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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
safety of flight, | 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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Chapter 1 Introduction

Disclaimer

| have written this book with the intention of making you a safer pilot by
showing you how to use GPS. Although all the information is given in
good faith, I cannot be responsible for the misapplication of any material in
this book; nor can | be responsible for errors and omissions in the material
that | pass along to you. Ultimately, you as the pilot, using your own
airmanship and common sense must be responsible.

Pay the Author

Most likely, you downloaded this book from the Internet. However, | also
permit copies to be sold and distributed freely without direct payment from
whoever is printing or distributing them.

Thus, the burden for this falls on you and your conscience. If you find this
book worthwhile, go to www.cockpitgps.com and drop me a few dollars,
Euros, Pounds, Swiss Francs, or whatever. You can also provide
feedback on my site.

Purpose and Applicability of this book

| think that GPS is a great boon to aircraft navigation, but | think that many
pilots are missing out on GPS and many who are using GPS are using it
to a fraction of its potential.

My emphasis is on handheld GPS because of the accessibility of the
technology. However, the basic principles of navigation are the same for
using a certified IFR GPS. In fact, the basic principles of navigation are
applicable whether you paddle a kayak at 3 knots or fly a jet at 500 knots.

The primary emphasis of this book is on how to navigate with GPS.
Although I have some information on using IFR certified equipment for
flying IFR, much of this is procedural in nature. For many of the
procedural aspects | defer to other and better sources of information. This
is because | do not have experience flying IFR GPS equipped general
aviation aircraft in an IFR environment. | do discuss aspects of IFR use
that are more about principles than bout procedural specifics.

| use examples from several different GPS receivers throughout this book.
This is a book on GPS navigation, not a book on how to use a specific
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model. Although | do have a couple of tricks and techniques for specific
receivers, this not the primary intent of the bookd that is the province of
the owner6s manual

This book mostly discusses Garmin receivers. Although | will admit that |
am a Garmin fan, | am not a shill for Garmin. With the exception of the
Honeywell FMS on the MD-88 and 757, most of my experience is with
Garmin. Although I will be the first to admit that this text has a Garmin
handheld orientation, my goal is to explain how to use GPS and the
principles of GPS in general. If you have another brand of GPS, | hope
that you will find that this book still has some relevance.

|l do not think that most GPS owner s manua
navigate with GPS. They explain how to operate specific features and

then people figure out how to use these features to navigate using the

GPS. Unfortunately, | have seen many pilots who only know how to use

their GPS at a very minimal level. | have also seen many pilots using

techniques, which although they are not wrong, do not exploit the features

that GPS offers. | have even talked to some pilots who use GPS in a

manner that | would consider as being actually incorrectd following the

GPS bearing like homing on an ADF.

lreallydonotf ault the owner6s manual s. The scop
manual is very different from what | am trying to accomplish. Consider the

example of a scientific calculator. The o
to operate specific functions, but it will not teach you math. Your GPS

owner 6s manual is a useful reference for |

features of that GPS. There are some cases when | will tell you some
tricks that | think that you might otherwise miss in the manual. However,
most of the time | will leave out the specifics of how to actually operate the
GPS for a given function.

Many of my examples use routings that would not be typical for general
aviation. Often these are routes that | am most familiar with, so | used
them. You might be a VFR pilot flying C-172 and you may never fly a jet
airway or an IFR arrival procedure. Even though my examples may use a
jet airway or instrument arrival, the principles of using GPS are the same
even if the routes are not something you would ordinarily fly.

Nomenclature

GPS is an acronym for Global Positioning System. The key word is
system. GPS consists of satellites, ground monitoring stations, and
receivers. However, GPS is commonly used to refer to the receiver
portion. Although this is not technically correct, | feel that it is fair usage

1-2 Handheld GPS in the Cockpit



www.cockpitgps.com

as the context is usually clear when the system is being referred to and
when the receiver is being referred to.

Furthermore, the average GPS is much more than just a simple receiver.
The GPS receiver portion only provides position, velocity, and time
(sometimes referred to as PVT data). Thus what is commonly referred to
as a GPS receiver is actually a receiver integrated with a sophisticated
navigation computer. However, | feel that GPS receiver is an adequately
descriptive term.

Learning to Use Your GPS

Learning to use a GPS is just like learning to use any other technically
sophisticated item. There are necessary basics that you must learn first
and there are more sophisticated functions that you can learn later or as
you need them. | like to use the example of learning to use a word
processor. Initially, you need to learn how to type a document and then
print and save it. Other things such as creating headings, tables of
content, page numbers, headers, and footers, can all come later as you
need them. Some people may never need them.

Furthermore, different people have different learning styles. Some people
like to sit down with the manual and read it cover to cover. Other people
like to jump in and experiment. Obviously, the cockpit is not an ideal place
for the jump in and experiment method. However, one of the advantages
of GPS is that there are many ways to facilitate the experimental method
outside of the cockpit. | cover some of these methods in the How to
become proficient section on page 2-5.

What is in this book

Although | hope that | provide you with a lot of useful information in this
book, it is not necessary to digest it all before you can get some utility from
your GPS. | have purposefully laid the book out with a logic in mind. You
may find that some chapters do not apply to you. For example, if you
already have a GPS, then you can skip or quickly scan the chapter titled
Which GPS. If you have or are going to purchase an aviation GPS, then
the Aviation Waypoint Data chapter will mostly be unneeded, although you
might want to read the section on Connecting your GPS to the Computer
page 5-5.
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1 Usage Issues

Issues such as legality of use and what a handheld GPS is appropriate
for.

1 How it Works

This is the back of the napkin purposefully over-simplified version. | have
references to more detailed explanations if you desire.

1 Which GPS

This chapter deals with what to look for in choosing a GPS. Although |
have some specific model information, my main goal is to point out the
factors to consider in purchasing a GPS receiver. The discussion is
mostly aimed at handheld GPS choices.

1 Auviation Waypoint Data

Among the handheld GPS choices are non-aviation models. The
disadvantage of non-aviation GPS receivers is that they do not have a
database of navaids and airports. | have information on where to get this
information and how to get it into the GPS if you have a non-aviation GPS.

1 GPS Preflight Route Planning

Before you can navigate with a GPS, the GPS must know the route that
you want to navigate along. This is not a detailed lesson on flight planning
in general, but a lesson on how a handheld GPS can be used in the flight
planning process. Special emphasis is given on how a mapping GPS can
be used to plan a VFR flight.

1 Navigation
You have to know what the GPS is telling you and how to use it. | have
several examples with screen captures to show you how to navigate with
a GPS.

1 Route Intercepts

Often, it is not possible to fly a route as shown. This chapter deals with
how to intercept a route and modify how the route is flown.
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1 Miscellaneous

This is a discussion of some of the extra features and more esoteric
details of using GPS, with one exception. If you have a mapping aviation
GPS receiver, use it to avoid a runway incursion. This is too simple and
effective not to use.

M GPS and Student Pilots

There is the issue of when or if student pilots should be introduced to
GPS. However, this is not the point of the chapter. There are ways in
which the GPS can be used, especially outside of the cockpit to let the
student become more comfortable with basic navigational concepts.

M1 IFR use of GPS

If you have an IFR certified GPS receiver, navigating using the GPS is
similar to navigating with any other equipment. There are some added
issues about the actual operation of the GPS as well as legal
requirements. | have some comments and sources of information for
using an IFR certified GPS during approach.

For non IFR receivers, there are issues about the appropriateness,
legality, and safety of using a handheld GPS during IFR operations.
Although not legally binding, | express my opinions on using a handheld
GPS during IFR operations in this chapter.

1 Vertical Approach Profiles

This is a chapter on how to use GPS, especially with VNAV, to increase
your vertical situational awareness on non-precision approaches.

Why you should have a GPS

1 The GPS service is free

There is no charge for using GPS. You have to buy the receiver, but the
signal is free. Certainly if you pay U.S. taxes, one could argue with the

meaning of the term Afree. 0 So p
rephrase this point to say that

er haps
you pa
1 Ease of navigation

Conventional navigation instruments such as ADF and VOR only give

bearing or angular displacement from course information. The required
heading to compensate for winds must be guessed at, even if
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systematically so. The GPS gives actual track information and takes away
this guesswork.

T GPS receivers are relatively affordable.

Almost anybody who can afford to fly should be able to afford a GPS.
One of the points that | make in the Which GPS chapter is that although
worthwhile, an aviation GPS receiver is not necessary. Usable non-
aviation hand held GPS receivers are available for under $200. Decent
non-aviation receivers are available for under $300. In fact several of the
examples on this site were created using a Garmin GPS Ill Plus, which is
a non-aviation unit available for under $300.

1 Emergency use:

A handheld GPS is independent of the aircraft's pitot and electrical
system. This is a useful feature whether you are flying a C-150 close to
home or an airliner in the middle of the ocean 90 minutes from the nearest
suitable landing field. In addition to navigational information, it will give
track, altitude, and groundspeed. Track and groundspeed are not heading
and airspeed, but both could be useful in an emergency. The GPS
altitude is the least accurate of all of the GPS parameters, but it sure
would be useful in an emergency when there was no better source of
altitude. John Ruley has written an article on this very point on Avweb at
http://www.avweb.com/news/system/183178-1.html.

1 Accuracy:

A GPS gives much more information and the information that it gives is
generally more accurate than other forms of navigation. The VOR signal
is accurate within 1 degree. The VOR receiver has to be accurate within
+/- 4 degrees for IFR flight. This means that VOR navigation can be up to
5 miles off for every 60 miles from the station. Let's not even discuss long
range NDB's. Even inertial navigation systems drift when not updated
over the ocean. GPS should usually be accurate to within 15 meters.

¢ Situational Awareness

It is always good to know where you are. GPS has the potential to suck
your eyes to it. However, if properly used by a proficient pilot, it can free
time to look out the window. A GPS is much less distracting than being
heads down with charts flailing around the cockpit trying to cross tune
VOR radials to figure out where you are. | am not advocating that you
ignore the charts, just that you know where you are on them in a quicker
and less distracting manner.
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1 Point to Point VFR flying:

A GPS can be used to navigate from any point on earth to any other

point. A less than obvious effect of this is that you can plan a route with
multiple waypoints to carry you around terrain and airspace that you would
rather avoid. When using VOR navigation, traffic comes together over the
VOR. By using GPS, the collision risk of traffic coming together over
VORs is reduced. | cover this more in the GPS Preflight Route Planning
chapter.

Who am 1?

| think that it is important that you know a little about me so that you can
understand the perspective from which | am writing. Also, | hope that my
experience gives some credibility to what | write.

| am currently an international 757/767 first officer for a major airline in the
United States. | have also flown as a 737-200 and BA-3100 (Jetstream)
captain, co-pilot, and as a flight engineer on the L-1011 and 727. Before
my airline career, | flew a variety of general aviation aircraft. |1 have an
Aerospace Engineering degree and my background is civilian. | have
flown glass cockpit airliners and | have flown single engine aircraft with no
navigation radios at all. Even though my intended audience for this book
is primarily general aviation, the principals of GPS navigation are the
same whether you are flying a jet at 500 knots, a Cessna at 100 knots, or
paddling a kayak at 4 knots.

A couple of friends wanted my recommendations on specific GPS
receivers. As | e-mailed each one of them, the e-mail grew with each
cutting, pasting, and sending. This e-mail grew into a web page, which
grew into a web site, which has been recompiled as a book.

One thing that | am not is a writer. For that matter, | barely made it out of
freshman English. An additional factor that | hope that you will grant me
some extra tolerance for is that it is almost impossible to edit your own
work, even for professional writers.

One of the things that | like about publishing over the Internet is that | can
update the material as | think of things to add. This keeps the material
current. However, sometimes it is hard to add new material so that it flows
smoothly. This new material may be like a separate article rather than an
integrated part of the text. Often | think of something that | would like to
add and forget that | have essentially said the same thing somewhere else
in the text.
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For these faults and several others, | beg your indulgence. However, |
hope that you will find this useful and that it will make you a safer pilot.
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Chapter 2 Usage Issues

Safety Warnings

Disclaimer:

These warnings are not the result of significant research and statistical
analysis. These are issues that | think that you should consider with
regard to GPS navigation.

U Terrain

Just because you can navigate directly to a destination does not mean
that the terrain will permit it. Make sure that you use the proper charts and
techniques to assure obstruction and terrain clearance. Make sure that
you are familiar with the maximum elevation levels on visual charts and
the MEA and grid MORAG6s on I FR charts.
increases the risk is in that it is much easier to operate off airways. A
mitigating factor for GPS is that you are much more likely to be where you
intend. Thus, if you pay proper attention to the charts, your safety margin
could increase with respect to terrain clearance.

Many of the certified receivers are starting to offer TAWS (Terrain
Avoidance Warning System). This feature has made it into the handheld
GPS market. Several manufactures have introduced or are in the process
of developing various levels of terrain and obstruction data to there GPS
receivers or PDA software.

| consider TAWS to be like a guardrail on a road. It is sure nice to have if
you mess up, but it is not for primary guidance.

U Loss of Signal

There is the issue of about the manner and speed that a handheld GPS
will warn you if it loses the satellite signal. | will this later in the chapter
from an overall system standpoint. However, | wanted to get your
attention in the beginning of this chapter to warn you in that a handheld
receiver might not give you a timely warning that it has lost the signal and
is no longer navigating.

The Magellan 315, and possibly the rest of the Magellan receivers, will just
stop updating the navigation information if it loses the satellite signal
unless you enable the loss of signal warning. A good way to demonstrate
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this is to get a satellite lock and then walk indoors. The GPS will lose the
signal yet still display position information with no direct warning that the
receiver really has no idea where it is. Fortunately, this is recognizable as
long as you display a distance or a speed. The distance will stop
changing and the speed will go to zero. However, it will still show a
distance as well as track and bearing information so it is easy to miss the
signal loss. It is possible to set the Magellan to warn of a signal loss, but
this is not the default setting.

Most of the Garmin handheld receivers with which | am familiar have a
feature called dead reckoning. If the GPS loses satellite coverage, it
projects your position based on your last known position, speed, and
track. This only happens for less than a minute before a message is
displayed indicating the signal loss. The purpose of this feature is to avoid
nuisance warnings of signal loss.

A good way to demonstrate the dead reckoning feature is in the car. Just
before approaching an intersection and while still moving, cover the
antenna of the GPS. Make a turn at the intersection and observe that the
GPS will show you continuing on your original track through the
intersection before warning you that it has lost satellite coverage.

The good news is that many newer handheld GPS receivers are better at
maintaining a satellite lock than even older IFR receivers. However, a
certified IFR GPS installation has an antenna mounted on the outside of
the aircraft. The bad news is that the antenna of a handheld GPS is used
inside the aircraft and has a much higher chance of being blocked by parts
of the aircraft.

Normally this is not a problem, especially for enroute navigation.
However, if you were to be use a handheld GPS for primary guidance
without proper crosschecking from the facilities that properly define an
instrument approach or if you were flying an illegal and ill-advised
homegrown approach with a handheld GPS this could be a significant and
insidious problem.

U Collision Risk

GPS allows a new level of precision navigation. If two aircraft are
navigating between the same points using GPS, they are going to be
closer to the theoretical line between the two points than with most
previous navigation methods. This is readily apparent when two GPS
equipped aircraft pass each other at different altitudes. One will pass
directly over the other on the airway. In fact, it is not uncommon for an
airliner to get a radar altimeter indication or even a false terrain warning
from the lower aircraft as it passes above.
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If you look at an airway like a road, GPS has made the road narrower.
The good news is that eventually GPS will enable technologies that will
help reduce the chance of collision. Technologies such as free flight and
Automatic Dependent Surveillance i Broadcast, ADS-B, come to mind.

Instead of fixating on the GPS to get that last bit of accuracy following the
airway, use the GPS to free up some of your brain power to scan for traffic
better. GPS navigation generally does not require the concentration of a
hand flown ILS to minimums.

When flying VFR, GPS allows you to navigate freely from point to point
without having to fly in the concentration of traffic along airways and over
VORO s .

Dependency

Some pilots are concerned that using GPS will create a dependency on
GPS and degeneration of navigation skills. This fear is not without basis.
However, at the same time, | think that mastering GPS navigation might
actually increase your navigation skill in general.

| think that it is possible to learn some very basic GPS techniques that will
suffice without fundamentally knowing what the GPS is telling you. For
example using an aviation GPS, all you really have to do is hit the GOTO
button, spell out your destination and follow the pointer to your destination.
If this were the depth of your knowledge and understanding, then | would
say that you have used GPS as a substitute for learning fundamental
navigation skills. | think this is a real danger.

The GPS will certainly spoil you because it will tell you so many things
accurately. However, | also think that if you truly master GPS navigation
and know what it is telling you in the broader context of courses, bearings,
tracks, etc. then there is no reason that you will necessarily become
navigationally inept and dependant on the GPS. GPS will directly indicate
information that other navigation systems do not directly indicate and must
be derived. You should be able to understand other ways of navigating in
the context of what they are telling you, how accurate the information is,
and techniques used to derive the information that the other systems may
not directly indicate. For example, the actual track of the aircraft must be
deduced when using VOR or NDB navigation because it is not directly
indicated like it is when using a GPS.

To put this another way: If you learn to navigate using GPS as opposed to
using GPS to avoid learning to navigate, then | think you will be well
served.
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Proficiency

A GPS is a powerful tool. It is up to the pilot 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 cockpit automation. These are issues that are general to
automation in aviation as well as being applicable to GPS use. GPS can
be a distraction, it can create complacency, it can take you to the to the
wrong destination with great accuracy. However, when wisely and
proficiently applied, GPS navigation can significantly improve your
situational awareness and the overall safety of the flight.

One of the biggest limitations of GPS is pilot proficiency. Proficiency is the
key to extracting the maximum capability of any system. It is possible to
reach task saturation with any system. | have seen pilots flailing around
the cockpit with charts and cross tuning VOR radials. Fumbling with a
complicated gadget can also be a distraction. In either case, proficiency is
critical.

Airline pilots receive much training on the specific navigational equipment
onboard their aircraft. The training philosophy is not that the advanced
navigation tools are crutches, but that they are important tools to operate
the aircraft. Therefore, a considerable amount of training emphasis is
spent on navigation and automation. If you went to surgeon would you be
impressed if he felt that anything more than a scalpel was for sissies or
would you prefer that his operating room was well equipped and that he
was a proficient in the use of every tool available to him?

Many GPS units available to the general aviation market or even to the
general consumer offer a level of sophistication approaching some of the
glass cockpit airliners and exceeding the capability of many older airliners.
In the general aviation community, rather than GPS being a core-training
subject, it is often treated as a peripheral subject. In addition to dedicated
training, an airline pilot will fly with the same equipment and use it as
much in a month as some general aviation pilots fly in a year. A general
aviation pilot may fly an aircraft equipped with one GPS one time and fly
another aircraft equipped with a different GPS a different time.

A GPS is not a simple device. A VOR has a frequency selector and an

OBS i two controls. Compare the two controls of a VOR with the number

of buttons, screens, data fields and menus of even a simple handheld

GPS. However, the capabilities of GPS make the time spent mastering

GPS worthwhile. Also, GPS navigation has applications beyond the

cockpit whether i1itdéds hiking in the woods,
address while driving.
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| find that there is an interesting irony in adopting new technology like

GPS. In many ways, the new technology makes the task(s) that it address
easier to accomplish. However, there is a high price in that the technology
itself demands mastery. | have seen pilots move from traditional
technology such as the DC-9, 727, and 737-200 to more advance cockpits
such as the newer -883andad79.,|havealko seeh he& ,
opposite transition. | would argue that mastery of the new technology is
more of an issue than dependence on it.

Despite differences between specifics of operation for each unit, there are
many similarities. To some degree, navigation is navigation. This is why
a marine or generic GPS works well in the aircraft i the navigation
principles are similar. | would hesitate to call most GPS units easy to use.
However, | think that the manufacturers have made the newer GPS
receivers about as easy to use as is possible considering their
sophistication.

With the exception of shooting an IFR approach, | would rather see a pilot
navigate with a generic handheld GPS that he was proficient with, than to
fumble with a panel mounted GPS that he was not proficient with.

How to become proficient

The only way to become proficient with GPS is to use it. Actually flying
with GPS is a good way of maintaining proficiency once you know how to
use it. However, learning to use the GPS in flight can be a distraction.

As | started to proofread some of this text, | realized that | had used the
term Aplay witho in a section that
approach that you might consider -- play with the GPS. How many kids do
you know that go through a training program to learn Nintendo or X-box?
They just start playing with the games. | would highly recommend this
approach for learning GPS i on the ground.

U Learning GPS in the airplane

If you have a panel mounted GPS, turn on the master, turn on the GPS,
and play with the GPS. | suppose that this statement is hothing more than
a statement of the obvious, but on some panel-mounted receivers this
might be your only viable option. Certainly, you are limited in that you
cannot use all of the features in context while on the ground, such as
approach modes, but even this basic familiarization can be valuable.

Learning how to use the GPS in the air is somewhat problematic.
Obviously, there is much to be said for getting some dual from a
competent instructor, although finding an instructor who is knowledgeable
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about GPS may be somewhat problematic. The airlines faced many of the

advanced cockpit issues that are facing general aviation now when they

introduced the 757/767 to pilotswhower e used to the Asteam ga
the 727, DC-9, and DC-8. | remember a CRM (Cockpit Resource

Management) instructor commenting that one of the worst cockpit

distractions is when an experienced pilot flies in an automated cockpit with

a pilot who is not as proficient in the automation. Both heads go heads

down, one to teach and one to learn i not good. Make sure that someone

is flying the airplane if you are getting dual.

Finding an instructor who is up on GPS, especially your particular model,
may be difficult. Again, | think that some lessons from the airlines might
be useful. In a non-normal (official Boeing terminology) situation, one pilot
concentrates on flying the airplane and the other pilot concentrates on
working the problem. In fact, it is often preferable that the captain
delegates the flying to the co-pilot leaving more concentration to make
decisions and coordinate actions. Where this is relevant to learning GPS
is that you might go flying with another pilot. When you want to
concentrate on learning a feature of the GPS, let the other pilot fly while
you fiddle with the GPS to your heartds co
knows that his job is to concentrate on flying and resist the distraction of
your fiddling with the GPS. Also make sure that there is a positive transfer
of control i make sure both of you know who is flying the aircraft.

U Emulators on your computer

An emulator is a program on your computer that imitates the functioning of
the GPS. The advantage of an emulator is that you can learn the
functions of an emulated hardware without having to have the hardware.
This is especially useful for hardware that is expensive and not very
portable. The disadvantage is that often it is a little awkward turning
knobs and otherwise operating the emulation with mouse clicks.

Garmin offers emulators for many of their panel mounted GPS units. They

are free and can be downl oaded from Gar min
www.garmin.com. These can be especially handy if you have a laptop

because you can play with them whenever you have a little free time.

Garmin also offers PC simulators for its G1000. They are on CD rather

than downloadable and are priced for not much more than | would imagine

it costs to manufactur e t he CDO6s and ship. The orderi
available on the G1000 page of the Garmin website, www.garmin.com.

The only caveat is that you should check the hardware requirements of

the simulator to see if your PC is sufficient.
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Bendix/King only appears to offer a simulator for the KLN89B and GNS-
XLS at http://www.bendixking.com/static/simulators/. | do recall some
third party simulator software, but every link to the software that | have
found is a dead end leading me to think that the software company that
made the simulators is out of business. Bendix/King representatives at
Sun-n-Fun 2004 have told me that they are working on a simulator for the
KLN-90B.

Lowrance, www.lowrance.com, offers several downloadable product
emulators for their handheld GPS products. The emulators for the AirMap
GPS receivers lack the aviation database. However, you can download a
Jeppesen database from the Lowrance website and save it in the Maps0
folder of the emulator. On my computer this folder was located in
C:\Program Files\Lowrance Electronics\Unit Demo. For purposes of using
the emulator, the Jeppesen database worked for free on the Airmap 500
and 1000, but not on the Airmap 2000.

The problem with the AirMap simulator is that you turn it on and you have
a GPS whose buttons appear to work, but what now? The way to use the
emulator is just like you would use the actual GPS in that you can have to
put the GPS in simulator mode. On the AirMap series, the simulator mode
is reached via MENU->MENU->GPS SETUP -> GPS SIMULATOR. ltis
also possible to use the AirMap emulators with Microsoft Flight Simulator
as | will discuss shortly.

| like the AirMap emulators in that it has given me the opportunity to test
some of the functionality of the Lowrance line without actually having a
test specimen. The emulator is also handy if you have a laptop because
you can run the emulator and play around with it when you have a couple
of free moments. Overall, | think that it is preferable to learn on the actual
hardware if you have it available to you.

U Simulator or Demo mode on the actual GPS

Most handheld GPS receivers offer a simulator mode where you can give
the GPS a location, speed, and direction from the comfort of your chair.
Using this feature you can practice navigating using real waypoints and
the actual hardware at realistic speeds.

Garmin handhelds

On most of the Garmin receivers, press the MENU key from the
satellite page. Select SIMULATOR or USE INDOORS. Press MENU
again with the satellite page and select NEW LOCATION or
INITIALIZE POSITION to set the location. Go to the HSI or Pointer
page. Up and down on the rocker pad will increase and decrease the
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speed. The GPS will automatically follow the route, but you can
manually change the track with left and right inputs on the pad. On the
Garmin GPS 196, the zoom keys will change the altitude when you are
on the HSI page.

An exception appears to be the Garmin eTrex series. The eTrex
series has a ADemo Modeo option
mode, it is impossible to change the speed and track. The GPS will
just follow the route.

Garmin Panel mounted GPS

There is a demonstration mode in the Garmin 400 and 500 series
receivers. This mode requires activating a pin and cannot be done
while installed in the aircraft. Lonestar aviation,
www.lonestaraviation.com, makes a docking station that allows you to
operate the GPS outside of the cockpit.

Lonestar also manufactures docking modules for other Loran and GPS
receivers, but not all of the receivers have a demonstration mode. The
demonstration mode is essentially a program built into the GPS and is
not a function of the docking station.

Lowrance

On the AirMap series, the simulator mode is reached via MENU-
>MENU->GPS SETUP -> GPS SIMULATOR.

U Microsoft Flight Simulator

Simulator programs such as Microsoft Flight Simulator are a very useful
training tool, especially for instrument training. | used early versions of
Flight Simulator on the Commodore 64 as well as on the (at that time
blazingly fast 12 Mhz. IBM PCs when | was working on my instrument
rating. As primitive as those configurations were compared to what is
available today, they were still very useful.

| realize that there are many different flight simulation programs such as
X-Plane, Elite, and others that are worth investigating. | will limit my
discussion to Microsoft Flight Simulator because that is the one that | am
familiar with and it is widely available and relatively inexpensive. Often
Microsoft Flight Simulator is written off as a game, which it is. However, |
contend that it can be a useful training and proficiency tool in the proper
context, especially for instrument scan and procedures.
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| was curious to see if it was possible to integrate GPS into Flight
Simulator in such a way that it would actually be a useful training tool. |
found that the built in GPS capabilities of Flight Simulator were very poor,
but could easily be supplemented with some third party solutions. The
GPS implementation in earlier versions of Flight Simulator has no
resemblance to any known GPS and is completely worthless for training
use. Even worse, the value reported as TRACK in Flight Simulator
versions prior to FS 2004 was actually HEADING. This was not some little
nomenclature issue, but a fundamental conceptual error. FS 2004 fixes
the heading and track error, but the Microsoft implementation of the
Garmin GNS 500 has significant differences from the actual GNS 500. If
you were to use the built in GPS capabilities of Microsoft Flight Simulator,
it would be negative training.

Garmin 430/530

There is a third party solution from Reality XP, www.reality-xp.com, which
provides an interface so that the excellent Garmin GNS 530 trainer can be
used with Microsoft Flight Simulator. There is also a version for the Apollo
GL-50. At the time of this writing, Reality XP only offers a version for the
Garmin GNS 530 and Apollo GL-50.

If you try the Reality XP interface for Microsoft Flight Simulator, make sure
that you read the manual. The mouse activates the GPS controls slightly
differently than running the Garmin trainer in stand-alone mode. | have a
basic computer that will only run Flight Simulator in 800 x 600 screen
resolution. Each view (the outside, the instrument panel, and the GNS
530) runs in its own window. If you shrink the GNS 530 to fit in the panel,
the screen is hard to read due to the way the pixels are calculated. If you
run the GNS 530 at normal size, too much of the panel is blocked to fly the
aircraft. My trick is to shrink and move the instrument panel so that | can
see the main flight instruments while running the GNS 530 at normal size.
It looks strange, but it works.
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Figure 2-1
GPSout

GPSout is a program by Peter Dowson,
http://www.schiratti.com/dowson.html, that outputs GPS data from Flight
Simulator through the serial port of the computer that is running Flight
Simulator.

GPSout allows you to use some actual GPS receivers as well as some
emulators and other software running on another computer or PDA.

The readme file explains the setup, but it is pretty simple. Basically, copy
the gpsout.dil and gpsout.ini into the Modules folder of Flight Simulator.
Youwillhave to edit the gpsout.ini fi
comment, so the settings that the computer actually uses are the lines not
preceded by the semicolon.

Garmin Handhelds

Using GPSout, | have been able to use Microsoft Flight Simulator with
both the Garmin 196 and Il Pilot. Although | have not tried GPSout with
the Garmin 295 and 296, they would also work. It may also work with the
195. Unfortunately, I was not able to get a non-aviation GPS to work.

| have found the following settings to work in the GPSout.ini file:

Sentences=AV400

2-10 Handheld GPS in the Cockpit

e .

The


http://www.schiratti.com/dowson.html

www.cockpitgps.com

Interval=200
Port=Com1
Speed=9600

The GPS must be set to Aviation In mode in the setup menu. The GPS is
then put in simulator mode. The non-aviation Garmin handhelds do not
offer this Aviation In mode. | have experimented with using NMEA
(National Marine Electronics Association) sentences, but was unable to
get GPSout to work with non-aviation Garmin handheld GPS receivers.
This is not to say that it is impossible, but | suspect that it is.

There is a slight problem where the position of the GPS slowly drifts from
the Flight Simulator. | suspect that this is because the GPS starts with the
Flight Simulator position and then updates its position from the TRACK
and SPEED it gets from GPSout and ignores the GPSout position. This is
a minor issue, just shut off and reactivate the simulator mode on the GPS
to align the GPS with Flight Simulator. My guess is that this is not the fault
of GPSout, but a function of the simulator mode on the GPS. Considering
that the GPS was not designed to function with the computer like this, | do
not fault Garmin for this problem.

Garmin Panel Mounted GPS

As | mentioned before, it is possible to operate the Garmin panel mounted
GPS receivers outside of the cockpit using a docking station from
Lonestar aviation, www.lonestaraviation.com. | do not know if it is
possible to use GPSout with the actual hardware using a docking station
and GPSout, but | think that it might be possible. If you try this, please let
me know of your success or failure!

Lowrance

The Lowrance emulators that | have previously discussed also work with
GPSout. The emulator is run on a separate computer such as a laptop.
The computer running the emulator is linked to the computer running
Flight Simulator with a null modem cable.

Although you may have to do some experimentation, | have found the
following GPSout.ini settings to work with the emulator:

Sentences=RMA, RMC, GLL
Interval=200

Port=Com1

Speed=4800
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There are some settings to allow the GPS to take NMEA input. The
emulator also allows you to change these settings. However, do not
change these settings to operate the emulator with GPSout. After you
have GPSout installed and configured as well as the computers linked,
just run the emulator. Do not change the emulator NMEA settings or put
the emulated GPS in simulator mode.

A reader, Tom Pallechio sent me some of the settings that he found
worked with an AirMap 500 (actual hardware) and should with the rest of
the AirMap series. These settings and a variation on the menu selections
should work with other AirMap receivers:

GPSout.ini:

[GPSout]
Sentences=RMC,GSA,GGA
Port=Com1

Speed=19200

Interval=200

Airmap 500 settings:

menu | menu | gps setup | use indoors
menu | menu | system setup | comm port
Baud 19200

Checked NMEA GPS Input

Configure NMEA

checked RMC and RMB

checked GGA

checked GSA and GSV

Notes:

On the Airmap 500, RMC and RMB are turned on or off
together (one check box).

ON the Airmap 500, GSA and GSV are turned on or off
together (one check box)..

t work unl ess
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Other GPS receivers and programs

GPSout should also work with a variety of other programs and hardware.
Especially likely to work is anything that is designed to use an external
GPS input such as the variety of PC software and PDA software.

Minor issue with GPSout

You may find that the magnetic TRACK reported by a GPS using GPSout
may vary a couple of degrees from the TRACK in Flight Simulator. The
problem is that the magnetic variation in Flight Simulator is static and
represents a point of time sometime during the development of the
program. Most GPS receivers use a magnetic variation model that
includes time as a factor. This is usually a minor issue at worst. What is
important is that comparing TRACK to BEARING on the GPS or software
that uses the GPS out data will result in the proper behavior.

This will also manifest itself as other magnetic values such as runway
alignments varying from current data by a couple of degrees.

Certainly, this is no fault of GPSout.
U Use GPS for other uses

There was a television commercial for Amazon.com where a man with a
new GPS is walking around the house navigating with his GPS. His look
is the same as a kid with a new toy. My wife just shook her head when
she saw it because she had seen similar such behavior.

The commercial is somewhat inaccurate because the GPS will not get
good reception in the house, but a similar type of approach in a field,
parking lot, or park is not a bad way to learn how to navigate with a GPS.
You can create several waypoints (look in the manual for how to do this)
at either end of the area and navigate to them, between them, as a route,
etc. Just remember that the GPS has no idea of which way you are
pointing. It only knows track. This means that you should practice in the
park at a brisk walk. It's your choice as to whether you simulate a
crosswind component by walking sideways or twisting the unit. You can
also walk backwards to demonstrate that you could fly a helicopter
backwards and the GPS would indicate the same as if you were flying
forward-- just don't trip or run into a tree while looking at the GPS screen!

Using GPS for other purposes will probably increase your navigational
proficiency in general and should certainly increase your proficiency in
using GPS. There are many recreational uses for GPS such as boating
and hiking. The problem is that you have to have waypoints to navigate
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to. You might think that this would mean that you have to have a mapping
GPS or use expensive maps with latitude and longitude information.
There are many sources for waypoint information, including free Internet
sources, relatively inexpensive computer mapping programs, and even
ordinary road maps. For this information | suggest my other text, Basic
GPS Navigation, available on my website at www.cockpitgps.com.

Errors

You are going to make mistakes using a GPS. There are simply so many
mistakes that can be made with such a complex piece of equipment.
Although it is better to not make errors in the first place, it is even more
important to be able to recognize the errors that you will inevitably make
so that you may correct them. The following is just a short list of possible
errors that come to mind:

U Navigating to the wrong point

Among the problems is that the GPS can execute erroneous commands.
If you try to go to BARIN intersection instead of the phonetically similar
BAIRN intersection, the GPS is fully capable of giving you guidance to the
incorrect one even though BAIRN is 664 nm. from BARIN. If you tune in
an incorrect VOR frequency, there is a reasonable chance that the
incorrect frequency would be out of range and no erroneous navigation
information would be given. If you put a W instead of an E in front of the
longitude for a manually entered waypoint, the GPS is fully capable of
navigating to this incorrect point even though it may be on the other side
of the world.

Although an aviation database could contain incorrect data, it is not nearly
as vulnerable to error as manually inputting coordinates for waypoints into
a generic non-aviation GPS. The first generation of jumbo jets using the
Litton INS required manual entry of coordinates. In fact, you could only
enter nine and they were identified by the position they were entered into
memory, 1-9. If you are measuring waypoints directly from a chart then
you have added another source of possible error. Not that manually
measuring and inputting waypoint coordinates is dangerous, but it is more
vulnerable to errors than selecting named waypoints from an internal
database.

U CDI HSI mode confusion

Mode confusion is a human factors term that basically implies that the pilot
thinks the aircraft is doing one thing but the airplane is in a different mode.
For panel mounted GPS receivers, depending on the GPS, the CDI or HSI
can indicate VOR/LOC data or GPS data. Furthermore, the OBS can
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select a bearing or radial or it can do nothing and be irrelevant in the GPS
mode. There is much potential for the CDI to be indicating something else
than what you think it is.

U Solutions

Obviously it is better to not make the mistake in the first place. | see a
dual approach. | see the first layer as trying to avoid the mistakes in the
first place. The cure for this is proficiency. However, even more important
is to be able to catch any errors that you have made.

Think of things you can do to help reduce the vulnerability to mistakes.
For example; if you are using a generic GPS, use one of the sources in
the Aviation Waypoint Data chapter of this book to download waypoints
instead of manually entering them. If you are using an IFR GPS, make a
CDI mode check part of selecting the approach.

Obviously a double check of what you do is important. However, this
sometimes fails. One of the best analogies that I can think of is
proofreading a text that you have written. You can go back and re-read an
erroneous text and not catch it because you see what you expect to see
even if that is not what is written on the page because you know what you
meant. The same thing happens with GPS or any other systems such as
autopilots.

One of the best methods is to check the action another way. Use the
analogy of grade school arithmetic: the best way to check an addition
problem is not to re-add, but to subtract one of the additives from the sum
to make sure that you get the other. Check the action by the results rather
than revisiting the input. Take going direct to a waypoint as an example:

If you execute a direct GOTO with the GPS, make sure that you see the
line going to the correct waypoint on the map display and that the distance
and other navigation information look correct.

The biggest cross check is what | call the reasonability filter. This is
simply being aware enough to catch a clue that something is wrong.
Usually there is a clue such as an unreasonable direction or distance that
should tip you off, but you have to display the data that will tip you off as
well as having your personal reasonability filter operating. If the next
waypoint is 600 nm. away and you are flying to a destination which is
approximately 100 nm. away, then you have probably incorrectly
programmed the GPS!

During the preflight stage, things like checking the route distance for
reasonable distances and checking that the course between waypoints is
approximately the correct direction will make a big difference. Looking at
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a graphic depiction to make sure that the
help. This is especially helpful if you are using a mapping GPS, but is still
useful if you just look at the route plot on a non-mapping GPS.

In flight there are also things you can do. | am a big fan of operating in the
map mode. | like to have it zoomed out so that the next waypoint is visible
so that | can do a reasonability check on its location. This is also why |
like to have the next waypoint displayed as a field. Although it is not
technically needed to fly a track, distance to the next waypoint is also very
useful. If the distance is not reasonable, something is wrong.

If you are flying VFR, a cross check might be as simple as looking out the
window and verifying that you are seeing landmarks that you should be
seeing.

If you are flying IFR and using a handheld GPS, you should tune the
radios that you normally would tune if you did not have the GPSd this is
for legal reasons as well as a cross check. If you are flying enroute IFR
with a certified GPS you should look at the map display or your
aeronautical chart occasionally to know where you are if the GPS quits --
in other words, keep your situational awareness above just knowing that
you are on the preprogrammed route.

| have had the GPS catch a mistuned VOR and | have had the VOR catch
a mis-programmed waypoint on the GPS. The point is to actively keep
your situational awareness and have a cross-check.

A rule of thumb that | use is with a minor disagreement between the GPS
and a VOR | have usually found the cause to be the lack of accuracy of
the VOR compared to the GPS. Every time | that | have cross-checked
with ATC, the accuracy of the GPS has been verified. If there is a large
discrepancy, | investigate. The possibility that the VOR has somehow
changed physical locations is slim, but there is a very reasonable chance
that | have incorrectly programmed the GPS.

Although GPS opens up a whole new set of possible errors, the situational
awareness and accuracy that GPS provides in many ways make these
errors possible to catch if you use sufficient vigilance, common sense,
cross checks, and airmanship.

Task Saturation and Prioritization

Your first priority is to fly the airplane. It is easy for the GPS to become a
distraction and to become overly involved in trying to program the GPS at
the expense of other more important tasks such as basic aircraft control.

If you are not proficient at a specific GPS task it might be better to find an
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alternative means. Even if you are proficient, there are times when it is
better just to leave the GPS alone.

For example, if you have to intercept a radial and you are having trouble
trying to figure out how to do it with the GPS, it might be better to use the
way that you know such as using the VOR rather than to get wrapped up
with the GPS task. When you get on the ground, figure out how you could
have done it with the GPS and you can try using the GPS next time.

Dependability

Whether or not GPS will work or not has a couple of components. | will
deal with the system issues shortly. Certainly, any electronic equipment
can fail. My personal experience is that | have found GPS to one of the
most dependable forms of navigation that | have used. However, always
have a backup. This backup might simply be a chart so that you can look
out the window to navigate using pilotage.

As an aside, even something as simple as pilotage can fail. In my youth,
well before GPS, | was ferrying a skydiving plane which had no radios.
This plane was a C-182 with the right door hinged at the top for skydiving
and the forward bottom corner cut out so that the simple latch at the
bottom of the door can be accessed from outside. | set my chart on the
floor and by the time that | diagnosed the flutter and whoosh, my chart had
passed through the cutout in the door. Since | was in unfamiliar territory,
the landmarks were relatively useless without the chart to correlate them
to where | was and wanted to be. | luckily found a small airport and was
able to land and buy a new chatrt.

Anyway, carry spare batteries if you have a handheld, know where you
are, and have another way of finding your destination--this is just good
airmanship. Based on my non-statistical personal experience, | think that
you will find GPS to be one of the most reliable navigation systems that
you can use, but you still want to be prepared if it fails.

GPS System issues

The three main system issues are integrity, accuracy, and availability.
Where these issues really become a factor is in deciding the limits of what
GPS can be used for in the future. From a practical standpoint, | think that
you will find GPS to be the most accurate and dependable system
available.
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U Integrity

Is the GPS information good? If there were an error in the navigation
signals, how would you know and how quickly would you know. This is an
issue for IFR approaches. For enroute navigation, especially VFR with a
handheld, | do not see this as a significant issue. This is especially
important for eventually using GPS for ILS type approaches. IFR
receivers have a feature called RAIM, Receiver Autonomous Integrity
Monitoring that uses redundant satellite signals to cross check the position
solution. Monitoring of the GPS signal is also one of the features of
WAAS. Both of these are discussed more in depth in the How it Works
chapter.

U Accuracy

For enroute navigation, the accuracy available from GPS far exceeds the
requirements. The Aeronautical Information Manual, AIM, quotes a GPS
accuracy of 100 meters with a 95% probability and 300 meters with a
99.9% probability. The GPS receiver itself will give its estimate of
accuracy based on the factors such as satellite geometry. Usually, you
will see the accuracy far exceed that quoted in the AIM. WAAS, Wide
Area Augmentation System, will increase this accuracy to 7 meters
horizontally and vertically.

To keep this in perspective, the inertial navigation systems that guide
airliners across the oceans can be several miles off course by the time
they reach the other side of the ocean. There is also a common problem
on some of the first generation glass cockpit aircraft such as the 757/767
known as map shift. Map shift is when the navigation computer suddenly
recalculates the position and shifts. This can sometimes be up to several
miles. Obviously, both the pre-shift and the post-shift positions cannot
both be correct.

A good way to get a feel for GPS accuracy is to drive along in the car with
a mapping GPS that shows roads. There will be some inaccuracy added
to the position error from the inaccuracies in the map. However, it is
nothing short of phenomenal that a widely available handheld device can
show me traveling down a road, let alone showing a consistent
displacement traveling back on the same road on the other side!

(i Availability

In addition to whether or not the system is operating, there is the issue of
whether you can get a signal-- are there enough satellites in view to
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navigate with? As a practical matter, | have never been in an open area
where | have not received sufficient signal coverage to navigate.

| have been in cities where the buildings have blocked the signal. This is
an issue for road navigation, but it is generally not a problem for aviation
navigation. | was on a bike ride through Manhattan once
(www.bikenewyork.org) where there were several times that the bicycle
traffic was so thick that there were traffic jams. During these stopped
times, because of some signals being blocked and others bouncing off
buildings, my GPS indicated position would bounce around Manhattan.
While moving, the satellites would not be permanently blocked, but would
come in and out of view. While | was moving, my track indicated within a
city block of where | was supposed to be. | have also used the GPS while
on a boat in the fjords of Norway being surrounded on both sides by
mountains with little problem.

Compare this to VOR navigation where many areas are totally without
coverage below a certain altitude.

Areas that will be affected by service interruptions are published by the
Coast Guard at http://www.navcen.uscg.gov/gpsnotices/ .

U Radio interference

| have read of problems with some radios interfering with GPS receivers.
The problem appears to be with other receivers in the range of 115 to 119
Mhz. Stan Protigal has quite a bit of information on his site at
http://www.scn.org/~bk269/gps.html. | have not found this to be a
problem, but if you find your GPS losing a lock on the satellites, you might
consider this as one possible cause.

U GPS backup

Although there has been talk in the past of using GPS as a sole navigation
system, it has pretty well been accepted that there must be some sort of
backup. It appears that the VOR system will be kept around for a while
longer.

Interestingly enough, the FAA is considering updating the Loran system as
a cost effective backup for GPS. Although, not quite as accurate as GPS,
with newer technology the potential accuracy is much improved over

Loran receivers in the past. Ot her
P-static have also been addressed. See www.loran.org for more
information.
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It is also possible that technology may develop to make some sort of
inertial navigation (see page 3-7 for an explanation) feasible for general
aviation.

Lastly, the nature of technology is such that something not even under
consideration yet may appear.

Legality of using a GPS

(U.S. rules)

u VFR

By default handheld GPS is legal for VFR navigation. Short of calling Miss

Cleobés 900 number on a cell phone for Taro
use any method that works to find your way. This brings us to the

certification standards for handheld GPS units. There are noned even for

aviation specific units. They are not certified and cannot be certified.

Handheld GPS essentially operates outside of the FAA regulatory sphere.

U IFR

A GPS has to be certified for IFR use. Furthermore, the specific aircraft
installation has to be certified. However, a VFR GPS, including a
handheld GPS is still of considerable use and is a safety enhancement as
well as being legal when used properly. This subject is covered
separately in Chapter 11 .

Database Currency

IFR GPS installations must have a current database for all practical
purposes. According to the footnotes in the AIM (Table 1-1-8, note 2) at
the time of this writing it is possible to use a non-current database as long
as you verify the waypoint data for IFR enroute and terminal use.
However, it is required to have a current database for approach use.

There is no database currency requirement whatsoever for VFR use.
Handheld GPS receivers come under this category. However, many pilots
have violated airspace by using an out of date GPS database. |
personally think spending several hundred dollars a year for a handheld
GPS is not necessary. What is important is that you make sure that you
have some form of current information. | recommend having a current
chart, creating a route on the chart before flight and cross checking the
GPS route against the chart before flight as opposed to just depending on
the airspace depiction on the GPS.
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How often do you need to update the database on a handheld GPS?

There simply is no good answer. It would be wonderful to update it on the

regular 28 day cycle, but this is not realistic. Some people update the

database every year whether it is needed or not. This is probably fairly

prudent and is reasonably inexpensive. Some people do not update the

database for years unless they find a compelling change. This is probably

fine as long as you are prudent and check a current chart which you

should do in any case and -gountryfldhtsn 6t do

GPS assisted airspace violations

Many pilots are still violating airspace even with GPS onboard.

| have already mentioned in my discussion of database currency that you
should set up a routing around any airspace and check it with a current
chart before flight. Even with a current database, it is possible for the
GPS to get you into trouble with airspaces.

Aviation receivers can be setup to display airspace boundaries and to give
warnings before entering certain airspace classifications such as Class B
airspace. These warnings can be a great benefit or a nuisance depending
on the type of flying that you are doing. Thus, most receivers allow you to
turn them on or off. Additionally, which boundaries will display and at what
zoom level they will appear and disappear can be set. The ability to make
these settings is a good feature and | would not want to see this changed.
However, it is possible to have the GPS not display or not warn of an
impending airspace violation if you have the GPS set up incorrectly for the
mission.

Even if the airspace boundary is displayed, it is often difficult to decide
what boundary a given line applies to. On the Garmin aviation receivers it
is possible to cursor over the point to get a description. On a handheld
GPS just press the rocker pad up, down, left, or right to start moving the
cursor. On the Garmin 400 and 500 series, press in on the knob and then
start moving the cursor. Move the cursor to highlight the line and press
the ENTER button to get information on the airspace.

| think one of the keys to avoiding a GPS assisted airspace violation is in
preplanning and preprogramming the route. This is important for not only
airspace, but terrain also. When the route is pre-planned using a current
chart or perhaps flight planning software, then the airspace depiction
features of the GPS become a valuable cross check and situational
awareness tool.

Also beware that the Garmin and some other GPS receivers will first
navigate to the second point on the route rather than the first point. The
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first point is used to define the beginning of the first leg. This is logical
once you understand it. | have a more thorough explanation on page 6-1.

Airline Passenger Use

If you want to use your handheld GPS as a passenger, it is at the policy
discretion of each individual airline. My airline allows passenger use
without an external cable from takeoff through touchdown. Some airlines
totally prohibit GPS usage. | would suggest the following sources for
individual airline policies.

1 Contacting the airline. The airline may have a policy on its web site.
1 www.gpsinformation.net. This is an excellent GPS site maintained by

a couple of retired engineers. There are a couple of links to articles on
using GPS as an airline passenger.

If you find that the airline that you are flying on does permit GPS use,
you wil | need to book a window seat. You
enough satellites by holding the receiver to the window.
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Chapter 3 How it Works

| took on this project because | did not find good coverage on how to
actually best exploit the features of GPS to actually navigate. However,
practically every book on GPS has an explanation on how it works. There
are also many good free sources on the Internet. | have listed several
sources towards the end of this book if you are interested in a more in
depth explanation of how GPS works. What follows is a purposely very
brief sketch of how GPS and a couple of other systems work.

Basic GPS

The GPS system is designed to have 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. The clock in the GPS is closer to the accuracy of a
cheap watch, but for purposes of explanation pretend that it is as accurate
as the GPS clocks for now.

Consider the GPS 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 matches

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

del ay caused by the signal dés travel ti
receiver. 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 intersect 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 T somewhere in outer space. Thus by knowing where you are
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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 a 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 signal 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 baro-altimeter input
and you may occasionally see a handheld GPS ask for your altitude
during poor reception conditions.

If you remember a little algebra you can look at the GPS position solution
as four simultaneous equations with four variables. The distance from the
satellite to the receiver for each of four satellites are the equations. The
variables are each of three dimensions for the location of the receiver as
well as the correct time.

The receiver has to know where the satellites are. Consider this to be

rough data and fine data. Each satellite transmits the rough data for all of

the satellites. This is called the almanac. Each satellite transmits the fine

data for itself. This is the ephemeris da
the satellites it is downloading this data.

Most GPS receivers directly measure velocity using the Doppler effect.

The Doppler effect is the change in frequency as an object moves away or

towards you. Think of an approaching trai
higher as it comes towards you then when it goes away i this is the

Doppler effect. The GPS receiver is able to use this principle to measure

how fast the receiver is moving toward or away from each satellite.

Knowing where it is, where each satellite is, how fast each satellite is
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moving, and what direction each satellite is moving, the GPS receiver is
abletoderive itds own velocity.

| should add that satellite geometry is also a factor. Ideally, the position of
the satellites should be spread out. If all the satellites used to find a
position are too close to being in the same plane, the accuracy of the
position will be degraded or the GPS will be unable to find a position.

RAIM

If four satellites or three and an altitude are required for the GPS to
calculate a three-dimensional position solution, the GPS can use the other
satellites it is receiving above the minimum necessary to cross check for
errors in the satellite data. This is basically how RAIM, Receiver
Autonomous Integrity Monitoring, works. This is a required feature on IFR
certified GPS receivers.

Newer GPS receivers, including 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 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 IFR 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 IFR certified.

Selective Availability, SA

SA is an intentional error introduced into the GPS signal to make it less
accurate. SA is no longer used. | mention it because you will still see it in
mentioned in literature on GPS.

Not only is GPS good for flying airplanes, but it is good for guiding bombs.
To prevent somebody else from doing this, the military added a little
random time shift to the satellite signal available for civilian use. This
added some inaccuracy to the calculated position.
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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 of SA. SA was turned off before September 11™, 2001.
The New York Times had an article discussing the fact that the hijackers
hadpurchased Garmin GPS 111 Pilot GPSO0s.
knowledge of the Garmin GPS Il Pilot, | can say that the presence of a
handheld GPS is totally irrelevant. The heating element layer of the
cockpit windows blocks the satellite signal to a level that makes a GPS
practically unusable.

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 6 minutes slow, you could look at your watch and
add six minutes to know exactly what time it was.

Differential GPS technologies use a receiver at a known point to measure
the error in the satellite signals and then broadcast this error. The
receiver then corrects its position for this error.

WAAS and LAAS are both differential type of technologies. What is
commonly called Differential GPS requires a separate receiver, which then
provides input into the GPS. Several harbors have differential broadcasts,
but it is not used in aviation.

WAAS, Wide Area Augmentation System

WAAS is a differential technology that uses approximately 25 ground
stations across the U.S. and Canada to calculate the errors. Europe and
Japan are also developing this technology, which will be known EGNOS
(Euro Geostationary Navigation Overlay Service) and MSAS (Multi-
Functional Satellite Augmentation System). The corrections are then
broadcast via a geo-stationary satellite. A WAAS capable receiver is
required, but no separate hardware is required.

WAAS will get GPS to an accuracy of 7 meters horizontally and vertically.
This is good enough for standard ILS type of approaches. This means
that any runway in the WAAS coverage area can have a basic ILS
approach without having to install an ILS. ILS transmitters are very
expensive to purchase, maintain, and certify.

Perhaps even more important than increasing accuracy, WAAS is
designed to provide superior integrity monitoring compared with RAIM.
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LAAS, Local Area Augmentation System

This is a quite some time in the future. This gets GPS to a category Il and
lIl ILS standard. Category Il and three ILS are the low visibility and in
some cases blind landings made by airlines and business jets. This will
use a local receiver to detect errors and transmit these errors via VHF.

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 may take an especially long time to get an
initial fix when you use the GPS for the first time after purchasing 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. It is this ephemeris data that the GPS actually uses for
deriving a position. The almanac is used for deciding which satellites to

~

il ook for . o

For most 12 channel parallel receivers, the GPS will start looking for the
satellites that it expects that it can receive based on its current position
and time using the 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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As an experiment, | have been able to prevent a GPS from getting a lock
by purposefully mis-initializing the position. However to do so, | have had
to trick the GPS into thinking it was on the other side of the planet. The
point of this is that accuracy of the initialization position is not important.
Anywhere within a couple of thousand miles might work and within a
couple of hundred miles is more than sufficient.

Since the GPS uses the almanac data to determine which satellites to
attempt to receive, 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 our every couple of months
to get a fresh almanac. Where | have seen this to be a problem is that
someone buys a new GPS and goes outside to test his new toy but does
not leave it on long enough to load a fresh almanac. Every time he
operates the GPS it takes a long time to get a position fix. The solution is
simple T leave the GPS on long enough to load a current almanac.

Most receivers have a mode where they can just start searching for
satellite signals by cycling through the list of satellites in a trial and error
manner. Obviously this will take longer than starting a GPS with a current
almanac and a good time and position initialization, but the advantage of
this mode is that it does not depend on an initialization position, time, or
current almanac.

Quite honestly, 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. Most receivers will prompt if you would like to
use the automatic mode, continue trying, use a new position, or ignore the
problem because you are indoors.

Once the GPS starts to receive data from a satellite, it will show a hollow
bar on the satellite page. There are some minor variations as to when the
bars go solid as to whether the particular satellite is actually being used for
a position fix or if it is merely capable of being used for a fix because it is
being received and the current ephemeris data has been downloaded.
The point is minor and really just means that in the first case you may not
see any bars go solid until at least four go solid simultaneously as you
start up. In the second case, you may see the bars go solid independently
and see a solid bar for a satellite even though you are not receiving
enough satellites to obtain a position.

A ADo for differential superimposed on t
corrections are being applied.
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FMS (Flight Management System)

This is still a book about GPS. However, | quickly want to explain FMS to

give you an idea of how the airlines f|
very expensive and are only on airliners and corporate jets. An FMS

integrates not only navigational data, put performance and air data. The

navigation portion of an FMS system makes navigation calculations by

taking multiple inputs and then weighting them for accuracy. The actual

raw input data, although available, is transparent to the pilot.

Many of the older FMS units just use VOR/DME. If you had a chart and
several VOR/DME receivers, you could track your position by plotting
radials and DME circles to see where they intersect. This is essentially
how a basic FMS works i nothing magical.

FMS was introduced i n80obhse. | at@P S/ Owass ainndt
in the early 9006s. FMS al so takes i1inpu
available and GPS in more modern installations. If inertial or GPS data is

present, it weighs the respective data according to its assumptions about

each systems accuracy to calculate navigation information.

Inertial Navigation

Inertial navigation systems are very expensive and are only found on more
expensive aircraft such as business aircraft and airliners. Initially inertial
units were very heavy and ridiculously expensive and were only used for
rockets and missiles. Eventually the technology was available on
international jumbo jets. Now, all recently manufactured airliners have
inertial systems.

| think inertial navigation is an interesting navigational technology and |
also think that a form of it might eventually find its way into general
aviation cockpits.

Inertial navigation is called INS (Inertial Navigation System) if it is stand-
alone, and IRU (Inertial Reference Unit) when it is used as an input to
another system.

Inertial navigation is conceptually very simple, but it is amazing that it
works. In a way it is nothing more than an advanced computerized and
instrumented form of dead reckoning. Two things that you can measure
about motion with no external reference are acceleration and turning.
Acceleration can be measured as a force and is proportional to

How it Works 3-7



www.cockpitgps.com

acceleration, which the change in speed as a function of time, which is the
change in position as a function of time.

For inertial navigation, you start with a known position and speed.
Actually most INS units require you to be still while they initialize, but one
of the parameters the INS takes into account is the speed of the aircraft in
that an airplane that is not moving relative to the ground is still moving
because of the earth is moving. This is a function of the initial location on
earth.

If you know where you were and how fast you were going, and if you can
measure your acceleration, a short period of time later, you can estimate
your speed. If you know where you started and the cumulative effects of
your speed since you started, then you can estimate where you are. If
you do this along two axis and add some gyros to tell you which direction
that you are going, then you have an inertial reference system.

What is absolutely phenomenal is that this is navigation without any
outside inputs. However, inertial navigation drifts over time. After
crossing an ocean, an inertial system may be several miles off course.

Transoceanic airliners without GPS use a trick where they use the middle
position of three INS units to navigate.
different from averaging. The INS units are compared and the position is

a combination of the middle latitude and the middle longitude of all three

units. The advantage of this is that one INS could drift off course very

badly and not affect the triple mix position. If the positions were averaged

instead of triple mixed, the drifting INS would affect the average position

also.

Inertial systems when working properly drift very slowly. Once over land
an FMS will update the inertial position by comparing it to VOR/DME
information. On many of the older INS units, the pilots would do this
update manually by flying over a known point and comparing it with the
INS position and then updating the INS. Many newer aircraft use GPS to
constantly update the INS.

The inertial position will be as accurate as the last update source minus
the drift from that time. If the update is frequent and accurate, such as
constantly through GPS, this position is very accurate. If the GPS signal
is lost, the INS will drift slowly, but the starting point of the drift is the last
GPS update. The big navigational advantage over GPS alone is in
redundancy. GPS updated INS is about the best navigational solution
available today in terms of accuracy and redundancy.
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As inertial navigation has advanced, spinning mass gyros have been
replaced by ring laser gyros and quartz resonators. However, the
principle of inertial navigation remains the same. Needless to say, this is
a gross over simplification. However, it should give you an idea of how it
works.

Few things can be developed just for aviation that will be economical.
However, off the shelf accelerometers and solid-state gyros are being
produced on a chip to measure acceleration forces for automotive airbags
and traction systems and other non-aviation uses.

The GPS signal is line of site and thus blocked by buildings. In an urban
canyon this can be a significant problem for automotive navigation
systems. Many of the more expensive systems use various techniques
similar to inertial navigation to orient the navigation system while the
signal is temporarily blocked.

To be used for additional redundancy, a general aviation system would not
have to have the stability to navigate for hours and thousands of miles, but
minutes and tens of miles.

Affordable solid-state attitude reference systems are finding there way into
general aviation. | can see it as only a matter of time before affordable
inertial systems are designed to give general aviation navigation a
sufficient level of navigational redundancy of inertial and GPS combined.
This will be important if the VOR system is phased out.
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Chapter 4 Which GPS

This book is not meant to be a buyerds
discuss relevant factors to consider in your purchase. Furthermore, since

my experience is primarily with handheld GPS receivers, this is my

primary emphasis.

In general, information on specific models of electronic gear has a short
life span. Information becomes quickly outdated and the best source of
information is from the Internet or periodicals. However, | feel that many
of the specific receivers that | mention will be in use for quite some time
both because they should continue to function for a long time and because
they will trickle down through used markets as many owners upgrade to
the Al atest and greatest. o

Thus, with the above caveat of an introduction, | offer this chapter.

Which GPS is best?

There are simply too many highly individual and competing factors to give

a simple answer to the question of fAWhi
non-aviation Garmin GPS Il is optimum if he were able to find a good

used one at a good price. For another pilot, a certified panel mounted

GPS would be best. The question you should ask is which GPS is the

most suitable considering a variety of factors such as how you are going

to use it and your budget.

Take the example of a new student pilot of modest financial means.

Some would argue that he should not even be using a GPS. Setting aside
this argument for the context of this chapter, | would argue that a generic
GPS such as an Garmin GPS V, Garmin GPSMap 76, or Lowrance
iFinder would be ideal. It is enough to learn some of the basics of GPS
navigation, it is still an effective tool, and it can be used for a variety of non
aviation uses. The money saved by buying this less expensive generic
GPS as opposed to a much more expensive aviation specific GPS would
be better spent on a couple more hours of flight time.

At the other extreme is a person who owns his own airplane, has an
instrument rating, and flies into general aviation airports where having an
IFR certified GPS adds greatly to the utility of the aircraft. A certified IFR
GPS such as a Garmin 430 or 530 would be an excellent choice.
Additionally, a Garmin 396 using the 430/530 output for input would add
weather and terrain capability as well as being an excellent battery
powered backup.
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Of course, this is not to imply that a generic GPS is for the poor and that
certified GPS receiver is a toy for the rich, just that there is a wide
continuum or needs. What is an ideal GPS depends on many competing
factors including usage and budgeting factors.

Update the software

|l f you purchase a handhel d GPS, go
download the latest software. Sometimes the update is to fix bugs and
sometimes it adds extra features. Most newer receivers include a
computer interface cable. If you have an older Garmin GPS that does not
include a cable and you do not want to purchase one, you can refer to

page 5-5.

Aviation Handheld vs. Non Aviation vs. Certified
Aviation models

One of the first decisions is whether or not to buy an aviation GPS.
Aviation GPS receivers are usually at a substantial price premium
compared to their non-aviation equivalent. There are many factors such
as the extra engineering, extra liability, the logistics of an extra model, and
in the end a relatively small market compared to the generic model. |
would like the premium to be smaller, but | am not sure that the premium
is unjustified.

| do not wish to steer anybody away from buying an aviation GPS
receiver. | recommend an aviation GPS if you can justify it and budget for
it. However, a non-aviation receiver is also a very effective tool when
used with proper technique, legal limitations, and good airmanship.

U Non-Aviation GPS receivers

One of the points of this text is that a non-aviation GPS is a great tool for
navigating an airplane. An expensive aviation GPS is not required for
basic navigation. There are still many pilots who are missing out on the
benefits of flying with GPS because they cannot justify the expense of an
aviation handheld GPS. The shame of it is that many of these pilots would
be very well served with a generic GPS. As fantastic as some of the new
aviation hardware is, | almost find it more fascinating that a generic GPS
for less than $100 can be used as an effective tool.

Essentially, a generic GPS will allow you to navigate from any point on
earth to any other point on earth as accurately as an aviation receiver.
The main limitation is in the lack of stored data. An aviation GPS will have

4-2 Handheld GPS in the Cockpit

t

(0]

t

he



www.cockpitgps.com

every fix, navaid, and airport stored in the country or region of the main
database. Outside of the main database region, it might even have some
navaid and major airport data. The non-aviation GPS is generally
restricted to 500, but sometimes 1000 or more, user defined waypoints.
Thus, you must enter the location of points as opposed to having a GPS
with the points pre-loaded. The amount of data that that you can store as
user waypoints is a fraction of the data available in an aviation GPS
receiver. | have several sources of this data in the Aviation Waypoint Data
chapter of this book.

To put this issue in perspective, the Litton inertial navigation units that

have guided many L-1011's, DC-1 0 6 s, a n d ss7hé gceass oftleer o
world would only store 9 waypoints. Compare this to a simple non-

aviation handheld GPS that stores 500 waypoints. By the way, a

handheld GPS is much more accurate than these inertial navigation
computers.

With one exception, the Magellan 315 and its updated sibling the basic
Sportrak, | know of no way of upgrading the software of a non-aviation
GPS into an aviation GPS. Since the Magellan 315 is a special case, |
discuss this receiver later in this section on page 4-30. Even though the
Garmin Street Pilot Color Map looks like a 295, there is no way to upgrade
the software on a Color Map to get a 295. Likewise, there is no way for
the user to make the 11l Plus into a Il Pilot. Furthermore, | know of no way
to add a full aviation database to the non-aviation Garmin units.

U GPS units to avoid

Generally, any GPS made for general or marine use will work well. The
receivers that | recommend that you avoid are those that are specifically
made for automotive use or the very bottom of the line receivers such as
the basic yellow Garmin eTrex.

Examples of such receivers are any of the specific automThese are fine
GPS receivers and certainly | could get some navigational use out of any
of them. However, they are either oversimplified or too tailored for
automotive use for me to recommend purchasing with aviation use in
mind.

U Data Fields

If you are looking at non-aviation receivers, make sure that it displays
enough data on one screen to be useful.

The GPS has to give you a way of knowing the direction that you need to
go, the direction that you are going, and how far off course that you are.
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Furthermore, it is important to know what point you are navigating to and
how far you are from it. Thus, the GPS should be able to display bearing
or desired course, track, and distance to waypoint on one page. My
recommendation is that you look at mapping units that are able to display
at least four fields on the map display. | find that generally four data fields
is sufficient, but more is better. | have more detail about what each data
field means and which ones are most useful in the Navigation chapter.

U Aviation handheld GPS

| do not want to leave you with the impression that aviation receivers are a
waste of money. If you look at the price of an-aviation handheld GPS in
terms of its capability rather than the price premium over a similar non-
aviation receiver, the aviation GPS is in many ways a bargain.

The fundamental difference between the aviation units and the non-
aviation units is that the aviation units have a Jeppesen database of fixes,
navaids, airports, and depiction of special use airspace. Also, many of the
aviation units add some E6-B type of functions and some other bells and
whistles such as descent planning.

Although aviation handheld receivers are designed to be used in an
aircraft, they are not in any way certified. In many comparisons between
an aviation handheld and a certified GPS, the handheld is in many
respects more capable. This is especially true when comparing an older
certified GPS with a newer handheld GPS. An exception is that most
handhelds do not include the full instrument approach in the database, but
rather the final approach leg. Where this becomes an issue is when a
handheld GPS receiver is used in IFR operations. This is a very
significant topic and | discuss it in more detail in Chapter 11 IFR use of
GPS.

U Certified GPS
As capable as some aviation handheld GPS receivers are, they are not a

substitute for a certified GPS if you need to fly GPS approaches. Again, |
cover this in more detail in Chapter 11 IFR use of GPS.

Processor Speed

Manufactures do not publish processor speeds. If they did, it would
probably be a useless metric anyway, because | am sure there is more to
overall performance such as the chips that run the display.

For the most part, this is probably not a factor in purchasing. Since there
is no standard metric, my purpose in bringing this factor up is that if you
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buy an older model GPS the processor is one of the improvements that
has been made in newer receivers. This means that an older receiver
might be a little slow when doing tasks which take a lot of processing such
as panning the map or calculating a turn by turn auto route.

Handheld interfaced with IFR GPS

It is possible to interface some handheld GPS receivers with a panel

mounted IFR GPS so that any routes or directs that are entered in the

panel mount are automatically reflected in the handheld without having to

separately enter the flight plan in the handheld. The data comes from the

RS-232 port on the panel-mounted unit in the handheld through the serial

cable. The handheld interface must be set
work on the Garmin aviation mapping handheld GPS receivers such as

the 195, Il Pilot, 295, and 296. There may be other receivers that this will

work with, but | will leave that to your investigation.

Map vs. Non-Map

Mapping displays have dramatically increased the usability of GPS. This
is why | advocate using the map display for navigation as opposed to the
course guidance pages such as an HSI page. You can still buy a non-
mapping GPS, but | would highly recommend buying a mapping unit.
Mapping provides both situational awareness and an error check that you
have programmed the GPS to navigate to where you really want to go.

Additionally, the map in conjunction with other methods can be used to
help plot routes for flying VFR flights as well as provide situational
awareness in flight. | have more information on this technique in the GPS
Preflight Route Planning chapter. Once you have used a mapping GPS,
you will not want to go back to a non-mapping GPS.

Most GPS receivers are sold as area specific models, such as Americas,
Atlantic, etc. Within this area, the basemap coverage shows major bodies
of water, roads, cities, railroad, etc. An important feature for non-aviation
use is the ability to load more detailed maps for non-aviation uses. These
maps are proprietary and non-aviation receivers have offered this ability
for a long time. This is a feature that the more recent aviation handhelds
such as the Garmin 196 and 295 and the Lowrance 500 and 1000 offer.
Older designs such as the Garmin 195 and GPS Pilot do not offer this
feature.

With the exception of compensating for the lack of coverage of the
basemap in some regions of the world that | will discuss in the next
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section, the extra detail offered from unloadable maps is not an important
feature for flying. In fact, screen clutter is more of a consideration than
lack of detail for flying. Some receivers, such as the Garmin 196, 295,
400 series, and 500 series have ways to quickly de-clutter the screen by
eliminating detail. The GPS lll Pilot and non-aviation mapping receivers
allow you to adjust the detail with the map setup page.
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Figure 4-1

Figure 4-1 shows the difference between the internal basemap and the
added maps. In this case, the comparison shows a Garmin GPS V
internal map compared with the Metro Guide Map. If | were to zoom the
GPS on the right even further, it would show most residential streets within
the area that | have the extra maps loaded.
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Figure 4-2

Figure 4-2 shows approximately how large of an area will fit into the 19
megabytes of memory in the Garmin GPS V. Obviously, there is quite a
bit of variation in the area that will fit in a given amount of memory
because of the difference in density of the information. You can fit quite a
bit more data for more remote areas than for more urban areas. Not
shown is that in the areas of the extra detail, it is possible to look up
addresses, intersections, and points of interest directly on the GPS.

The extra downloadable maps may or may not be included with the
purchase of the GPS. In the case of the Garmin 196, 295, 296, and 396
you will also have to purchase a memory module as well as the extra
maps on CD-rom. Optionally, Garmin sells an automotive kit that includes
the memory and maps.
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If you are on a budget, the price of the mapping software is part of the
total. However, it is something that you can purchase later. If you buy a
non-mapping GPS, you will not be able to upgrade later. If you buy a
mapping GPS, you can always buy the extra maps later. In the mean
time, the basemap is very useful for flying and general orientation.

For all practical purposes, the only maps that can be loaded are those that
are created and sold by the manufactures in a proprietary format. The
type of maps available and the areas of coverage vary from manufacture
to manufacture and compatibility varies somewhat with different GPS
models of the same manufacture.

| often see people asking why the manufactures do not design receivers

that allow you to scan your own maps instead of requiring the
manufacturesd proprietary software. No
argument, but the main problem is technical. The display of a map on a

GPS or a computer program is a display of much more in-depth data.

Take any paper map, such as a country or state map. Look at a city, now

get a magnifying glass and look at the same city, lastly pretend you are

looking at the same city with a microscope. At each stage of magnification

things got bigger but the map gave no more information.

As you zoom in with a computer-mapping program at each new stage,
more information can be displayed. Starting at a far zoom and moving in,
you might see national boarders and oceans, then you will see state
borders and highways, then you will see lakes rivers and major roads, etc.
The point is that there is much more information than scanning a map
would provide.

It is worth noting that there is point which zooming beyond will give no

more information, on many GPS receivers
displayed near the scale at this point. Zooming beyond this point just

results in magnifying the current data rather than getting to another layer

of detail. There is no harm in this and it may be useful i you just are not

going to get more detail.
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Non U.S. basemap caveat
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Figure 4-3 Garmin GPS Il Pilot

Most mapping GPS receivers are regional. For example, Garmin sells
Americas, Atlantic, and Pacific versions of their hardware. The aviation
data and basemap detail is very sparse outside of the coverage area.
As memory prices continue to plummet, | expect that this limitation will
eventually disappear.

For many non- U.S. residents, it is usually less expensive to buy a GPS in
the US. There is a catch in that the basemap of an Americas GPS lacks
the detail for European countries. The Atlantic version purchased in
Europe would have this detalil.

Figure 4-3 shows the detail for Orlando, FL for reference on the 2 nm
zoom and then the detail, or lack thereof, for Stuttgart, Germany at the
same zoom. The screen shot of Stuttgart would have aeronautical
features if | had loaded the Atlantic Jeppesen data. However, it would
lack terrain features such as roads and bodies of water that are nice for
VFR flying.

In the case of an aviation GPS, it is possible to purchase Jeppesen data
for other regions of the world. However, it is impossible with most
mapping GPS receivers, aviation or non-aviation, to update the basemap.

Depending on the GPS, it may still be possible to work around this
problem. The work around is to load more detailed maps into the
memory. If you have a Garmin GPS with the capability of loading extra
maps, you could load Map Source World Maps into the memory of a
Garmin mapping GPS.

The Garmin 11l Pilot does not offer memory for extra maps and the 1.4
megs of the GPS Ill Plus is very limited. However, for a variety of other
GPS receivers, this might be an option.

Figure 4-4 is from a Garmin GPS Map 76 with Garmin MapSource World
Map loaded for the Stuttgart area. Without the extra detailed maps, the
detail is similar to the example with the Garmin GPS Il Pilot in Figure 4-3.
The detall is similar in most areas to what you would expect in a basemap

4-8 Handheld GPS in the Cockpit



Wwww.cockpitgps.com

although some areas may have more coverage than others. The
highlighted area of Figure 4-5 is 7.94 MB worth of WorldMap to give you
an idea of area verses memory requirements.
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Figure 4-5 7.94 MB of Garmin MapSource WorIdMap

Terrain and Obstacle

Terrain and obstacle databases are separate features. Both are things
that you can smack into, but terrain is the topography of the earth and
obstacles are things like buildings, towers, etc. Terrain is a surface which
virtually does not change with the exception of volcanic eruptions. The
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data comes from the Space Shuttle Radar Topography Mission. For more
information go to http://srtm.usgs.gov/index.html.

Obstruction databases are problematic in that they depend on proper
documentation of structures such as buildings and towers being properly
documented. Obstruction databases are primarily available in the U.S.
with limited coverage for Canada, Mexico, and the Caribbean.

Garmin and Lowrance both offer models with terrain and obstruction data.
Obviously, the handheld models are not certified. The terrain feature has
the potential to save many lives when used properly and kill some people
if abused.

Consider the difference between a railroad track and a guardrail along a
road. A railroad track is used to guide the vehicle. It is critical that every
inch is exactly where it should be. A guardrail is hopefully never used. If
a guardrail is used, it is to prevent the car from going over the cliff if the
driver has failed to keep the car on the road. Although it is desirable that
every inch of guardrail is in place, it is still good to have a guardrail on
most of the road even if a section is missing.

The terrain feature is analogous to the guardrail! You still need to be
aware of the MEA, MOCA, grid MORA, etc.

If you find missing areas, take the time to inform the manufacture.

Weather

Garmin recently introduced the GPS 396. It offers the ability to display XM
satellite weather. There are also some non-aviation versions such as the
39606s si bl thatgffer samie ef th&norégviation weather
features.

Here is my | aymands understanding of XM we

Think of this setup like a TiVo recording the Weather Channel. The XM
satellites continually broadcasts the data and the GPS or computer goes
into the cache for the data. | have read somewhere where the update
cycles are on the order of 5 minutes.

Because the receiver does not have to transmit requests to the satellite,
the cost, size, and power required are considerable reduced. Also, since
the satellite is not sending individualized data to every receiver, XM is not
limited by the number of users.
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Coverage is only available in the Continental U.S., coastal waters, and
parts of Canada and Mexico. There is also a subscription fee involved.

| expect that the major U.S. airlines will have this within the next 10 years!
(Sorry, | could not resist a little sarcastic commentary)

Antenna Issues

Another factor is where you actually intend on using the unit in the

aircraft. Therefore, the physical shape and antenna configuration is
important. How you would mount and orient a GPS would be different in a
hang glider as opposed to a conventional cockpit. This has an effect on
what antenna configuration will work best.

The GPS signal is basically line of sight and is prone to being blocked by
the aircraft. There are many variations, configurations, and possible
solutions. You will have to experiment to find a good location and as to
whether or not you will need an external (to the GPS i internal to the
airplane) antenna. Generally, the metal skin of a fuselage or high wing will
block the signal and the windows will be transparent. | have no
experience with fabric or fiberglass aircraft and GPS, but | suspect that the
fabric is transparent, but some coatings may affect this. If you plan on
using the GPS on the yoke, the ability to have an external antenna is
important.

Several GPS's, such as the Garmin GPS Il and Ill series, can be used on
the glare shield. | am particularly fond of this location. The disadvantage
is that a bigger GPS could block your view slightly. The advantage is that
it keeps your eyes closer towards being out of the aircraft. Usually in this
position the satellite reception will probably be adequate without having to
hassle with an external antenna.
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Figure 4-6
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The antenna type is an issue in that it effects how you should orient the
GPS in the aircraft. There are two types of antennas-- helix and patch.
The helix antenna is designed to be orientated perpendicular to the earth
like a flagpole and the patch antenna is designed to be orientated parallel
to the earth.

It used to be possible to tell the type of antenna just by looking at the
receiver. The patch antennas were the built in types such as on the
eTrex, Garmin 12, and Garmin 195. The helix antennas usually had some
form of protrusion such as on the Magellan 300 series or the Garmin
receivers with the detachable antennas. However this visual distinction is
no longer true. The Garmin 72 and 76 as well as the Magellan Meridian
series have helix antennas. The good news is that a unit that might
appear to have a patch antenna judging by the appearance of the case
such as the Garmin 72 might have a helix antenna but | cannot think of a
case where the opposite would be true.

In general, the helix antenna is better for aviation use. A patch antennais
fine for a GPS that is going to be held in your hand in front of you while
hiking. Itis less than desirable when you try to mount it vertically in an
aircraft. While we are on the subject of holding the receiver in this
manner: There is a very good reason why the buttons are at the top
rather than the bottom on many GPS receivers. Hold one of these
receivers in your hand and notice the proximity of the buttons to your
thumb. This configuration, with the buttons on top, is ideal for single-
handed operation.

There are many cases where a patch antenna might be fine. Cases that
jump to mind are ultra light or hang gliding mountings. This is not to say
that a patch antenna unit would not work vertically, especially if the angle
is more like 45 degrees -- it is just not optimum. The Garmin 195 has a
patch antenna, but it also includes a separate external antenna. | have a
Garmin eTrex Legend that amazes me at how well it maintains a lock for
having a patch antenna while being held totally vertical.

Some aircraft have windshield heat layers that will absorb quite a bit of the
signal. In this case, you can usually place an external (to the GPS)
antenna in an unheated window. You might find that although degraded,
the reception through this layer is still sufficient without having to resort to
the hassle of the external antenna.

If you find that you need an external antenna and have a GPS with a
removable antenna such as the Garmin I, I, V, 176, 196, or 295 a piece
of coaxial cable with the proper fittings can be purchased from a place
such as Radio Shack very inexpensively. Suction cups with clips to hold
the antenna are available at office supply stores.
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| have devoted enough discussion to this antenna issue to make it sound
like it is a major complication. One of the things that amazes me is how
well modern twelve channel receivers maintain a lock on the satellites in
less than optimal conditions. Antenna type and location are certainly
necessary to consider, but I think that you will find it easy to get a
handheld GPS to work in the aircraft.

Mounting

Most of the manufactures sell various mounts for their units. In addition to
standard mounts, Garmin makes a clever bean-bag mount for the glare
shield. You might also check out:

Ram Mounts, www.ram-mount.com

Gilsson technologies, http://www.gilsson.com

VersaTrue, www.versatrue.com

PropellerHead Pilot Essentials,
www.propellerheadpilotessentials.com

Lobster Mounts, www.lobstermount.com

Be careful that you are not making a change to your aircraft that would
require FAA approval.

GPS mounting is an opportunity for a |
activity. In addition to the official solutions, clamps, Velcro, rubber bands,
tape, etc. can also be useful.

Recentl vy, | discovered another unique i
material that you might experiment with for a temporary installationd Silly

Putty. Silly Putty will keep the GPS from sliding around on the glare

shield. When you are done, the Silly Putty will peel away from solid

surfaces. This is for a very temporary installation such as for a couple

hours in a rental aircratft.

Silly Putty will not support a cantilever type of installation like a GPS
standing straight up. You might be able to use Silly Putty to anchor the
base of a GPS with the top resting against the windshield also anchored
by Silly Putty. Obviously, be careful not to block your view. Silly putty will
slowly flow over time and should not be left in place. Also, it is probably
only marginally better than chewing gum for your carpet and fabric
upholstery, test the material you plan on using it on first.

| have used Silly Putty instead of the removable disks that come with the
Garmin GPS 196 to anchor the GPS to the dashboard of my mini-van. |
stretched the Silly Putty into a string and put a small bead around the
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base. The bead worked like a suction cup on the textured dash. | found
that it held well even after several weeks on the dash in the Florida sun. It
was also removable.

Receiver effectiveness (sensitivity)

What | mean by receiver effectiveness i s s
T how well can the GPS get a signal. | would defiantly qualify as a laymen
in with regard to understanding the various receiver issue.

Essentially, some GPS receiver receive much better than others.
Generally, | recommend avoiding any of the older non-parallel receivers.

There are some newer receivers that are significantly more sensitive that
are just coming on the market. At the time of this writing, none of the
aviation GPS units have these new receivers. Although the extra
effectiveness will always be welcome, any relatively recent 12 channel
parallel receiver is fine for aviation and most other uses. The primary
benefits of these new super sensitive receivers are for non-aviation
situations where the GPS signal is only marginally useful such as through
a coated automotive windshield, urban environments, and under a thick
wet canopy of leaves.

Examples of GPS units with this increased sensitivity are the Garmin
60cx, 76¢x, and Legend Cx. | have found the effectiveness of my 60cx to
be significantly better than other receivers in marginal situations.

| do not know of any manufacture that still manufactures anything less
than a twelve channel parallel receiver. However, you can find and should
avoid them on the used market. If you remember, there are 24 satellites
in the system. Up to 12 of satellites could be in view above the horizon.
The other twelve are on the other side of the earth. A twelve-channel
receiver basically has 12 separate internal receivers on a chip with each
dedicated to one satellite. At the other extreme are some older GPS units
that only had one internal receiver that time shifted between receiving
different satellites. An 8 channel serial receiver is a receiver that will track
up to 8 satellites, but it does so by shifting between the 8. Some of these
receivers will not work above 100 knots.

There are a couple of variations between the single channel multi-plex and
the 12-channel parallel. To keep it simple, only consider the 12-channel
parallel units if you are | ooking at wused
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WAAS

U IFR receivers

WAAS (explained on page 3-4) will offer increased accuracy and integrity.
The biggest initial advantage of WAAS will be the integrity offered for IFR
certified receivers. The promise of WAAS is that eventually it will add the
capability to provide an ILS type of approach based on GPS without
needing an expensive ILS installation at the airport.

For IFR receivers, WAAS is a big deal. | would perhaps argue that WAAS

i snét that big of a deal i n i s odtiemt i on,
standard and set of capabilities that come with it. The new WAAS TSO is

C146, rather than TSO C129a. Among other changes, the receivers will

have to take a position 5 times per second rather than once each second.
Obviously, the software will include vertical navigation capabilities. This

involves much more than a simple software upgrade.

Much of the benefit from WAAS is not so much because of the increased
accuracy as much as it is from the improved integrity monitoring of the
system that it allows. Because of this, new certification standards allow
more capability to be built into the boxes and approaches to be designed
around this improved capability.

U Handheld receivers

Because of their non-certified nature, handheld GPS receivers have been
offering WAAS for quite some time. It is only more recently that WAAS
has been certified for IFR use. Thus, with handheld receivers WAAS has
been much easier to implement, but it has also not been a significant
change.

| would not go so far as to say that WAAS is nothing more than a
marketing gimmick for handheld receivers. More accuracy is always nice.
However, | know of no handheld receiver that makes special use of WAAS
in its software design.

The GPS signal used to be degraded by the government, this was known
as Selective Availability, SA. The elimination of SA resulted in a
significant increase in accuracy. The addition of WAAS to consumer
handheld receivers has resulted in an incremental and sometimes
unnoticeable increase in accuracy, but insignificant compared with the
elimination of SA.
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For a handheld receiver, WAAS is not a purchasing decision that is made
in isolation. Generally, a newer handheld design such as a Garmin 196
will offer WAAS and an older design such as the Garmin Il Pilot does not.
| would not recommend buying a WAAS receiver just because it has
WAAS but basing the decision on other factors. Using this comparison as
an example, | would not recommend buying the GPS 196 because it has
WAAS, nor would | recommend against the Il Pilot because it does not
have WAAS. | would recommend that you evaluate all of the other
features and consider WAAS or the lack of it to be just one more feature,
and perhaps a minor one at that.

WAAS is nice, but | have found that the going from 25 ft accuracy to 15
feet accuracy is not critical for finding an airport, but it could be useful for
finding a tree stand, wreck to dive on, or for other non-aviation recreational
uses. With SA off, the accuracy improvement offered by WAAS is going
to be more like a factor of 1 to 2 rather than 5 to 10.

Battery Life

Battery life may or may not even be a factor. If you can plug the GPS into
a cigarette lighter, the battery life is a non-issue. Take the manufactures
claims to be optimistic. Some of the figures quoted for the non-aviation
units are for operation in the battery saver mode. Battery saver mode is
where the GPS saves power by taking fewer position samples. | would
recommend against using GPS in the aircraft in the battery saver mode.

| have seen claims on that NiMh batteries last longer than alkaline
batteries. It is my understanding that this is true in some applications, but
GPS is not one of them. A GPS provides a steady draw over several
hours rather than short periods of high drain. Under this type of load NiMh
batteries do not last as long on a charge as alkaline batteries. NiMh
batteries are still very good for GPS use, just do not expect a charge to
last as long as alkaline batteries. For reference, | find my GPS Il Pilot
lasts between 15 and 18 hours with generic alkalines and between 6 and
8 hours with NiMh. Garmin quotes a life of up to 10 hours.

Screen Issues

U Resolution

When comparing different mapping units look at screen resolution in
addition screen size.
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U Color
Color is now very practical for battery powered GPS receivers.

| have a relatively new cell phone with a color screen. It looks fantastic in
the store. When | go outside, it is very difficult to read. This has
traditionally been a problem with color LCD screens. One way to
overcome this is with sufficient backlighting, which takes power. If you are
using the GPS on batteries, this has been a real issue.

The newer color screens are very readable in direct sunlight. | have a
Garmin Vista C that is very readable in direct sunlight and although | have
not directly measured it, the battery life is very good. | have been very
impressed with the Garmin Legend C, Vista C, 60C, 76C, 276 and 296
with regard to the screen. Not that these are the only GPS units with a
good color screen, but if you are looking to purchase a color GPS and
planning on operating it on batteries look at the sunlight readability and
battery life.

U Backlighting

With a color screen such as on the Garmin GPS 295, backlighting is not a
separate issue i either you like the screen and it is bright enough to see
or not.

Most GPS receivers have backlighting. The specific technologies vary.
Older monochrome GPS receivers tend to have electroluminescent
background lighting. Some of the newer monochrome GPS receivers,
such as the Garmin GPS 196 and GPS V, have white LED backlighting.
In addition to the white LED displays looking better, | have found they are
even useful during the day. The buttons also must be visible to use the
GPS at night. On all of the Garmin receivers that | know, the buttons are
also lighted.

One of the biggest things to look for with backlighting if you plan on flying

much at night is multiple adjustment levels. For example, the GPS 76 and

entire eTrex series only offer on or off. Several others such as the lll, V,

and 196 offer many settings between off and full. Not having an

adjustable backlight level or having the old green electroluminescent
backlighting may not be a problem, espe
night, but it is one more factor to consider.

By the way, the default is for the backlight to shut off after a couple of
minutes. This can be changed in the settings to stay on indefinitely when
selected. Obviously, the batteries will last longer with the light off, but
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| have found that using a GPS with an LED or electroluminescent screen
on continuously is surprisingly feasible using batteries.

For the most part, monochrome screens are readable in daylight.
However, when wearing sunglasses even a good monochrome GPS
screen can be difficult to see if the screen is shadowed. With white LED
backlighting such as on the Garmin GPS 196 and GPS V, | found that the
backlighting is sufficiently bright to help out. On other GPS receivers, the
glare from a well-placed piece of white paper often helps to illuminate the
screen.

Internal Compass

Several non-aviation receivers such as the Garmin GPS MAP76S and the
Garmin eTrex Vista have an internal electronic compass. With the
possible but doubtful exception of helicopter use, this feature is irrelevant
for aviation use.

In order for the GPS to get directional information it must be moving. The
only directional information that the GPS uses is based on this movement
T it has no idea which way it is pointed. If you are using the GPS for
something like hiking and are stopped then there is no movement and
therefore no track data. This is where the compass comes in. Below a
certain speed, which is adjustable but is usually a couple of knots, the
GPS will use the internal electronic compass data instead of the GPS
track data.

Internal Altimeter

Some GPS receivers such as the Garmin GPS 76S and Vista have a
barometric pressure sensor. | do not know of any aviation handheld that
has a barometric altimeter such as this. Remember that GPS will
calculate a 3-dimensional position that includes altitude. Some of the
certified aviation receivers have an input for barometric altimeter input.

Although | am not convinced that there is much if any benefit of the
internal altimeter for aviation use, both the Garmin GPS 76S and Vista
offer limited vertical navigation, VNAYV, features that may be useful for
flying. | have a discussion on VNAV and how to use it on page 9-8 as well
as the IFR use in the Vertical Approach Profiles

Although irrelevant for aviation, both the GPS 76S and Vista offer more
memory for maps and an internal compass in addition to the VNAV
features.
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Proximity Waypoints

This feature allows you to specify a waypoint and then draw a circle

around it of a given radius. When you reach this radius, the GPS gives a

warning that you are approaching the proximity waypoint. The warning
doesndét come until you asevenilitedethg t he
on top of that. So if you use this feature, add a margin. However, the

circle is accurate that is drawn on the map page is of use for routing

around things such as TFRO6s.

This appears to be somewhat of a marine GPS feature. By no means a
complete list, but the Garmin 70 series, the 176, and the 196 have
proximity waypoints. The Garmin 295 and Ill series do not have them.

Proximity waypoints are a nice feature. If you fly VFR and you buy a GPS
that has them, | want you to know what they are. However, | do not see
them as much of a deciding factor in choosing a GPS for aviaton use. |
have more details of how they can be used as well as how you can avoid
TFROs without tho25. feature on page

Non-aviation use

You may or not be able to find one GPS that suits all of your activities.
There are so many competing considerations that you will probably have
to compromise the suitability for one activity in favor of another or just
have different GPS receivers for different activities.

Most handheld GPS models are a variation of a non-aviation GPS. In the
past, the aviation version often had some of the functionality of the non-
aviation receiver compromised. For example, the Garmin GPS Il Plus
offers 1.4 megabytes of memory to load extra maps into. The Garmin
GPS 11l Pilot uses this memory for aviation data and has no room or
capability to load extra maps. Remember, at one time 1.4 megabytes was
considered to be a fair amount of memory, this was a whole floppy disk
worth of data!

This has changed. The newer aviation receivers offer the aviation
functionality in addition to rather than in lieu of the non-aviation
functionality. For example, the Garmin 96C, 196, 296 would be just for
non-aviation use as their brothers the 76C, 176, and 276. In fact the
aviation Garmin 196 offers automobile routing and the non-aviation 176
series does not.
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Although no compromise must be made with respect to the functionality of
the aviation verses the non-aviation version, you still may have to make a
compromise if you plan on using the GPS for different activities.

The Garmin 276 is probably one of the finest and most versatile
handhelds. The 276 is also excellent for use on a boat and in your car.
However, it would be a poor choice for hiking kayaking. It is too big for
hiking and although it would work well on my kayak, the expense would
make me uncomfortable putting it at risk. Although a 276 would be nicer
for flying, a 96C would work well for general outdoor use such as hiking
and kayaking.

My point is that if you are using a GPS for different activities, you will have
to decide how much of a compromise you are willing to make and which
activity you want to optimize. Perhaps little compromise is even
necessary. In my case, if | had a bigger boat instead of a kayak, the 296
would be a top pick for both flying and boating. You may find, as | have,
that you want a separate GPS for other activities. Your alternative uses
and budget will be the biggest factors in choosing a GPS that will also be
useful for other activities.

The bright side to this is that even though it is may be hard to find a piece
of GPS hardware that will suite all of your activities, proficiency and
knowledge gained from one use will help in another use. To some degree
the same principals of navigation hold true whether you are paddling at 4
knots or flying at 400 knots.

For other information on using GPS for non-aviation use, | would suggest
a browse around www.gpsinformation.net. | would also recommend my
other text, Basic GPS Navigation which is also available at
www.cockpitgps.com. | have information on where to get non-aviation
waypoints as well how to use ordinary maps with a GPS.

U Automotive Mapping

The Garmin 96, 196, and 296 as well as numerous non-aviation receivers
offer automatic road routing. The key to auto routing is loading in extra
detailed mapping data.

| thought that auto routing was interesting, but personally not that useful.
Most of the streets in Orlando, FL, where | live, are laid out on a north-
south and east-west orientation. It is relatively easy to find your way in a
car.

| was in Atlanta for several weeks for training and found the auto routing of
the GPS V to be tremendously useful. Atlanta roads are winding and
definitely have no relationship to a grid type layout and half of them are
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named Peachtree something or other. The GPS V processor is a little
over taxed and takes a while to find a route, but it does work. The Garmin
196 has a very fast processor and the auto routing works very well.
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Figure 4-7

Figure 4-7 shows the difference between an auto route and a direct route.
Both cases are using a Garmin GPS V. In the first screen | had the GPS
calculate the fastest time to an address. While actually driving the route,
messages pop up to alert you to the next turn. In the second screen, | had
the GPS create an off road routing to the same address. This second
screen is the way in which a wide variety of non-auto routing GPS
receivers can be used in the car.

Auto routing is slick technology. However, just because a GPS does not
have auto routing, does not mean that it is useless in the car. Often just
being able to know your position in relationship to the final destination is
90% of the utility. If you are truly unfamiliar with an area, you can create a
route from the origin of the automobile trip to the destination. You can
then use the map editing features to drag the route to intersections where
you have to turn along the way. This is the same technique that | later
describe for creating routes for VFR flights. Thus, you will be reminded of
not only where you are in relationship to the destination, but also where
you are in relationship to the next turn. | have used a Garmin eTrex
Legend very effectively in this way.

For GPS receivers without the ability to load extra street level maps, or
with no mapping ability at all, you still might occasionally find it useful to
find the coordinates of an address and using the GPS to help find the
address. A couple of sources of coordinates are:

1 Computer mapping programs such as Delorme Street Atlas and
Microsoft Trips and Streets. Many PC programs also allow you to use
the GPS linked to a laptop computer for added function.

1 On the web, most mapping sites do not give latitude and longitude, but
some such as www.mapsonus.com do give them. Note that this site
gives latitude and longitude in NAD-27 datum. If you enter the
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