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Preface

FlightGear is a free Flight Simulator developed cooperatively over the Internet
by a group of flight simulation and programming enthusiasts. "The FlightGear
Manual" is meant to give beginners a guide in getting FlightGear up and running,
and themselves into the air. It is not intended to provide complete documentation
of all the features and add-ons of FlightGear but, instead, aims to give a new user
the best start to exploring what FlightGear has to offer.

This version of the document was written for FlightGear version 1.0. Users of
earlier versions of FlightGear will still find this document useful, but some of the
features described may not be present.

This guide is split into three parts and is structured as follows.

Part I: Installation

Chapter 1, Want to have a free flight? Take FlightGear, introduces FlightGear,
provides background on the philosophy behind it and describes the system require-
ments.

In Chapter 2, Preflight: Installing FlightGear, you will find instructions for in-
stalling the binaries and additional scenery and aircraft.

Part 1I: Flying with FlightGear

The following Chapter 3, Takeoff: How to start the program, describes how to actu-
ally start the installed program. It includes an overview on the numerous command
line options as well as configuration files.

Chapter 4, In-flight: All about instruments, keystrokes and menus, describes how
to operate the program, i.ehow to actually fly with FlightGear This includes a
(hopefully) complete list of pre-defined keyboard commands, an overview on the
menu entries, detailed descriptions on the instrument panel and HUD (head up
display), as well as hints on using the mouse functions.

Chapter 5, Features describes some of the special features that FlightGear offers
to the advanced user.

Part II1: Tutorials

Chapter 6, Tutorials, provides information on the many tutorials available for new
pilots.
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Chapter 7, A Basic Flight Simulator Tutorial, provides a tutorial on the basics of
flying, illustrated with many examples on how things actually look in FlightGear.

Chapter 8, A Cross Country Flight Tutorial, describes a simple cross-country flight
in the San Fransisco area that can be run with the default installation.

Chapter ??, An IFR Cross Country Flight Tutorial, describes a similar cross-country
flight making use of the instruments to successfully fly in the clouds under Instru-
ment Flight Rules (IFR).

Appendices

In Appendix A, Missed approach: If anything refuses to work, we try to help you
work through some common problems faced when using FlightGear.

In the final Appendix B, Landing: Some further thoughts before leaving the plane,
we would like to give credit to those who deserve it, sketch an overview on the
development of FlightGearand point out what remains to be done.

Accordingly, we suggest reading the Chapters as follows:

Installation

Users of binary distributions (notably under Windows): 2
Installation under Linux/UNIX: 2
Installation under Macintosh: 2
Operation

Program start (all users): 3
Keycodes, Panel, Mouse. . . (all users): 4
Troubleshooting

General issues: A
Optionally 1,B

While this introductory guide is meant to be self contained, we strongly suggest
having a look into further documentation, especially in case of trouble:

e For additional hints on troubleshooting and more, please read the FAQ

http://www.flightgear.org/Docs/FlightGear-FAQ.html,

The FAQ contains a host of valuable information, especially on rapidly chang-
ing flaws and additional reading, thus we strongly suggest consulting it in
conjunction with our guide.

e A handy leaflet on operation for printout is available at
http://www.flightgear.org/Docs/InstallGuide/FGShortRef.html,

e Additional user documentation on special aspects is available within the base
package under the directory /F1lightGear/Docs.


http://www.flightgear.org/Docs/FlightGear-FAQ.html
http://www.flightgear.org/Docs/InstallGuide/FGShortRef.html
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e There is an official FlightGear wiki available at http://wiki.flightgear.org,

Finally:

We know most people hate reading manuals. If you are sure the graphics driver
for your card supports OpenGL (check documentation; for instance all NVIDIA
Windows and Linux drivers for TNT/TNT?2/Geforce/Geforce2/Geforce3 do) and if
you are using one of the following operating systems:

e Windows 95/98/ME/NT/2000/XP,
e Macintosh Mac OSX

e Linux

you can possibly skip at least Part I of this manual and exploit the pre-compiled
binaries. These as well as instructions on how to set them up, can be found at

http://www.flightgear.org/Downloads/.

In case you are running FlightGear on Linux, you may also be able to get bina-
ries bundled with your distribution. Several vendors already include FlightGear
binaries into their distributions.

Just download them, install them according to the description and run them via
the installed FlightGear icon (on Windows), or textttfgfs having set the environ-
mental variables described in Chapter 3 (on Linux).

There is no guarantee for this approach to work, though. If it doesn’t, don’t
give up! Have a closer look through this guide notably Section 2 and be sure to
check out the FAQ.


http://wiki.flightgear.org
http://www.flightgear.org/Downloads/
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Chapter 1

Want to have a free flight? Take
FlightGear!

1.1 Yet Another Flight Simulator?

Did you ever want to fly a plane yourself, but lacked the money or ability to do so?
Are you a real pilot looking to improve your skills without having to take off? Do
you want to try some dangerous maneuvers without risking your life? Or do you
just want to have fun with a more serious game without any violence? If any of
these questions apply to you, PC flight simulators are just for you.

You may already have some experience using Microsoft’s () Flight Simulator
or any other of the commercially available PC flight simulators. As the price tag of
those is usually within the $50 range, buying one of them should not be a serious
problem given that running any serious PC flight simulator requires PC hardware
within the $1500 range, despite dropping prices.

With so many commercially available flight simulators, why would we spend
thousands of hours of programming and design work to build a free flight simula-
tor? Well, there are many reasons, but here are the major ones:

o All of the commercial simulators have a serious drawback: they are made
by a small group of developers defining their properties according to what
is important to them and providing limited interfaces to end users. Anyone
who has ever tried to contact a commercial developer would agree that get-
ting your voice heard in that environment is a major challenge. In contrast,
FlightGear is designed by the people and for the people with everything out
in the open.

e Commercial simulators are usually a compromise of features and usability.
Most commercial developers want to be able to serve a broad segment of
the population, including serious pilots, beginners, and even casual gamers.
In reality the result is always a compromise due to deadlines and funding.
As FlightGear is free and open, there is no need for such a compromise.

15
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We have no publisher breathing down our necks, and we’re all volunteers
that make our own deadlines. We are also at liberty to support markets that
no commercial developer would consider viable, like the scientific research
community.

e Due to their closed-source nature, commercial simulators keep developers
with excellent ideas and skills from contributing to the products. With Flight-
Gear, developers of all skill levels and ideas have the potential to make a
huge impact on the project. Contributing to a project as large and complex
as FlightGear is very rewarding and provides the developers with a great
deal of pride in knowing that we are shaping the future of a great simulator.

e Beyond everything else, it’s just plain fun! I suppose you could compare us
to real pilots that build kit-planes or scratch-builts. Sure, we can go out a
buy a pre-built aircraft, but there’s just something special about building one
yourself.

The points mentioned above form the basis of why we created FlightGear.
With those motivations in mind, we have set out to create a high-quality flight
simulator that aims to be a civilian, multi-platform, open, user-supported, and user-
extensible platform. Let us take a closer look at each of these characteristics:

e Civilian: The project is primarily aimed at civilian flight simulation. It
should be appropriate for simulating general aviation as well as civilian air-
craft. Our long-term goal is to have FlightGear FAA-approved as a flight
training device. To the disappointment of some users, it is currently not a
combat simulator; however, these features are not explicitly excluded. We
just have not had a developer that was seriously interested in systems neces-
sary for combat simulation.

o Multi-platform: The developers are attempting to keep the code as platform-
independent as possible. This is based on their observation that people in-
terested in flight simulations run quite a variety of computer hardware and
operating systems. The present code supports the following Operating Sys-
tems:

Linux (any distribution and platform),
Windows NT/2000/XP (Intel/AMD platform),
Windows 95/98/ME,

BSD UNIX,

Sun-OS,

— Macintosh.

At present, there is no other known flight simulator — commercial or free —
supporting such a broad range of platforms.
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e Open: The project is not restricted to a static or elite cadre of developers.
Anyone who feels they are able to contribute is most welcome. The code (in-
cluding documentation) is copyrighted under the terms of the GNU General
Public License (GPL).

The GPL is often misunderstood. In simple terms it states that you can copy
and freely distribute the program(s) so licensed. You can modify them if you
like and even charge as much money as want to for the distribution of the
modified or original program. However, when distributing the software you
must make it available to the recipients in source code as well and it must
retain the original copyrights. In short:

”You can do anything with the software except make it non-free”.

The full text of the GPL can be obtained from the FlightGear source code or
from

http://www.gnu.org/copyleft/gpl.html.

e User-supported and user-extensible: Unlike most commercial simulators,
FlightGear’s scenery and aircraft formats, internal variables, APIs, and ev-
erything else are user accessible and documented from the beginning. Even
without any explicit development documentation (which naturally has to be
written at some point), one can always go to the source code to see how
something works. It is the goal of the developers to build a basic engine
to which scenery designers, panel engineers, maybe adventure or ATC rou-
tine writers, sound artists, and others can build upon. It is our hope that the
project, including the developers and end users, will benefit from the creativ-
ity and ideas of the hundreds of talented “simmers” around the world.

Without doubt, the success of the Linux project, initiated by Linus Torvalds,
inspired several of the developers. Not only has Linux shown that distributed de-
velopment of highly sophisticated software projects over the Internet is possible,
it has also proven that such an effort can surpass the level of quality of competing
commercial products.


http://www.gnu.org/copyleft/gpl.html
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Fibk: ¥ wn Ervirenvent SabopileE Help

Fig. 1: FlightGear under UNIX: Bad approach to San Francisco International - by
one of the authors of this manual. . .

1.2 System Requirements

In comparison to other recent flight simulators, the system requirements for Flight-
Gear are not extravagant. A medium speed AMD Athlon64 or Intel P4, even a
decent AMD Athlon/K7 or an Intel PIII should be sufficient to handle FlightGear
pretty well, given you have a proper 3D graphics card.

One important prerequisite for running FlightGear is a graphics card whose
driver supports OpenGL. If you don’t know what OpenGL is, the overview given
at the OpenGL website

http://www.opengl.org

says it best: “Since its introduction in 1992, OpenGL has become the industry’s
most widely used and supported 2-D and 3D graphics application programming
interface (API)...”.

FlightGear does not run (and will never run) on a graphics board which only
supports Direct3D. Contrary to OpenGL, Direct3D is a proprietary interface, being
restricted to the Windows operating system.

You may be able to run FlightGear on a computer that features a 3D video card
not supporting hardware accelerated OpenGL — and even on systems without 3D
graphics hardware at all. However, the absence of hardware accelerated OpenGL
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support can bring even the fastest machine to its knees. The typical signal for
missing hardware acceleration are frame rates below 1 frame per second.

Any modern 3D graphics featuring OpenGL support will do. For Windows
video card drivers that support OpenGL, visit the home page of your video card
manufacturer. You should note that sometimes OpenGL drivers are provided by
the manufacturers of the graphics chip instead of by the makers of the board. If you
are going to buy a graphics card for running FlightGear, one based on a AMD/ATI
Radeon or NVIDIA GeForce with an absolute minimum of 64 MByte, better 128
Mbyte might be a good choice.

To install the executable and basic scenery, you will need around 500 MB of
free disk space. In case you want/have to compile the program yourself you will
need about another 500 MB for the source code and for temporary files created dur-
ing compilation. This does not include the development environment, which will
vary in size depending on the operating system and environment being used. Win-
dows users can expect to need approximately 300 MB of additional disk space for
the development environment. Linux and other UNIX machines should have most
of the development tools already installed, so there is likely to be little additional
space needed on those platforms.

For the sound effects, any capable sound card should suffice. Due to its flexible
design, FlightGear supports a wide range of joysticks and yokes as well as rudder
pedals under Linux and Windows. FlightGear can also provide interfaces to full-
motion flight chairs.

FlightGear is being developed primarily under Linux, a free UNIX clone (to-
gether with lots of GNU utilities) developed cooperatively over the Internet in
much the same spirit as FlightGear itself. FlightGear also runs and is partly de-
veloped under several flavors of Windows. Building FlightGear is also possible on
a Macintosh OSX and several different UNIX/X11 workstations. Given you have
a proper compiler installed, FlightGear can be built under all of these platforms.
The primary compiler for all platforms is the free GNU C++ compiler (the Cygnus
Cygwin compiler under Win32).

If you want to run FlightGear under Mac OSX we suggest a Power PC G3 300
MHz or better. As a graphics card we would suggest an ATI Rage 128 based card
as a minimum. Joysticks are supported under Mac OS 9.x only; there is no joystick
support under Max OSX at this time.

1.3 Choosing A Version

Previously the FlightGear source code existed in two branches, a stable branch and
a developmental branch. Even version numbers like 0.6, 0.8, and (someday hope-
fully) 1.0 refer to stable releases, while odd numbers like 0.7, 0.9, and so on refer
to developmental releases. This policy has been obsoleted by practical reasons -
mostly because stable releases got out-ouf-date and behind in features very fast and
the so called development releases had been proven to be of comparable stability.
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You are invited to fetch the “latest official release” which the pre-compiled
binaries are based on. It is available from

http://www.flightgear.org/Downloads/

If you really want to get the very latest and greatest (and, at times, buggiest)
code, you can use a tool called anonymous cvs to get the recent code. A detailed
description of how to set this up for FlightGear can be found at

http://www.flightgear.org/cvs.html.

Given that the recent developmental versions on the other hands may contain bugs

(...undocumented features), we recommend using the “latest official (unstable)

release” for the average user. This is the latest version named at
http://www.flightgear.org/News/.

1.4 Flight Dynamics Models

Historically, FlightGear has been based on a flight model it inherited (together
with the Navion airplane) from LaRCsim. As this had several limitations (most im-
portantly, many characteristics were hard wired in contrast to using configuration
files), there were several attempts to develop or include alternative flightmodels.
As aresult, FlightGear supports several different flight models, to be chosen from
at runtime.

The most important one is the JSB flight model developed by Jon Berndt. Ac-
tually, the JSB flight model is part of a stand-alone project called JSBSim, having
its home at

http://jsbsim.sourceforge.net/.

Concerning airplanes, the JSB flight model at present provides support for a Cessna
172, a Cessna 182, a Cessna 310, and for an experimental plane called X15. Jon
and his group are gearing towards a very accurate flight model, and the JSB model
has become FlightGear’s default flight model.

As an interesting alternative, Christian Mayer developed a flight model of a hot
air balloon. Moreover, Curt Olson integrated a special “UFO” slew mode, which
helps you to quickly fly from point A to point B.

Recently, Andrew Ross contributed another flight model called YASim for Yet
Another Simulator. At present, it sports another Cessna 172, a Turbo 310, a fairly
good DC-3 model, along with a Boeing 747, Harrier, and A4. YASim takes a
fundamentally different approach since it’s based on geometry information rather
than aerodynamic coefficients. Where JSBSim will be exact for every situation that
is known and flight tested, but may have odd and/or unrealistic behavior outside
normal flight, YASim will be sensible and consistent in almost every flight situation,
but is likely to differ in performance numbers.

As a further alternative, there is the UIUC flight model, developed by a team
at the University of Illinois at Urbana-Champaign. This work was initially geared


http://www.flightgear.org/Downloads/
http://www.flightgear.org/cvs.html
http://www.flightgear.org/News/
http://jsbsim.sourceforge.net/
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toward modeling aircraft in icing conditions together with a smart icing system to
better enable pilots to fly safely in an icing encounter. While this research con-
tinues, the project has expanded to include modeling “nonlinear” aerodynamics,
which result in more realism in extreme attitudes, such as stall and high angle of
attack flight. Two good examples that illustrate this capability are the Airwave
Xtreme 150 hang glider and the 1903 Wright Flyer. For the hang glider, throttle
can be used to fly to gliding altitude or Ctrl-U can be used to jump up in 1000-ft
increments. Try your hand at the unstable Wright Flyer and don’t stall the canard!
Considerable up elevator trim will be required for level flight. In general, the aero-
dynamics are probably very close to the original Wright Flyer as they are partly
based on experimental data taken on a replica tested recently at the NASA Ames
Research Center. Also included are two more models, a Beech 99 and Marchetti
S-211 jet trainer, which are older generation UIUC/FGFS models and based on
simpler “linear”” aerodynamics. More details of the UIUC flight model and a list of
aircraft soon to be upgraded can be found on their website at

http://www.uiuc.edu/ph/www/m-selig/apasim.html

It is even possible to drive FlightGear’s scene display using an external FDM
running on a different computer or via named pipe on the local machine — although
this might not be a setup recommended to people just getting in touch with Flight-
Gear.

1.5 About This Guide

There is little, if any, material in this Guide that is presented here exclusively.
You could even say with Montaigne that we “merely gathered here a big bunch
of other men’s flowers, having furnished nothing of my own but the strip to hold
them together”. Most (but fortunately not all) of the information herein can also be
obtained from the FlightGear web site located at

http://www.flightgear.org/

Please, keep in mind that there are several mirrors of the FlightGear web sites,
all of which are linked to from the FlightGear homepage listed above. You may
prefer to download FlightGear from a mirror closer to you than from the main site.

The FlightGear Manual is intended to be a first step towards a complete Flight-
Gear documentation. The target audience is the end-user who is not interested
in the internal workings of OpenGL or in building his or her own scenery. It is
our hope that someday there will be an accompanying FlightGear Programmer’s
Guide (which could be based on some of the documentation found at

http://www.flightgear.org/Docs);

a FlightGear Scenery Design Guide, describing the Scenery tools now packaged
as TerraGear; and a FlightGear Flight School package.

As a supplement, we recommend reading the FlightGear FAQ to be found at


http://www.uiuc.edu/ph/www/m-selig/apasim.html
http://www.flightgear.org/
http://www.flightgear.org/Docs
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http://www.flightgear.org/Docs/FlightGear-FAQ.html

which has a lot of supplementary information that may not be included in this
manual.

We kindly ask you to help us refine this document by submitting correc-
tions, improvements, and suggestions. All users are invited to contribute de-
scriptions of alternative setups (graphics cards, operating systems etc.). We
will be more than happy to include those in future versions of The FlightGear
Manual (of course not without giving credit to the authors).

While we intend to continually update this document, we may not be able to
produce a new version for every single release of FlightGear. To do so would re-
quire more manpower than we have now, so please feel free to jump in and help out.
We hope to produce documentation that measures up to the quality of FlightGear
itself.


http://www.flightgear.org/Docs/FlightGear-FAQ.html

Chapter 2

Preflight: Installing FlightGear

To run FlightGear you need to install the binaries. Once you’ve done this you may
install additional scenery and aircraft if you wish.
Pre-compiled binaries for the latest release are available for

e Windows - any flavor,
e Macintosh OSX,
e Linux.

To download them go to
http://www.flightgear.org/Downloads/binary.shtml

and follow the instructions provided on the page.

2.1 Installing scenery

Detailed FlightGear scenery is available for the entire world, allowing you to fly
everywhere from the Himalaya mountains to rural Kansas. The FlightGear base
package contains scenery for a small area around San Francisco, so to fly elsewhere
you will need to download additional scenery.

Each piece of scenery is packaged into a compressed archive, or tarball, in a 10
degree by 10 degree chunk. Each tarball is named after the 10x10 degree chunk it
represents, for example w130n50.tgz.

You can download scenery from a clickable map here:

http://www.flightgear.org/Downloads/scenery.html

Alternatively, you can support the FlightGear project by purchasing a complete
set of scenery for the entire world from here:

http://www.flightgear.org/cdrom/

Once you have downloaded the tarball onto your computer, you need to find
the Scenery directory of your FlightGear installation.
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e For Windows, this directory is likely to be
c:\Program Files\FlightGear\data\Scenery.

e For Unices, it is usually

/usr/local/share/FlightGear/data/Scenery.

To install the scenery, uncompress the tarball into the Scenery directory.
Most operating system provide tools to uncompress tarballs. If you cannot uncom-
press the tarball, install an extractor program such as 7-zip (http://www.7-zip.org/.

Note that you should not decompress the numbered scenery files inside the
tarball like 958402.gz - this will be done by FlightGear on the fly.

Once you have uncompressed the tarball, the Terrain and Objects di-
recories will contain additional sub-directories with your new scenery inside.

To use the new scenery, simply select a starting airport within the new scenery.
If you are using the FlightGear Launcher, you will need to press the Refresh button
before you select your airport.

2.1.1 MS Windows Vista

If you are using Windows Vista, you may find that Windows installs downloaded

scenery (and aircraft) to your Virtual Store:

c:\Users\ (Your Name)\AppData\Local\VirtualStore\Program Files\FlightGear\Scenery
If it does this, you need to copy the Terrain and Ob ject s directories man-

ually to your real FlightGear Scenery directory as described above.

2.1.2 FG_SCENERY

If you would prefer to keep your downloaded scenery separate from the core in-
stallation, you can do so by setting your FG_SCENERY environmental variable.
This is where FlightGear looks for Scenery files. It consists of a list of direc-
tories that will be searched in order. The directories are separated by “:” on Unix
and “;” on Windows.
For example, a FG_SCENERY environmental variable set to
/home/ joebloggs/WorldScenery:/usr/local/share/Flightgear/data/Scenery
searches for Scenery in /home/ joebloggs/WorldScenery first, followed
by /usr/local/share/Flightgear/data/Scenery.

2.1.3 Fetch Scenery as you fly

FlightGear comes with a tool TerraSync which allows to fetch the Scenery as you
fly, if you have a permanent Internet connection at your disposal. Create an empty
working’ directory for TerraSync, writable to the user and point FlightGear at
this directory using the FG_SCENERY variable (as explained above). Do not let
TerraSync download Scenery into your pre-installed Scenery directory.


http://www.7-zip.org/
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TerraSync expects you to feed FlightGear’s current position via the *Atlas’ pro-
tocol, so call FlightGear with the:

—atlas=socket,out,1,localhost, 5505, udp

command line parameter and tell TerraSync about the port number you’re using
as well as the respective directory:

terrasync -p 5505 -S -d /usr/local/share/TerraSync

There is a chicken/egg problem when you first start up in a brand new area.
FlightGear is expecting the Scenery to be there now but it may not have been
fetched yet. Therefore it’s suggested to exit FlightGear after TerraSync has caught
up and finally to restart FlightGear.

Note that TerraSync (when called with the "—S" command line switch, as rec-
ommended) is going to download Scenery via the Subversion protocol over HTTP.
Thus, is your Internet access is set up to use a HTTP proxy, plase make yourself
aware how to configure the "libsvn" Subversion client for use of a proxy.

Benefit: TerraSync will always fetch the latest and greatest Scenery from the
FlightGear World (Custom) Scenery Project and therefore allows feeding incre-
mental updates to the user independent from comprehensive World Scenery re-
leases.

2.1.4 Creating your own Scenery

If you are interested in generating your own Scenery, have a look at TerraGear -
the tools that generate the Scenery for FlightGear:

http://www.terragear.org/

The most actively maintained source tree of the TerraGear toolchain is co-
located at the FlightGear landuse data Mapserver:

http://mapserver.flightgear.org/git/gitweb.pl.

2.2 Installing aircraft

The base FlightGear package contains only a small subset of the aircraft that are
available for FlightGear. Developers have created a wide range of aircraft, from
WWII fighters like the Spitfire, to passenger planes like the Boeing 747.

You can download aircraft from

http://www.flightgear.org/Downloads/aircraft/index.shtml

Simply download the file and uncompress it into the data/Aircraft subdi-
rectory of your installation. The aircraft are downloaded as .tar. gz files. Some
computers will download them as .tar.gz.zip files. If so, simply rename the
file to . tar. gz before uncompressing them. If you are successful, there will be a
new sub-directory in your FG_ROOT/data/Aircraft directory containing the
aircraft. Next time you run FlightGear, the new aircraft will be available.


http://www.terragear.org/
http://mapserver.flightgear.org/git/gitweb.pl
http://www.flightgear.org/Downloads/aircraft/index.shtml
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2.3 Installing documentation

Most of the packages named above include the complete FlightGear documenta-
tion including a PDF version of The FlightGear Manual intended for pretty printing
using Adobe’s Acrobat Reader, available from

http://www.adobe.com/products/acrobat/

Moreover, if properly installed, the html version can be accessed via FlightGear’s
help menu entry.

Besides, the source code contains a directory docs-mini containing numer-
ous ideas on and solutions to special problems. This is also a good place for further
reading.


http://www.adobe.com/products/acrobat/

Part 11

Flying with FlightGear
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Chapter 3

Takeoff: How to start the
program

3.1 Environmental Variables

There are two environmental variables that must be defined to run FlightGear.
These tell FlightGear where to find its data and scenery.

You can set them in a number of ways depending on your platform and require-
ments.

3.1.1 FG_ROOT

This is where FlightGear will find data files such as aircraft, navigational beacon
locations, airport frequencies. This is the data subdirectory of where you installed
FlightGear. e.g. /usr/local/share/FlightGear/dataorc:\Program
Files\FlightGear\data.

3.1.2 FG_SCENERY

This is where FlightGear will look for scenery files. It consists of a list of direc-

tories that will be searched in order. The directories are separated by “:” on Unix
and “;” on Windows. e.g.
/home/joebloggs/WorldScenery:/usr/local/share/FlightGear/data/Scenery
or

c:\Program Files\FlightGear\data\Scenery;c:\Program Files\FlightGear\data\WorldScenery.
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3.2 Launching the simulator under Unix/Linux

'._ FlightGaar EEE

Fig. 3: Ready for takeoff: Waiting at the default startup position at San Francisco
Itl., KSFO.

Before you can run FlightGear, you need to set a couple of environmental
variables:

e Youmustadd /usr/local/share/FlightGear/libtoyour LD_LIBRARY_PATH

e FG_ROOT must be set to the data directory of your FlightGear installation.
e.g. /usr/local/share/FlightGear/data.

e FG_SCENERY should be a list of scenery directories, separated by ”:”. This
works like PATH when searching for scenery.

e.g. SFG_ROOT/Scenery:$SFG_ROOT/WorldScenery.

To add these in the Bourne shell (and compatibles):

LD_LIBRARY_PATH=/usr/local/share/FlightGear/lib:S$LD_LIBRARY_PATH
export LD_LIBRARY_PATH

FG_HOME=/usr/local/share/FlightGear

export FG_HOME

FG_ROOT=/usr/local/share/FlightGear/data
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export FG_ROOT
FG_SCENERY=$FG_ROOT/Scenery:S$FG_ROOT/WorldScenery
export FG_SCENERY

or in C shell (and compatibles):

setenv LD_LIBRARY_PATH=\
/usr/local/share/FlightGear/1lib:S$SLD_LIBRARY_PATH

setenv FG_HOME=/usr/local/share/FlightGear

setenv FG_ROOT=/usr/local/share/FlightGear/data

setenv FG_SCENERY=\
SFG_HOME/Scenery:S$SFG_ROOT/Scenery:S$SFG_ROOT/WorldScenery

Once you have these environmental variables set up, simply start FlightGear by
running fgfs —--optionl —--option2.... Command-line options are de-

scribed in Chapter 3.5.

3.3 Launching the simulator under Windows

The pre-built windows binaries come complete with a graphical wizard to start
FlightGear. Simply double-click on the F1ightGear Launcher Start Menu
item, or the icon on the Desktop. The launcher allows you to select:

your aircraft

the start airport and runway

time of day

e current weather conditions

e ... and a whole lot of other environmental settings
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Fig.4: The FlightGear Launcher

The first time your run it, you will be asked to set your FG_ROOT variable (nor-
mally c:\Program Files\FlightGear\data)and FG_SCENERY. Thisshould
be alist of the directories where you have installed scenery, typically ¢ : \Program
Files\FlightGear\data\Scenery.

If you set invalid values or change your scenery directories later, you can
change the settings by pressing the ”Prev” button from the first page of the launcher.

3.3.1 Launching from the command line

Alternatively, you can run FlightGear from the command line. To do this, you need
to set up the FG_ROOT and FG_SCENERY environmental variables manually.

Open a command shell, change to the directory where your binary resides (typ-
ically something like c:\Program Files\FlightGear\Win32\bin), set
the environment variables by typing

SET FG_HOME="c:\Program Files\FlightGear"
SET FG_ROOT="c:\Program Files\FlightGear\data"
SET FG_SCENERY="c:\Program Files\FlightGear\data\Scenery"

and invoke FlightGear (within the same Command shell, as environment settings
are only valid locally within the same shell) via

fgfs —--optionl —--option2...
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Of course, you can create a batch file with a Windows text editor (like notepad)
using the lines above.

For getting maximum performance it is recommended to minimize (iconize)
the text output window while running FlightGear.

3.4 Launching the simulator under Mac OS X

Say you downloaded the base package and binary to your home directory. Then
you would open Terminal.app and execute the following sequence of com-
mands:

setenv FG_ROOT ~/fgfs-base-X.X.X
./fgfs-X.X.X.-date --optionl --option 2

or

./fgfs—-X.X.X-version-date —--fg-root=\~/fgfs-base-X.X.X —--optionl

3.5 Command line parameters

Following is a complete list and short description of the numerous command line
options available for FlightGear. Most of these options are exposed through the
FlightGear launcher delivered with the Windows binaries.

If you have options you re-use continually, you can include them in a prefer-
ences file. As it depends on your preferences, it is not delivered with FlightGear,
but can be created with any text editor (notepad, emacs, vi, if you like).

e On Unix systems, create a . fgfsrc file in your home directory.
e On Windows, create a system. fgfsrc, in the FG_ROOT directory (e.g.
c:\Program Files\FlightGear\data).
3.5.1 General Options

e ——help

Shows the most relevant command line options only.

e ——help —verbose

Shows all command line options.

e ——fg-root=path

Tells FlightGear where to look for its root data files if you didn’t compile it
with the default settings.
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—-—-fg-scenery=path

Allows specification of a path to the base scenery path , in case scenery
is not at the default position under $SFG_ROOT/Scenery; this might be
especially useful in case you have scenery on a CD-ROM.
—-—disable—game-mode

Disables full screen display.

——enable—-game-mode

Enables full screen display.

—-—disable-splash-screen

Turns off the rotating 3DFX logo when the accelerator board gets initialized
(3DFX only).

——enable-splash—-screen

If you like advertising, set this!

—-—disable-intro-music

No audio sample will be played when FlightGear starts up. Suggested in
case of trouble with playing the intro.

——enable-intro-music

If your machine is powerful enough, enjoy this setting.

——disable-mouse—-pointer

Disables extra mouse pointer.

——enable-mouse-pointer

Enables extra mouse pointer. Useful in full screen mode for old Voodoo
based cards.

——enable-random-objects

Include random scenery objects (buildings/trees). This is the default.

——disable-random-objects

Exclude random scenery objects (buildings/trees).

—-—disable—-freeze

This will put you into FlightGear with the engine running, ready for Take-
Off.

—-—enable-freeze

Starts FlightGear in frozen state.
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e ——disable—-fuel-freeze

Fuel is consumed normally.

e ——ecnable-fuel-freeze

Fuel tank quantity is forced to remain constant.

e ——disable—-clock-freeze

Time of day advances normally.

e ——cnable-clock—-freeze

Do not advance time of day.

e ——control-mode
Specify your control device (joystick, keyboard, mouse) Defaults to joystick
(yoke).

e ——disable-auto-coordination

Switches auto-co-ordination between aileron/rudder off (default).

e ——enable-auto-coordination
Switches auto-co-ordination between aileron/rudder on (recommended with-
out pedals).

e ——browser—app=/path/to/app

specify location of your web browser. Example: ——browser—-app=
”"C:\Program Files\Internet Explorer\iexplore.exe” (Note
the ” ” because of the spaces!).

e ——prop:name=value

set property name to value

Example: ——prop:/engines/enginel/running=true for starting
with running engines. Another example:

—-—aircraft=cl72
——prop:/consumables/fuels/tank[0]/level-gal=10
——prop:/consumables/fuels/tank[1]/level-gal=10

fills the Cessna for a short flight.

e ——config=path

Load additional properties from the given path. Example:
fgfs —--config=./Aircraft/X15-set.xml

e ——units-feet

Use feet as the unit of measurement.

e ——units-meters Use meters as the unit of measurement.
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3.5.2 Features
e ——disable-hud: Switches off the HUD (Head Up Display).

e ——ecnable—hud: Turns the HUD on.

e ——enable-anti-aliased-hud: Turns on anti-aliased HUD lines for
better quality, if hardware supports this.

e ——disable-anti-aliased-hud: Turns off anti-aliased HUD lines.
e ——enable-panel: Turns the instrument panel on (default).

e ——disable-panel: Turns the instrument panel off.

e ——disable-sound: Self-explanatory.

——enable-sound: As above.

3.5.3 Aircraft

e ——aircraft=name of aircraft definition file Example: ——aircraft=c310.
For available choices check the directory /F1ightGear/Aircraft, and
look for files ending in ”—set .xm1”. When specifying the aircraft, drop
the ”—set . xm1” from the filename. Alternatively, use the -——show-aircraft
option described below. To download additional aircraft see Section 2.2.

e ——show-aircraft: Print a sorted list of the currently available aircraft
types.

3.5.4 Flight model

e ——fdm=abcd Select the core flight model. Options are jsb, larcsim,
yasim, magic, balloon, external, pipe, ada, null. De-
fault value is jsb (JSBSim). LaRCSim is the flight model which FlightGear
inherited from the LaRCSim simulator. YASIM is Andy Ross’ Yet Another
Flight Dynamics Simulator. Magic is a slew mode (which drives the UFO
aircraft). Balloon is a hot air balloon. External refers to remote control of
the simulator via TCP socket, pipe is for local control via named pipe. Null
selects no flight dynamics model at all. The UIUC flight model is not chosen
this way but via the next option! For further information on flight models cf.
Section 1.4 and below.

e ——aero=abcd Specifies the aircraft model to load. Default is a Cessna
c172. Alternatives available depend on the flight model chosen.

e ——model-hz=n Run the Flight Dynamics Model with this rate (iterations
per second).
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3.5.5

——speed=n Run the Flight Dynamics Model this much faster than real
time.

—-—notrim Do NOT attempt to trim the model when initializing JSBSim.
——on—ground: Start up at ground level (default).

——in-air: Start up in the air. Naturally, you have to specify an initial
altitude as below for this to make sense. This is a must for the X15.

—-wind=DIR@SPEED: Specify wind coming from the direction DIR (in
degrees) at speed SPEED (knots). Values may be specified as a range by
using a clon separator; e.g. 180:220@10:15

—-—random-wind: Adds random wind to make flying more challenging

Initial Position and Orientation

——airport-id=ABCD: If you want to start directly at an airport, enter its
international code, i.e. KJFK for JFK airport in New York etc. A long/short
list of the IDs of the airports being implemented can be found in /F1ight
Gear/Airports. You only have to unpack one of the files with gunzip.
Bear in mind, however, that you will need the terrain data for the relevant
region!!

-—offset-distance=nm: Here you can specify the distance to thresh-
old in nm.

-—offset-azimuth=deg: Here you can specify the heading to threshold
in degrees.

——lon=degrees: This is the startup longitude in degrees (west = -).
——lat=degrees: This is the startup latitude in degrees (south = -).

——altitude=feet: This is useful if you want to start in free flight in
connection with ——in-air. Altitude specified in feet unless you choose
——units-meters.

——heading=degrees: Sets the initial heading (yaw angle) in degrees.
—-—roll=degrees: Sets the startup roll angle (roll angle) in degrees.
——pitch=degrees: Sets the startup pitch angle (pitch angle) in degrees.

——uBody=feet per second: Speed along the body X axis in feet per second,
unless you choose ——units-meters.

——vBody=feet per second: Speed along the body Y axis in feet per second,
unless you choose ——units-meters.
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——wBody=feet per second: Speed along the body Z axis in feet per second,
unless you choose ——units-meters.

——vc=knots: Allows specifying the initial airspeed in knots (only in con-
nection with ——fdm=7jsb).

—-mach=num: Allows specifying the initial airspeed as Mach number (only
in connection with ——fdm=jsb).

-—glideslope=degrees: Allows specifying the flight path angle (can be
positive).

——roc=fpm: Allows specifying the initial climb rate (can be negative).

3.5.6 Rendering Options

——bpp=depth: Specify the bits per pixel.

——fog-disable: To cut down the rendering efforts, distant regions van-
ish in fog by default. If you disable fog you’ll see farther, but your frame
rates will drop.

——-fog-fastest: The scenery will not look very nice but frame rate will
increase.

——fog-nicest: This option will give you a fairly realistic view of flying
on a hazy day.

-—enable-clouds: Enable cloud layer (default).
-—disable-clouds: Disable cloud layer.

——fov=degrees: Sets the field of view in degrees. Default is 55.0.
——disable-fullscreen: Disable full screen mode (default).
——enable-fullscreen: Enable full screen mode.

—-—shading-flat: This is the fastest mode but the terrain will look ugly!
This option might help if your video processor is really slow.

-—shading-smooth: This is the recommended (and default) setting -
things will look really nice.

-—disable-skyblend: No fogging or haze, sky will be displayed using
just one color. Fast but ugly!

—-—enable-skyblend: Fogging/haze is enabled, sky and terrain look re-
alistic. This is the default and recommended setting.
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-—disable-textures: Terrain details will be disabled. Looks ugly, but
might help if your video board is slow.

——enable-textures: Default and recommended.

—-—enable-wireframe: If you want to know what the world of Flight-
Gear looks like internally, try this!

——disable-wireframe: No wireframe. Default.

——geometry=WWWxHHH: Defines the size of the window used, i.e. WWWxHHH
canbe 640x480, 800x600,0r 1024x768.

—-—view-offset=xxx: Allows setting the default forward view direction
as an offset from straight ahead. Possible values are LEFT, RIGHT, CENTER,
or a specific number of degrees. Useful for multi-window display.

——visibility=meters: You can specify the initial visibility in meters
here.

——visibility-miles=miles: You can specify the initial visibility in
miles here.

3.5.7 HUD Options

-—hud-tris: HUD displays the number of triangles rendered.

—-—hud-culled: HUD displays percentage of triangles culled.

3.5.8 Time Options

——time-match-real

Synchronize time with real-world time

——time-match-local

Synchronize time with local real-world time
—-—start-date-sys=yyyy:mm:dd:hh:mm:ss:
Specify a starting date/time with respect to system time

—-—-start-date-gmt=yyyy:mm:dd:hh:mm:ss

Specify a starting date/time with respect to Greenwich Mean Time

—-—start-date-lat=yyyy:mm:dd:hh:mm:ss

Specify a starting date/time with respect to Local Aircraft Time
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--time-match-real, basically gives our initial behavior: Simulator time is read
from the system clock, and is used as is. When your virtual flight is in the same
timezone as where your computer is located, this may be desirable, because the
clocks are synchronized. However, when you fly in a different part of the world,
it may not be the case, because there is a number hours difference, between the
position of your computer and the position of your virtual flight.

The option --time-match-local takes care of this by computing the timezone
difference between your real world time zone and the position of your virtual flight,
and local clocks are synchronized.

The next three options are meant to specify the exact startup time/date. The
three functions differ in that they take either your computer system’s local time,
Greenwich Mean Time, or the local time of your virtual flight as the reference
point.

Each of these five options were designed to be used exclusively. However,
the value set by these functions could be modified using the ~time-offset
function. The latter would add a specified amount of time to the value already set
by the other functions.

3.5.9 Network Options

e ——httpd=port
Enable http server on the specified port.

e ——telnet=port

Enable telnet server on the specified port.

e ——jpg-httpd=port

Enable screen shot http server on the specified port.

e ——ecnable—-network-olk

Enables Oliver Delises’s multi-pilot mode.

e ——disable—network-olk

Disables Oliver Delises’s multi-pilot mode (default).

e ——net-hud
HUD displays network info.

e ——net—id=name Specify your own callsign

3.5.10 Route/Waypoint Options

o ——wp=ID[@alt]

Allows specifying a waypoint for the GC autopilot; it is possible to specify
multiple waypoints (i.ea route) via multiple instances of this command.
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——flight-plan=[file]

41

This is more comfortable if you have several waypoints. You can specify a

file to read them from.

NB: These options are rather geared to the advanced user who knows what he
is doing.

3.5.11 10 Options

——garmin=params

Open connection using the Garmin GPS protocol.

—-—joyclient=params

Open connection to an Agwagon joystick.

—-—native-ctrls=params

Open connection using the FG native Controls protocol.

——native-fdm=params

Open connection using the FG Native FDM protocol.

——native=params

Open connection using the FG Native protocol.

——nmea=params

Open connection using the NMEA protocol.

——opengc=params

Open connection using the OpenGC protocol.

——props=params

Open connection using the interactive property manager.

——pve=params

Open connection using the PVE protocol.

——ray=params

Open connection using the RayWoodworth motion chair protocol.

——rul=params

Open connection using the RUL protocol.

——atc6l10x

Enable atc610x interface.
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3.5.12 Debugging options

e ——trace—-read=params

Trace the reads for a property; multiple instances are allowed.

e ——trace-write=params

Trace the writes for a property; multiple instances are allowed.

3.6 Joystick support

Could you imagine a pilot in his or her Cessna controlling the machine with a key-
board alone? For getting the proper feeling of flight you will need a joystick/yoke
plus rudder pedals, right? However, the combination of numerous types of joy-
sticks, flightsticks, yokes, pedals etc. on the market with the several target operat-
ing systems, makes joystick support a non-trivial task in FlightGear.

FlightGear has integrated joystick support, which automatically detects any
joystick, yoke, or pedals attached. Just try it! If this does work for you, lean
back and be happy! You can see what FlightGear has detected your joystick as by
selecting Help -> Joystick Information from the menu.

Unfortunately, given the several combinations of operating systems supported
by FlightGear (possibly in foreign languages) and joysticks available, chances are
your joystick does not work out of the box. Basically, there are two alternative
approaches to get it going, with the first one being preferred.

3.6.1 Built-in joystick support
General remarks

In order for joystick auto-detection to work, a joystick bindings xml file must exist
for each joystick. This file describes what axes and buttons are to be used to control
which functions in FlightGear. The associations between functions and axes or
buttons are called “bindings”. This bindings file can have any name as long as a
corresponding entry exists in the joysticks description file

/FlightGear/joysticks.xml

which tells FlightGear where to look for all the bindings files. We will look at
examples later.

FlightGear includes several such bindings files for several joystick manufac-
turers in folders named for each manufacturer. For example, if you have a CH
Products joystick, look in the folder

/FlightGear/Input/Joysticks/CH

for a file that might work for your joystick. If such a file exists and your joystick
is working with other applications, then it should work with FlightGear the first
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time you run it. If such a file does not exist, then we will discuss in a later section
how to create such a file by cutting and pasting bindings from the examples that
are included with FlightGear.

Verifying your joystick is working

Does your computer see your joystick? One way to answer this question under
Linux is to reboot your system and immediately enter on the command line

dmesg | grep Joystick

which pipes the boot message to grep which then prints every line in the boot mes-
sage that contains the string “Joystick”. When you do this with a Saitek joystick
attached, you will see a line similar to this one:

inputO: USB HID v1.00 Joystick [SAITEK CYBORG 3D USB] on
usb2:3.0

This line tells us that a joystick has identified itself as SAITEK CYBORG 3D USB
to the operating system. It does not tell us that the joystick driver sees your joystick.
If you are working under Windows, the method above does not work, but you can
still go on with the next paragraph.

Confirming that the driver recognizes your joystick

FlightGear ships with a utility called js demo. It will report the number of joysticks
attached to a system, their respective “names”, and their capabilities. Under Linux,
you can run js_demo from the folder /F1ightGear/bin as follows:

$ cd /usr/local/FlightGear/bin
$ /js_demo

Under Windows, open a command shell (Start| All Programs| Accessories), go to
the FlightGear binary folder and start the program as follows (given FlightGear is
installed under c: \Flightgear)

cd \FlightGear\bin
js_demo.exe

On our system, the first few lines of output are (stop the program with ~ C if it
is quickly scrolling past your window!) as follows:

Joystick test program.

Joystick 0: “CH PRODUCTS CH FLIGHT SIM YOKE USB ”
Joystick 1: “CH PRODUCTS CH PRO PEDALS USB”
Joystick 2 not detected

Joystick 3 not detected

Joystick 4 not detected

Joystick 5 not detected
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Joystick 6 not detected
Joystick 7 not detected

+ Js.0 + Js. 1

| Btns Ax:0 Ax:1 Ax:2 Ax:3 Ax:4 Ax:5 Ax:6 | Btns Ax:0 Ax:1 Ax:2 |

+— _ n —— ——

| 0000 +0.0 40.0 +1.0 -1.0 -1.0 +0.0 +0.0 . | 0000 -1.0 -1.0 -1.0

First note that js demo reports which number is assigned to each joystick recog-
nized by the driver. Also, note that the “name” each joystick reports is also in-
cluded between quotes. We will need the names for each bindings file when we
begin writing the binding xml files for each joystick.

Identifying the numbering of axes and buttons

Axis and button numbers can be identified using js.demo as follows. By observing
the output of js.demo while working your joystick axes and buttons you can deter-
mine what axis and button numbers are assigned to each joystick axis and button.
It should be noted that numbering generally starts with zero.

The buttons are handled internally as a binary number in which bit O (the least
significant bit) represents button 0, bit 1 represents button 1, etc., but this number
is displayed on the screen in hexadecimal notation, so:

0001 = button O pressed
0002 = button 1 pressed
0004 = button 2 pressed
0008 =- button 3 pressed
0010 = button 4 pressed
0020 = button 5 pressed
0040 = button 6 pressed
... etcup to ...

8000 = button 15 pressed
... and ...

0014 => buttons 2 and 4 pressed simultaneously
.. etc.

For Linux users, there is another option for identifying the “name” and the
numbers assigned to each axis and button. Most Linux distributions include a very
handy program, “jstest”. With a CH Product Yoke plugged into the system, the
following output lines are displayed by jstest:

jstest /dev/js3

Joystick (CH PRODUCTS CH FLIGHT SIM YOKE USB ) has 7 axes and 12 buttons. Driver version is 2.1.0
Testing... (interrupt to exit)

Axes: 0: 0 1: 02: 0 3: 0 4: 0 5: 0 6: 0 Buttons: O0:0ff l:o0ff 2:0ff 3:on 4:0ff 5:0ff 6:0ff 7:0ff

8:0ff 9:0ff 10:0ff 1l:o0ff
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Note the “name” between parentheses. This is the name the system associates with
your joystick.

When you move any control, the numbers change after the axis number corre-
sponding to that moving control and when you depress any button, the “off™ after
the button number corresponding to the button pressed changes to “on”. In this
way, you can quickly write down the axes numbers and button numbers for each
function without messing with binary.

Writing or editing joystick binding xml files

At this point, you have confirmed that the operating system and the joystick driver
both recognize your joystick(s). You also know of several ways to identify the
joystick “name” your joystick reports to the driver and operating system. You will
need a written list of what control functions you wish to have assigned to which
axis and button and the corresponding numbers.

Make the following table from what you learned from js_.demo or jstest above
(pencil and paper is fine). Here we assume there are 5 axes including 2 axes asso-
ciated with the hat.

Axis Button
elevator = 0 view cycle =0
rudder = 1 all brakes =1
aileron =2 up trim = 2
throttle = 3 down trim = 3

leftright hat =4 | extend flaps =4
foreaft hat = 5 retract flaps = 5
decrease RPM =6
increase RPM =7

We will assume that our hypothetical joystick supplies the “name” QUICK
STICK 3D USB to the system and driver. With all the examples included with
FlightGear, the easiest way to get a so far unsupported joystick to be auto detected,
is to edit an existing binding xml file. Look at the xml files in the sub-folders
of /FlightGear/Input/Joysticks/. After evaluating several of the xml
binding files supplied with FlightGear, we decide to edit the file
/FlightGear/Input/Joysticks/Saitek/Cyborg-Gold-3d-USB.xml.
This file has all the axes functions above assigned to axes and all the button func-
tions above assigned to buttons. This makes our editing almost trivial.

Before we begin to edit, we need to choose a name for our bindings xml file,
create the folder for the QS joysticks, and copy the original xml file into this direc-
tory with this name.

$ cd /usr/local/FlightGear/Input/Joysticks
S mkdir QS
$ cd QS
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$ cp /usr/local/FlightGear/Input/Joysticks