If the GPS dies, | can follow the signs or
just ask somebody. Obviously, the GPS is not even necessary.

My point is that there are too many situations for me to give you some specific
admonishment. Just use common sense and think of various contingencies.

There is the possibility of the whole GPS system going down. For the most part |
consider this to be fairly unlikely i not that it is impossible and that you should
not have a contingency. In fact, this fear and is one of the reasons that Europe
is implementing its own GPS system, Galileo. For areas of systems
unavailability you can check the U.S. Coast Guard website at
http://www.navcen.uscg.gov/gpsnotices/.

The most likely failure is from the failure of your receiver. For a handheld
receiver, the most likely failure mode is power failure -- carry spare batteries.

You might also consider having a spare receiver. A relatively inexpensive battery
powered handheld makes a great emergency backup whether the primary
navigation is another handheld GPS or an expensive onboard navigation system
that uses shipds power.

Operator Error

The biggest weakness of GPS is operator error. Not that this is unique to GPS
technology. If you ignore the conspiracy theorists; a 747, KAL 007, was shot
down because the pilots input the wrong co-ordinates into the inertial navigation
system. Part of the vulnerability of GPS is that it is too easy to blindly follow it.
Accurately navigating to the wrong place is of no benefit. In spite of this, with the
proper precautions, GPS is one of the most dependable systems available.

| see two independent courses of action to reduce operator error: identify the
most likely sources of error and cross check the solution.

The cross check will most likely be a method of navigation that you could rely on
if appropriate. In all cases, the first and best cross check is your own
reasonability filter. Is the distance and direction that the GPS is indicating
reasonable? Mapping GPS receivers also add the cross check of looking at the
route on the map display

The two biggest potential sources of error are in measuring the coordinates and
then in entering coordinates into the GPS. A good way to eliminate both of these
errors is to have a mapping GPS and to enter the route or waypoint using the
map display. A second way is to create the waypoints and route on the map
display of a computer and transfer them into the GPS directly. If you merely
measure the waypoints using an Internet site or a mapping program, you have at
least eliminated the measurement error. If you are measuring directly from a
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chart and then entering the coordinates into the GPS, you are doubly vulnerable.
The only protection is being careful and double-checking.

Accuracy

Standard GPS is generally advertised to be accurate within about 15 meters (50
feet). In actual practice you will probably find basic GPS to be more accurate.
Differential GPS is accurate to within 3 to 5 meters (10 to 15 feet).

How accurate is accurate enough is a matter of perspective. A typical
recreational receiver is phenomenally accurate in the perspective of price and
intended use. If you start talking about landing an aircraft traveling 150 miles per
hour on a runway that is 150 feet wide, un-augmented GPS is insufficient.
Usually, the GPS would get the airplane very close to the centerline of the
runway, but every once in a while the airplane would be off in the grass. For this
reason, the pilot has to see the runway by a specified height before he continues.

For those of you who are pilots, | apologize for the oversimplification. For those
of you who have read about airplanes making blind landings, most airliners and
some business jets can, but this is not based on GPS.

My point is that | think that the accuracy of GPS is very impressive. However, |
would not depend absolutely on it. An example where | can see this becoming a
problem is for a boater trying to use GPS to navigate a narrow passage around a
hazard or through a narrow channel. In such a case, GPS is a great tool, and
would be sufficient 99% of the time. However, due to the small number of times
that the GPS accuracy is insufficient, it would be dangerous to depend solely on
un-augmented GPS without sighting the hazard or locating it on radar.

Ask yoursel f, Awhat 1 f | am really not where
your GPS shows an accuracy circle, this is just a calculation based on probable

error. Just because you are probably within the circle this does not mean that

you are absolutely in the circle.

In addition to the actual accuracy of the GPS there is the issue of the accuracy of

the surveys used to draw maps. It is very possible that the GPS is more

accurate than the map. Thus, a disagreement between the position indicated by

the GPS and your location on the map, the map may actually be in error.

Al t hough | have read of stories of islands be
you will find these errors to be large. However, when you wonder why a

landmark is a couple hundred feet from where it should be and the GPS is giving

a position error significantly smaller, the problem may be the map more than the

GPS.

The GPS will give an estimated position error, EPE. This is usually on the
satellite page. Understand that this is not a guarantee. For an actual
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measurement of this error, the GPS would have to know exactly where it was
and compare it to where it thought that it was. If it knew exactly where it was,
then there would be no use of measuring the error since it would know exactly.

The EPE is an estimate of how accurate the position is based on a number of
factors. It is undocumented, but | have read estimates that the EPE means that
there is a 50% estimated chance that you are within the given value of the
position. A 50% chance that you are within the EPE radius would also imply that
there is a 50% chance that you are more than the EPE measurement from your
position. Many of the Garmin handheld GPS receivers will also draw a circle
around the present position indicating the EPE.

Another accuracy measurement that you might see is Dilution of Precision, DOP.
This is a measurement of satellite geometry. A lower DOP is better than a higher
DOP.

For most recreational use, 1t isndt necess
DOP and EPE. Another point is that comparing two receivers by comparing EPE

readings is not that useful. The percentage that the EPE is based on is not

published and appears to vary from one model to another. So one receiver that

shows an EPE of 10 feet may not be more accurate than a GPS that shows an

EPE of 20 feet, but might just be reflective of a different percentage used for the

probability calculation.

If I have totally confused you, here is the main point. EPE and DOP are both
useful to see how well the GPS is receiving satellites and will give a rough idea of
the accuracy of the receiver. However, there is not much you can do about and
while it is interesting, it not something to worked up about.

A

F
30¢
overzoom

Figure 3-1

Figure 3-1 is the plot from a GPS V that | left on the dash of my car overnight. |
turned the WAAS off for dramatic effect. Also, the dash of the car causes the
signal reception to be less than ideal for satellites that are to the rear of the car.
However, this will give you an idea of GPS accuracy. This is an easy experiment
to repeat yourself.
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As | mentioned, the accuracy of the survey of the maps adds a possible error.

There is also a slight error added from compressing the maps into digital format
in a mapping GPS. Here are some screen shots from a Garmin GPS 11l Plus to
show you what | mean.

Figure 3-2 shows several inaccuracies. The dotted line is the path that | actually

TURN o OFF COURSE
R112° 65

DIST TO NEXT TIME TO DEST
£ .

T | "

Map Pointer N 28'28.883'
208° 0.9, WOB1'21.434' (553

L120€+4
QUETroom;

TURN - |OFF coufns:'
R112° 65"
DIST TO Nf:xr TIME TO DEST
Map Pointer N 28°27.841°
¢ 20" WOB1'21.436'

/

120f¢,
Joverzoom |

AKE AVE

Figure 3-2

traveled. In the first two, | never left my rowing shell to go on land. On the third
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As a test, | marked a spot at the tip of my dock using my Garmin GPS MAP 76
which has WAAS. | went out on several different times over a couple of days.
Each time that | stood on the same point at the end of my dock it showed me
within 7 feet and often closer to where | originally marked the waypoint.

Perspective on the issue is important. | have seen complaints on hewsgroups

about the accuracy of some of the GPS maps. Mostly the complaints are about
non-U.S. maps. From my personal experience, | am still amazed that they are as

accurate as they are. | certainly would not use the maps on a recreational GPS
for blind navigation in a tight space such as under a bridge or through a tight
channel. However, the GPS and the maps are still more than sufficiently
accurate in most cases to get you to the bridge or the mouth of the channel.

The limitations of accuracy also apply to paper charts. With a GPS you might be

tempted to plot and navigate a tight course between depicted hazards. From
what | have read, this has put a couple of boats on the rocks. Keep in mind that

many of the hazards on the paper charts were surveyed before GPS. Give these

hazards appropriate leeway or verify their precise position by other means.
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Hazards not depicted
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GPS depicts a hazard, it is probably there.

Figure 3-3

scussion
displayed. For example in the middle of the lake | usually boat on, there is what
varies between a shallow area and an outright island depending on the water
level. | have taken the liberty of roughly drawing this in the right screen in Figure
3-3. This is not depicted on any of the loadable GPS maps that | have seen.
Unfortunately, it is also not depicted on many paper maps. People have killed
themselves without using GPS by hitting this area at high speed at night. If the

of the accuracy

If the GPS does not indicate a

hazard, there might be one there anyway. Once again, use common sense and

prudence.

In coastal regions, several manufactures offer expensive loadable charting
products which show the same hazards as the government charts. Even if you
do not use these more expensive charts, the map display is still valuable. Like
any piece of equipment, you just have to be aware of its limitations and use it

accordingly.

Signal Availability

The GPS satellite signal is very weak and easily blocked, putting your hand over

the receiver will usually be enough to block it.

| would imagine that the designers

of GPS would rather have had a stronger signal, but you have to consider the
problem of getting power to run a transmitter in space. Given all of the various
limitations of payload weight and size, | would imagine that the satellite
transmitters are as powerful as possible given the various constraints of getting

them into space.

The implication for the user is that signal availability can be an issue in a number
of circumstances. One factor is where you locate the antenna, which | discuss in

more detail in the Choosing a GPS receiver chapter.

you are trying to use the GPS.

The other factor is where
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If you are boating and flying, signal reception is seldom a factor because you are
generally out in the open. Where this becomes a factor is using the GPS in a
city, hiking in heavy tree cover, etc.

Added to the blocking of the signal is something called Multi Path error, where
the signal bounces off of buildings or rocks before reaching the receiver. The
GPS works on the principle of calculating the distance the signal has traveled
from the satellite. If the signal zig-zags around a little by bouncing off of things,
this increases the distance and introduces and error.

| use GPS for finding my way around cites on layovers. | expect the signal to be
spotty. Needless to say, it is possible to find your location in a city without a
GPS. However, the GPS can be a useful tool. | will find that walking down the
street | often lose the satellite lock. When | am at a street corner, | find that | am
usually able to get a good position because the receivers view of the sky has
been improved.

| was riding in a bicycle ride in New York, www.bikenewyork.org. | found that
when | was stopped, the GPS position would float all over Manhattan and often
into the East or Hudson rivers. When | would start moving the GPS would give a
good position. It appeared that moving would allow a signal from one satellite to
come into view as another one was blocked. | have also found this to be true
when using the GPS in my car.

Some more expensive automotive systems use a system that detects heading
and vehicle speed such as a from speedometer input to estimate the position
based on the last known position when satellites are blocked such as driving in a
city.

Detecting Signal Loss

The Garmin handhelds go into a dead reckoning mode when they lose the signal.
The purpose of this feature is to avoid constant nuisance warnings during weak
signal reception. The GPS will just assume that you are still traveling in the
same direction and speed as when it lost the signal. This happens for well under
a minute before a message is displayed indicating that the GPS has lost satellite
reception. A good way of demonstrating this is in an automobile. Just before
coming to an intersection cover the antenna with your hand. Turn at the
intersection. The GPS will show that you have gone straight through the
intersection before it displays a warning that it has lost the signal.

For most recreational purposes, the dead reckoning feature is not a problem.
However, if you were to be pressing the limits of common sense such as
navigating a tight channel with no backup and a poor antenna location, this might
be a problem.
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The Magellan units that | am familiar with give no warning of signal loss unless
you override the default setting and activate the loss of signal alarm. The default
setting for this alarm is off. Without this alarm set, they will just display the last
navigation information such as bearings and position before it lost the signal.
They more or less just freeze. | recommend that you activate the loss of signal
alarm.

Channel marker collisions

Figure 3-4

A was discussing this booklet with a coworker who is a sailor. One of the GPS
related problems that he had seen was that he was familiar with several markers
with big dents where boats had hit them.

Here is the scenario-- a sailor programs the GPS to follow a route defined by
markers. He turns on the autopilot and goes below deck while the autopilot
steers the boat exactly where he specified using the GPS T into the marker!

With the type of boating that | do and my aviation experience, this had never
occurred to me. If you use the location of a physical object, such as a marker, as
a waypoint -- remember not to hit it!

Basic GPS Navigation 19

www.smallboatgps.com



Issues

Traffic in Low Visibility

GPS will allow you to navigate in zero visibility conditions. | have already
mentioned that accuracy and dependably issues make this a bad idea.
Additionally, the GPS does nothing to deal with collision prevention. This ability
to navigate in such conditions might lead to false security ending in a collision.
The techniques for dealing with this are outside the scope of this book and
beyond my personal experience.

Using GPS to avoid collisions

Interestingly enough and as an aside, there is an experimental technology being
developed for aviation called ADS-B, Automatic Dependent Surveillance
Broadcast. The basic idea is that each aircraft constantly broadcasts its GPS
based position and track and any aircraft in the area can then receive this
position and track, which can then be displayed.

Garmin produces radios (Rhino) that broadcast their GPS position which can
then be displayed on another corresponding unit. These radios are short range
and do not constantly broadcast. The purpose is more for hunters, hikers, and
maybe kayakers to find each other. However, the principle is somewhat
analogous to ADS-B in a relatively inexpensive consumer variant.

There are many problems with ADS-B for marine use such as the fact that all
vessels would have to have a transmitter for it to be useful and airplanes do not
have to deal with airplanes floating around un-powered or otherwise anchored in
the sky. Even as a marine layman, | can see many reasons why an ADS-B type
of system for marine applications may never be practical, especially in
comparison to more traditional tools such as radar. However, since | am on the
topic of GPS and collisions, | though that it made an interesting aside.

GPS and Terror

Could GPS be used in a terror attack? Sure. However, so could many ordinary
devices that we use daily. | dondt thi
from terror attacks.
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Issues

| bring up the subject up as somewhat of a retort to what | have already seen in

the press. The New York Times published an article discussing the fact that the
September11"hi j ackers had purchased Garmin GPS
heated windshield of the 767 blocks the GPS signal making the operation of a

handheld GPS receiver very difficult.

| can say beyond a reasonable doubt that the final targeting on September 11
was flown visually. If you have suicidal terrorists who are able to guide a weapon
visually to the target, GPS is a moot point. The availability of economical
portable GPS has nothing to do with the hijackers ability to execute their
diabolical plan on September 11™.

While | am here, let me also say that very little if any flying skill was
demonstrated on September 11". Landing the airplane safely, even in good
whether requires skill. Anybody who credits the September 11™ hijackers with a
demonstration of skill is misinformed.

Now, back to using GPS.
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Chapter 4 Choosing a GPS receiver

This booklet is meant to be a guide to give you some techniques for using GPS.

't is definitely not S8pedfioadviceonah@iecaofbuyer 0s
electronic gear quickly becomes obsolete. Although, | have some specific

references to some specific receivers, my ultimate goal is to explain the factors

that you should consider in choosing a GPS. | include these, because | think that

it is worthwhile knowledge to pass along even if it is not my primary focus.

Primarily, most GPS receivers give you certain fundamental navigation
parameters and an electronically generated map on the mapping units. There
will certainly be increases in capability. | think that you will continue seeing better
screens, more data storage capacity, and maybe a couple of new bells and
whistles; however, much of the basic functioning of the GPS will remain.

There is always the issue of should you buy a GPS or wait for the next model
which will offer more capability for the money. In this respect, GPS is similar to
many of the electronic products available. However, if you continue to wait you
will miss out on the utility available from the given product.

Without a doubt, | have my prejudices and preferences. Hopefully, these are
based on experience and with good reason. However, it is fair to say that these
preferences are based on uses and parameters that may differ considerably from
yours.

Total Cost

This is probably one of the bigger factors for most people. There are receivers
that | consider hard to use and primitive and would otherwise not recommend,
such as the Magellan 310. However, when | find one available for $50, | have to
just be amazed at the price to performance ratio. If you are comfortable with
basic navigation, this little receiver will give you location and navigation
information anywhere in the world.

Not only must you include the cost of the GPS receiver itself, but include the cost

of extra downloadable maps, a computer interface cable, memory cartridges,

power cable and mount. Some of these items are included with one brand or

package and not included in others and some are not necessary. Of course, the

value and cost of such components must be looked at in the context of the

intended use. For example, a package that includes a cigarette lighter power

adapter is not much of a benefit to a kayaker. Conversely, if you buy a GPS for

your car and mustbuyamount and you wil |l probably want
power instead of on battery. These additional costs must be factored in.
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Something to consider when debating as to whether or not to purchase a
mapping GPS is that even though the total cost may include the extra expense of
the extra downloadable maps, they may be purchased later. A non-mapping
GPS can never be upgraded to be a mapping GPS. However, you can use a
mapping GPS with just the base map and purchase the improved maps for a
mapping GPS later. Also some GPS packages include the extra maps, but most
do not.

Mapping GPS

The implementation of mapping displays is an order of magnitude improvement
to GPS. A non-mapping receiver will still offer quite a bit of utility. However, if
you can afford a mapping GPS, | believe that you will be glad that you spent the
money. Although inexpensive non-mapping GPS receivers can be very useful,
you will have to be much more proficient with maps and ways of getting
coordinates to fully utilize a less expensive non-mapping GPS.

Mapping data

When choosing a mapping GPS, one consideration is the availability of
downloadable maps for your region and purpose.

Mapping receivers come with a built in base map that usually includes major
roads and waterways within the given region and a world wide map consisting of
the borders of countries around the rest of the world. Additionally you can
download extra detailed maps for a much smaller region. The utility offered by
mapping GPS varies on the quality of the maps. There are some parts of the
world, where there is little coverage.

Generally, you are restricted to maps in the
There are some minor exceptions in that some manufactures offer mapping
products created by third partydev el oper s in the manufactureds |

format and some manufacturesd GPS receivers a
products that are in the proprietary format of third party companies.

Thus, the availability of mapping products for a given GPS is also a
consideration.

| think that the issue and what will develop as far as data standards is an
interesting business economics and intellectual property problem. However, the
important thing to realize for the scope of my discussion is that you cannot buy
a computerized mapping program such as Microsoft Streets and Trips or
Delorme Street Atlas and hope to load the maps into a mapping GPS.

| have seen many such programs offer GPS capability. This is not false
advertising, it generally means that you can link you GPS to a computer so that
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the program can use the GPS data to navigate using your computer with position

information from the GPS. Some of the programs also allow you to upload

waypoints that you have created within the program to the GPS and download

waypoints and tracks from the GPS into the computer. | have nothing against

these programs, there are many fine uses f
that they are an inexpensive way of getting detailed maps into a mapping GPS. |

have a further discussion of this under Mapping Programs on page 69.

Similarly, if you have GPS mapping software one brand of GPS, it will not work in
another. Interestingly enough, both the GPS manufacture and software company
may get the data from the same third party such as Navtech.

| have seen the issue raised as to why it is not possible to scan in maps to use

with GPS. It i s, but only on third party
It is important to realize the difference between a raster and a vector map. A

raster map is like a paper map. The level of detail is fixed. Imagine a globe or

map of a large area, it might show countries, states, and major rivers. Next look

at it with a magnifying glass. You will see the same detail, just larger. Even if

you look at the map with a microscope, you will not see more map detail.

A vector map is like a computerized map display such as a GPS mapping

display. Zoom out and you will see minimal detail over a large area. Each time

that you zoom in, you see more and more detail. You are not seeing a map as

much as you are seeing the presentation of coded geographic data. By the way,

on most GPS receivers, you will reach the zoom level where you will get a

warning--Af OVER ZOOMED. 0o This is not an error ;
have zoomed beyond the maximum level of detail for the data and subsequent

zooming will not reveal new data. It is often useful to operate over-zoomed, just

do not expect more detail to be revealed.

There are has been some success at attempts to develop map data which can

be used for Garmin mapping GPS receivers. | am somewhat ambivalent as to

the intellectual property implicaé&i ons. I
making oneds own maps is only for the tech
cost savings are far outweighed by the time required. On a utilitarian level, the

possibility of making custom maps offers potential for areas with little map

coverage or specific applications such as golf courses. For more information you

can try:

1 http://gpsinformation.net/gpsmapper/gpsmapper.htm
This is a article with an example on how to use GPS Mapper to create
maps.

M http://www.gpstm.com/eng/dekode eng.htm
Information on using MapDekode
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1 http://gps.chrisb.org/gps_mapper.htm
This is the program, GPS Mapper, that allows the creation of Garmin
compatible maps.

Which map product?

Some manufactures offer a variety of products, even for the same area. Some of
the products are more general such as
Recreation and some are more specific such as topographical and nautical
charts. One of the best sources of i
third party reviews such as available at www.gpsinformation.net. Garmin even
has a viewer where you can view samples of the maps online, look for

MapSource Map Viewer on the Garmin website.

Gar mi nod

nf or mat i

An important factor is checking the compatibility of the mapping product with the
GPS receiver. GPS development and mapping development are often
intertwined. As receiver capability has evolved, more data and features have
been coded into the unloadable maps. Some older designs may not be able to
use some of the newer maps. So, make sure that the mapping product that you
are considering is compatible with the GPS that you are considering.

To give you some perspective on different levels of detail, Figure 4-1 and Figure
4-2 are some screens from my GPSMAP 76 comparing the base map, Roads
and Recreation and Waterways and lights cd-roms.
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Figure 4-1 GPSMap 76 comparison for Orlando, FL
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Figure 4-2 GPSMap 76 comparison for Manchester, MA

Specialized products such as topographic or nautical maps are nice and can be
worth the money. More general mapping products are missing important data
such as marine hazards and terrain contours. It is ideal to have this data
depicted on the GPS. However, it is not necessary. In no way do | want to
discourage you from buying appropriate software for a given use, but | want to
make the point that often a general mapping product is useful if you do not have
sufficient usage or budget to justify a more specialized product.

A general mapping product such as Garmin MetroGuide, Roads and Recreation,
or an equivalent product for another GPS manufacture is still useful for a wide

variety of activities. In such a case, you must realize that they just provide better

situational awareness from increased detail and you will need a proper chart or
map to indicate important data such as depths, heights, hazards, and terrain
features as is relevant. Even if you do have one of the more specialized
mapping products loaded into your GPS, | would still keep an appropriate paper

map handy.

To be able to look at a map display and instantly get a picture of where you are
to help you mentally correlate your position is valuable. You can still get this
from a generic mapping product. However, choosing and creating a route must
be made in conjunction with the appropriate charts and maps if necessary.

| further discuss the issue of the appropriateness of using generic software on

page 56.

Unlock areas on CD-rom

Somet hi

BlueChart, City Select, and City Navigator only include the ability to unlock some

ng

t o
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S

t hat
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of the maps on the CD-rom. To use other regions on the CD, you will have to

c

artogr
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pay for extra unlock codes. Some deluxe packages include unlock codes for all
of the regions on the included CD.

Figure 4-3 shows an example of several separate regions for Garmin BlueCharts,
only one of which is unlocked at a time.

CAHNADA

MUSUUIH

—HMUSOOSR ATLANTIC
OCEAN

MUSUUSE

Figure 4-3

My point is not to criticize Garmin for only letting you have part of the data, but to
point the issue out so that you know what you are buying. Garmin makes this
information explicit also. There is logic to such a distribution method in that it
saves the inventory issues of having separate media for each area while only
having to pay for the data that you use.

U.S. GPS outside of the basemap area

| live in Florida and come across many foreign tourists looking to purchase a
GPS in the U.S. because prices are often significantly less expensive than in
Europe. The problem is that the base map for an American GPS usually has
very poor coverage of Europe. Although I use the example of a Garmin GPS
Map 76, the issue is relevant to most brands and models.

Figure 4-4 Garmin GPS Map 76 show the dilemma. The first screen is as much

detail as is available for Europe or other regions outside of the main Americas

basemap area. Notice the capthereassmot fover zoom,
more detail to be gained from zooming in further. The second screen is with

WorldMap loaded into memory which gives a basemap level of detail to other

parts of the world outside of the main basemap. The last screen is with

European Roads and Recreation loaded.
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Figure 4-5

Since the data in the Garmin World Map, is not very dense, it is possible to fit a
large area into a given memory. Figure 4-5 represents about 8 Mb of World Map
data. More dense mapping such as European Roads and Recreation would

require 8 Mb square area of about 90 miles (145 km.) x 90 miles around
Stuttgart.
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There is not necessarily a need for having detailed basemap. When | layover in
Europe, having the detailed Roads and Recreation maps for the city that | am in
is fine. Since | just need the central city area, | find that | usually have enough
memory in the 8 Mb of a Garmin eTrex Legend to load in two cities with an area
much larger than | ever travel in. However, if | were living in or traveling around
Europe, | would prefer a GPS with more memory such as the Vista or 76S so that
| could load World Map over a large area and more detailed maps such as Roads
and Recreation or MetroGuide for smaller areas.

This basemap issue is not limited to Garmin receivers.
Memory requirements for maps

The first part of the memory and map issue is how much memory an area of
mapping will require. There are two main factors that influence the amount of
memory needed for a given area. The first is the area itself. New York City data
is generally going to take up more memory per unit area than somewhere in the
middle of west Texas. The other factor is what data is actually included. A
mapping product such as Garmin MetroGuide includes much more detail such as
address lookup than U.S. Roads and Recreation which just includes streets. A
product with includes routing data takes even more memory.

| have used 8 megabytes as an example references because that is the amount
of memory in the Garmin eTrex Legend and GPS Map 76. There are also more
expensive versions of both of these receivers, the Vista and 76S, that offer more
memory. My purpose is to give you a rough idea of the correspondence between
an area of extra maps and a given amount of memory.

Although | use the Garmin MapSource products as an example, there are
parallels to various other manufactures cartography products.
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ay Florida

Figure 4-6 Garmin MetroGuide 4 7.50 Mb

The shaded area in Figure 4-6 shows approximately an 8-megabyte area around
Orlando, FL. Auto-routing data which is available on version 4, but not on
version 5, adds about 50% to the memory requirements.
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Figure 4-7 Garmin Roads and Recreation 7.96 Mb

Figure 4-7 shows the coverage of Roads and Recreation for approximately 8
megabytes of data. MetroGuide only covers the Atlantic Shore from Jacksonville
to Fort Lauderdale. Since the data is even less dense, Waterways and Lights will
cover a very large area as depicted in Figure 4-8.
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Figure 4-8 Garmin Waterways and Lights 7.98 Mb

As you can see in the examples, Garmin all ows
Other manufactures such as Magellan and Lowrance allow you to draw a
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rectangul ar section. tg dvezlapfibatthae drawing met hod p
rectangular section method allows you to select the are that you want to closer
tolerances.

Memory availability

Many of the handheld GPS receivers use internal memory and are therefore

restricted to the amount of memory available. At the time of this writing, all of the

Garmin handheld receivers, except the eMap, use internal memory. The

Magellan Meridian series and the Lowrance iFinder offer the ability to store maps

onto SD memory cards. SD memory is a common format used in many devices

such as PDAOGs and digital cameras. They a
electronics and chain stores. A variety of Garmin receivers, such as the eMap,

196, 295, and various marine units, use proprietary memory modules. Perhaps

Garmin is moving away from proprietary memory. The new Garmin Street Pilot

2610 uses compact flash and the iQue uses SD memory.

The models that use memory cards give a virtually unlimited capacity for carrying
extra detailed maps without needing to a computer to load them.

| like the idea of having the ability to use non-proprietary memory cards such as
SD memory. However, | should add that many of my favorite receivers are made
by Garmin and do not offer this ability.

Processor Speed

The processor speed makes a big difference in how fast you can do things like

zoom and pan the map screen. Unfortunately, this is not published and it is one

of those Ahow does it feelodo type of 1items.
beyond processor speed, so publishing a specification would probably be

useless. You will have to play with the receiver and see if it is sluggish.

Display Screen

Not only is size a factor, but so is resolution. Bigger is not always better. The
eTrex Legend, Venture, and Vista have small screens, but they are sharp.

Available data fields

Which data will the GPS display? Where and how will it display it?

When | explain navigation, | see the problem as three separate cases, 2-D vessel
navigation, path navigation, and foot navigation. 2-D navigation is where you are
free to travel in any direction such as a boat or airplane. Path navigation is when
you are traveling along a road or river and are constrained to traveling along a
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path. Foot navigation is unique in that often you are stopped and have to get a
bearing from a compass because the GPS can only tell you which way that you
need to go. The GPS only knows your direction of movement and if there is no
movement, this changes the way in which you navigate. Each form of navigation
creates different data requirements, the case of 2-D vessel navigation being the
most restrictive.

The data display capacity of handheld receivers vary from something like a
Garmin original yellow eTrex that will give you the distance to a waypoint, a
pointer, and one user selectable data field to a Garmin 76 which will display nine
data fields. | have a personal prejudice that is no doubt caused by my aviation
background in that | like to be as precise as possible. When | am navigating a
vessel of any type, | prefer that the GPS give me a digital display so that | can
best exploit the accuracy that the GPS has to offer.

When navigating a vessel, | want to know the direction that | am going, TRACK;
the directions that | need to go, BEARING or COURSE; how far off course | am,
CROSS TRACK ERROR; and how far it is to the waypoint. Generally this
requires a minimum of four data fields, unless the GPS offers a data field called
TURN which is the difference between TRACK and BEARING, then | find the
minimum to be three data fields.

For foot navigation, | really only care about bearing and distance. As | will
discuss further in the Two Dimensional Navigation on foot on page 109, the
arrow is pointer is useless unless you are moving. If the GPS will give BEARING
and DISTANCE, this is all | need for foot navigation.

For path navigation, | am usually most concerned about the distance to the end
of the route, not the intermediate points. For example, if | am canoeing along a
river and create a route with several waypoints to define the shape of the river, |
usually dondét care about how far it
end of my journey. The Magellan mapping receivers do not have a data field for
this.

Map displays give excellent situational awareness. However, map displays can
be somewhat slow to update and are very poor at precisely showing how far off
course you are when zoomed out. A digital presentation is very precise, but it
requires quite a bit of interpretation to translate into a mental picture of your
location. When a map display is combined with digital data fields, it provides a
very powerful combination.

Thus, for navigating a vessel in two dimensions, | like to have the previous
minimum three or four data fields displayed on the map. For foot navigation, |
find two data fields adequate. For path navigation, generally distance to the
destination is all that | need, but I like more information such as ETA and speed.
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Marine vs. Generic

For the most part there is not much difference between a generic GPS and a
marine unit as far as navigation. The two most common features that make a
marine GPS a marine model are tide charts and preloaded waypoints such as
lights and buoys. In fact some GPS receivers not primarily marketed for marine
use such as the eTrex Legend, Venture, and Vista come with these waypoints
preloaded.

Note: It does not appear that the eTrex Legend, Venture, and Vista still come
with the preloaded marine waypoints. However, they did at one time and you
can still go to the Garmin website under Updates and Downloads to load the
files. My bet is that Garmin got tired of the technical support issue of dealing with
users that had their marine points overridden by other Map Source maps and just
stopped preloading the points. | demonstrate this override in Figure 4-2 on page
27.

Aviation GPS Receivers

Handheld aviation GPS receivers sell at a premium to the generic models that
they are based on. | would like to see the differential smaller, but in many ways |
consider an aviation receiver to be a bargain if you can justify the expense.
However, it is possible to use a generic GPS for aircraft navigation. | cover this
in much more detail in my book, Cockpit GPS available at www.cockpitgps.com.

Garmin Nuvi type receivers

It used to be that automotive GPS units were big clunky things that would not
even be of use discussing in the context of the activities discussed in this book.
However, there is a whole new series of small GPS receivers that are very
tempting such as the Garmin Nuvi, Tom Tom ONE, Mio DigiWalker, Lowrance
XOG. These are not necessarily strictly automotive receivers. Many have MP3
player, picture viewers, etc, but they are very different from the general handheld
receiver meant for a variety of navigational tasks. This a crowded category and
there is no way that | can keep track of them all, so let me pass along my
observations of a more general nature.

In general, these are made to be very simple. The idea is that you can put it in
your car, look up an address and follow it. The maps are pre-loaded so there is
not even a need to be technically proficient enough to load the maps. These units
are designed to require no more skill than using an internet mapping site such as
Mapquest. These are not necessarily bad designs, but they are optimized for
simplicity and have very limited features.
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Why even discuss these in my book and why should you even consider one? As
| mentioned on page 23, you have to consider the total cost. When the price of
the pre-loaded maps are considered, these receivers are relatively inexpensive.
They are often sold at large retailers and the market is competitive. As an
example, at the time of this writing a Garmin Legend Cx, which is a more
traditional GPS, can be purchased for around $235 and a Garmin Nuvi 200 is
about $200 on sale. With the Legend Cx, you will probably want to spend another
$100 to $150 for installable maps and more memory to make it truly useful. So
for about $150 less for the total package, the Nuvi 200 gives you a bigger
brighter screen, already installed detailed maps, voice prompts for auto
navigation, and a mount for your car. What you are giving up is detailed
navigation information, the ability to load multiple point routes, outdoor
robustness, etc.

Letds say you want t o tintookhe baek wauid$. the Nuviess canoe
would be a poor choice. However, | etbds say that you wante
Geocaching, some hiking in a relatively tame state park, and perhaps some

boating on a local lake. In this case, the Nuvi would offer quite a bit of value for

the money. Additionally, you get a very useful automotive GPS for everyday use.

Every GPS in this class that | have played with allows you to go into the settings

and go directly to a point as opposed to following the roads. However, when you

navigate, they will not show data fields giving BEARING, TRACK, CROSS

TRACK ERROR, etc. Some offer the ability to make multiple point routes using

ivia points, o but many are not set up for mul

They are several limitations for outdoor use. Most have built in rechargeable
batteries. This is great until the battery is dead. There is not popping in a new
couple of AA batteries and continuing. However, you could use one of those
portable cell phone rechargers with a mini-USB end that use AA batteries. Most
GPS receivers in this category are not even water resistant, let alone waterproof.

Generally, the ability to interface with the computer is much poorer. For example,
my Garmin Nuvi 270 does not allow me to download tracks to my computer of
where | have been, it does not allow me to upload routes. However, | can
download waypoints which are referred to as favorites with a big heart icon in the
menu. | can also create custom points of interest as described on page 80.

Let me give you some examples:
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Drive to Coordinat_es

Figure 4-9

Figure 4-9 represents a 2-D navigation example. What is my BEARING and
COURSE? How far do I need to turn? How far off course am 1? The answer is
that If | were attempting to follow the course directly to the next waypoint, | would
need to turn right a little until the bearing line is straight ahead. How precise
would this be? Probably precise enough in many cases. Since, | am on a lake |
would really be looking out and using the bearing line to determine if | am
generally going in the desired direction of the point that | marked as the channel
to the next lake. While there is not much navigation data here, this might be more
than adequate.

Figure 4-10
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