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Chapter 1

Want to have a fr eeflight? Take
FlightGear !

1.1 Yet another Flight Simulator?

Did you ever wantto fly a planeyourself,but lackedthemoney or skills to do so?
Do youbelongto thoserealpilots,whowantto improvetheirskills withouthaving
to takeoff? Do you want to try somedangerousmaneuverswithout risking your
life? Or do you just want to have fun with a moreseriousgamenot killing any
people?If any of thesequestionsapplies,PCflight simulatorsarejust for you.

If youarereadingthisyoumighthavegotalreadysomeexperienceeitherusing
Microsoft’s c

�
FS98,Looking Glass’ c

�
Flight Unlimited II or any otherof the

commerciallyavailablePC flight simulators.As the price tag of thoseis usually
within the50$rangebuyingoneof themshouldnotbeaseriousproblemgiventhe
fact, that runningany seriousPC flight simulatorrequiresa hardwarewithin the
1500$range,despitedroppingprices,at least.

Why thenthateffort of spendinghundredsor thousandsof hoursof program-
ming to build a freesimulator?Obviously theremustbegoodreasonto do so:

� All of the commercialprogramshave a seriousdrawback: They aremade
by a small groupof developersdefiningtheir properties- often quite inert
andnot listeningtoo muchto the customer. Anyoneever trying to contact
Microsoftwill immediatelyagree.

� CommercialPC flight simulatorsusuallytry to cover a marketsegmentas
broadaspossible.For obviousreason,mostof themwantto servetheserious
pilot aswell asthebeginnerandthegamer. Theresultarecompromises.As
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1.1 YET ANOTHERFLIGHT SIMULATOR? 5

FlightGear is free, thereis no needfor suchcompromises;it just can be
giventhepropertiesits userswant. It definesitself via building.

� Building a flight simulatoris a challengeto the art of programming.Con-
tributing to thatprojectmakesyou belongto thosebeingableto contribute
to serious,ambitiousandadvancedsoftwareprojects.

� It is fun. Not only is it fun to write the code(. . .or documentation.. . ) but
alsoto belongto that– temporarilychanging– club of clever peopleon the
nethaving discussed,struggledandfinally succeededin creatingthatproject.
EvenreadingtheFlightGearmailing lists is informativeandfun for itself.

The above-mentionedpointsmakeFlightGear different from its competitors
in several respect.FlightGear aimsto be a civilian, multi-platform, open,user-
supported,user-extensiblesimulator.

� Civilian: The project is primarily aimedto civilian flight simulation. It
shouldbeappropriatefor simulatinggeneralaviation aswell ascivilian air-
craft. However, accordingto theopenconceptof developmentthatsuredoes
notexcludesomeonetakingthecodeandintegratingmilitary components.

� Multi-platf orm: Thedevelopersareattemptingtokeepthecodeasplatform-
independentaspossible.This is basedon their observation that peoplein-
terestedin flight simulationsrun quite a variety of computerhardwareand
operatingsystems.Thepresentcodesupportsthefollowing OperatingSys-
tems:

– Linux (any platform),

– WindowsNT (i86 platform),

– Windows98(95),

– BSD UNIX,

– SGI IRIX,

– SunOS,

– MacIntosh(experimental).

Thereis no known flight simulator, neithercommerciallynor free,support-
ing sucha broadrangeof platforms.

� Open: Theprojectis not restrictedto a closedclub of developers.Anyone
who feelshe or shebeingableto contribute is highly welcome. The code
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(includingdocumentation)is copyrightedunderthetermsof theGnuPublic
License.

The Gnu Public Licenseis often misunderstood.In simple termsit states
thatyoucancopyandfreelydistributetheprogram(s)licensedto it. Youcan
modify them,if youlike. Youareevenallowedto chargeasmuchmoney for
thedistribution of themodifiedor original programasyou want. However,
youmustdistributeit completewith theentiresourcecodeandit mustretain
theoriginalcopyrights.In short:

”You candoanythingwith thesoftwareexceptmakingit non-free”.

Thefull text of theGnuPublicLicensecanbeobtainedfrom

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

� User-supported, user-extensible: Contraryto variouscommercialsimula-
tors available,sceneryandaircraft format, internalvariables,etc. areuser
accessibleanddocumentedfrom thebeginning.Evenwithoutanexplicit de-
velopmentaldocumentation,which surehasto bewrittenatsomepoint, this
is guaranteedby supplyingthesourcecode. It is thegoalof thedevelopers
to build a basicengineto which scenerydesigners,panelengineers,maybe
adventureor ATC routinewriters, soundcapturersandotherscan(andare
askedto) add. It is our hope,that theprojectwill finally gain from thecre-
ativenessandideasof thehundredsof talentedsimmersacrosstheworld.

Without doubt, the successof the Linux project initiated by Linus Torvalds
inspiredseveralof thedevelopers.Not only hasit shown thatdistributeddevelop-
mentof evenhighly sophisticatedsoftwareprojectsover theInternetis possible.It
ledto aproductwhich,in severalrespect,is betterthanits commercialcompetitors.

1.2 A short history of FlightGear

This projectgoesbackto a discussionof a groupof net-citizensin 1996resulting
in a proposalwritten by David Murr who, unfortunately, droppedout from the
project(aswell asthe net) later. The original proposalis still availablefrom the
FlightGearwebsiteandcanbefoundunder

http://www.flightgear.org/proposal-3.0.1
Althoughthenamesof thepeopleandseveralof thedetailsnaturallychanged

in time, thespirit of thatproposalwasclearly retainedup to thepresentstatusof
theproject.

Actual codingstartedin summer1996andby the endof that year essential
graphicsroutineswerecompleted.At thattime,programmingwasmainlydoneand
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coordinatedbyEricKorpelafromBerkeley University(korpela@ssl.Berkeley.EDU).
EarlycodewasrunningunderLinux aswell asunderDOS,OS/2,Windows95/NT,
andSun-OS.This wasquite an ambitiousproject,as it involved, amongothers,
writing all thegraphicsroutinesin asystem-independentway just from scratch.

Developmentsloweddown andfinally stoppedat thebeginningof 1997when
Eric hadto completehis thesis.At this point, theprojectseemedto be deadand
traffic on themailing list wentdown to nearlynothing.

It wasCurtOlsonfrom theUniversityof Minnesota(curt@flightgear.org) who
re-startedthe project in the middle of 1997. His ideawasassimpleassuccess-
ful: Why invent the wheel a secondtime? Therehave beenseveral free flight
simulatorsavailablerunningonworkstationsunderdifferentflavorsof UNIX. One
of these,LaRCsim,having beendevelopedby BruceJacksonfrom NASA (jack-
son@larc.nasa.gov) seemedto bewell-adaptedfor thepresentapproach.Curt took
this oneapartandre-wroteseveral of the routinesin a way making thembuild-
ableaswell asrun-ableon theintendedtargetplatforms.Thekey ideain doingso
wasselectinga system-independentgraphicsplatform,i. e. OpenGL,for thebasic
graphicsroutines.

Fig.1: TheNavionflight modelis oneof the featuresFlightGear inherited from
LaRCsim.Until nowit is theonly oneplanebeingfully realizedin FlightGear.

In addition,a clever decisionon the selectionof the basicscenerydatawas
alreadymadein this very first version. FlightGear Sceneryis createdbasedon
satellitedatapublishedby the U. S. GeologicalSurvey. Theseterrain dataare
availablefor thewholeworld over theInternetfor freefrom

http://edcwww.cr.usgs.gov/doc/edchome/ndcdb/ndcdb.html
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for theUS resp.
http://edcwww.cr.usgs.gov/landdaac/gtopo30/gtopo30.html

for othercountries.Thosefreelyaccessiblescenerydatain conjunctionwith scenery
building tools provided with FlightGear are an importantprerequisiteenabling
anyoneto createhisor herown scenery, at leastin principle.

Thisnew FlightGearcode- still largelybeingbasedonoriginalLaRCsimcode
- was releasedin July 1997. From that momentthe project gainedmomentum
again.Herearesomemilestonesfrom themorerecenthistoryof development:

� Sun,moonandstarsareafield wherePCflight simulatorshavebeennotori-
ouslyweakfor ages.It is oneof thegreatachievementsof FlightGearthatit
includesaccuratesun(watch,Microsoft!), moon,andplanets,beingmore-
over placedon their properpositions. The correspondingastronomycode
wasimplementedin fall 1997byDurkTalsma(pn talsma@macmail.psy.uva.nl).

� Texture supportwas addedby Curt Olson (curt@flightgear.org) in spring
1998. This markeda significantimprovementin termsof reality. You may
recall: MSFShaduntexturedsceneryup to version4.0. For this purpose,
somehigh-qualitytexturesweresubmittedbyEric Mitchell (mitchell@mars.
ark.com.

� A HUD (headup display)wasaddedbasedon codeprovided by Michele
America (nomimarketing@mail.telepac.pt)and Charlie Hotchkiss(chotch
kiss@namg.us.anritsu.com)in fall 1997 and continuouslyimproved later,
mainly by NormanVine (nhv@laserplot.com).While beingprobablynot
a substitutefor a panelandmoreover possiblybeinga bit odd in that tiny
Navion, thisHUD hasprovenextremelyusefulin navigationuntil now.

� After improving sceneryandtexturesupportandaddingsomemorefeatures
therewasa disappointingside-effect in spring1998: Frameratesdropped
down to a point whereFlightGearbecameinflyable. Thereweretwo main
achievementsovercomingthis problem. First, with the adventof hardware
OpenGLsupportandcorrespondingdriversfor mostof the graphicscards
thesefeaturescould be exploited in FlightGearaswell, leadingto a frame
rateboostby a factor up to 10. Second,Curt Olson(curt@flightgear.org)
implementedso-calledview frustrumculling (a procedureto exceptpartof
thescenerynot requiredfrom rendering)which gave another20%or so of
framerateboostin May 1998.

With thesetwoachievementsFlightGearbecameflyableagainevenonweaker
machinesaslongasthey includeda3Dgraphicsboardwith hardwareOpenGL
support. With respectto this point oneshouldkeepin mind that codeat
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presentis in no way optimizedleaving a lot of room for further improve-
mentsof framerate.

� A rudimentaryautopilotimplementingheadingholdwascontributedby Jeff
Goeke-Smith(jgoeke@voyager.net) in April 1998. The autopilotwas im-
proved,includedaddinganaltitudehold anda terrainfollow switch,in Oc-
tober1998.

� Thebasicsfor selectablemenuswerelaid basedonSteveBaker’s (sjbaker@
hti.com) portablelibrary PLIB in June1998. After having beenidle for a
long time,first workingmenuentriescameto life in spring1999.

� FriedemannReinhard(mpt218@faupt212.physik.uni-erlangen.de)developed
earlypanelcode,includinga working airspeedindicator,which wasadded
in June1998andhasbeenconsiderablyimproveduntil today.

� Therewasbasicaudiosupport,i. e. an audiolibrary andsomebasicback-
groundenginesound,contributedbySteveBaker(sjbaker@hti.com)in Sum-
mer 1998. Today, the audio library is part of Steves’s above-mentioned
portablelibrary PLIB. This samelibrary wasextendedto supportjoystick
/yoke/rudderlater which broughtFlightGear joystick supportin October
1989,againmarkinga hugeimprovementin termsof realism.

� In September1998Curt Olson(curt@flightgear.org) succeededin creating
first completeterrainSceneryfor theUSA, which is availablefor download
from

ftp://ftp.kingmont.com/pub/kingmont/

Scenerywasfurther improvedby Curt via addingfeatureslike lakes,rivers,
coastlinesandthelike in spring1999.

� In June1999therewasa split of thesourcetreeinto a stableanda develop-
mentalbranch.Evenversionnumbersas0.6,0.8,and(hopefully)1.0 refer
to stableversionsbeingintendedfor generalusewhile oddversionsas0.7
andsoon refer to developmentalversions.Policy is to do only bug fixesin
theevenversions,while new featuresaregenerallyaddedto odd-numbered
versions,which finally after thingsstabilizedwill turn into the next stable
versionby adding0.1. At present(andprobablyin the future), this guide
refersto thestablebranch.

Thisis by nowayacompletehistoryandalot of peoplemakingevenimportant
contributionswereleft out here. Besidesthenamedachievementsbeingmoreon
thesurfacetherewasa lot of work doneconcerningtheinternalstructure,by Steve
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Baker(sjbaker@hti.com),NormanVine(nhv@laserplot.com),GaryR. VanSickle
(tiberius@braemarinc.com),andothers.A morecompletelist of contributorsto the
projectcanbefound in Landing: Somefurther thoughtsbefore leavingtheplane,
Chapter7, aswell asin the file Thanks provided with the code. Moreover, the
FlightGearWebsitecontainsadetailedhistoryof all of thedevelopmentunder

http://www.flightgear.org/News/

1.3 Systemrequirements

Comparedto otherrecentflight simulatorsthesystemrequirementsfor FlightGear
areratherdecent.A P100isalreadysufficient,givenyouhaveaproper3Dgraphics
card,but of coursefor gettinggoodperformancewe recommenda P200or better,
if you run it on a PC.On the otherhand,any not too ancientUNIX workstation
will runFlightGearaswell.

While in principle you can run FlightGear on 3D boardswithout OpenGL
supportor evenonsystemswithout3D graphicshardwareatall, missinghardware
OpenGLsupportcanforceeventhefastestPIII to its knees(frameratestypically
below 1 fps). Any cheap3D graphicscardwill do aslong asit featureshardware
OpenGLsupport.For Windows98/NTdrivers,you maycontactthehomepageof
themanufacturer. Moreover, youshouldhave in mindthatseveralOpenGLdrivers
arestill markedasbetaandmoreover, andsometimesthesedriversareprovidedby
themakersof thegraphicschip insteadof themakersof theboard.More detailon
OpenGLdriverscanbefoundunder

http://www.x-plane.com/v4ibm.html
aswell asunder

http://www.flightgear.org/Hardware.
Next, youneedaround16MBof freediskspacefor installingtheexecutablein-

cludingbasicscenery. In caseyou wantto compiletheprogramyourselfyou need
around50MB for thesourcecodeandfor temporaryfiles createdduringcompila-
tion, independentof theoperatingsystem.

If you wantto hearthesoundeffectsany decentsoundcardshouldserve. Be-
sides,FlightGearsupportsa joystickor yokeaswell asrudderpedalsunderLinux
aswell asunderWindows.

With respectto operatingsystems,FlightGear is being primarily developed
underLinux, a free UNIX clone developedcooperatively over the net in much
the sameway asthe FlightGear projectitself. Moreover, FlightGear runsunder
Windows95,Windows98andWindowsNT andgivenyouhaveapropercompiler
installedcanbe build underall of theseplatformsaswell. Theprimary compiler
for all platformsis the free GNU C++ (i. e. the CygnuscompilerunderWin32),
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however thereis somesupportfor MSVC aswell. Moreover, FlightGearrunsand
canbebuild on severalUNIX/X11 platformswith GNU C++ installed.

1.4 Whom this guide is addressedto and how it is orga-
nized

At first: Thereis not muchof thematerialin this Guidebeingoriginally invented
by ourself. You could even saywith Montaignethatwe ”merely gatheredherea
big bunchof othermen’sflowers,having furnishednothingof my own but thestrip
to hold themtogether”. Most (but fortunatelynot all) of the informationcanas
well begrabbedfrom theFlightGearhomepagebeingsituatedat

http://www.flightgear.org/
andits varioussubpages.However, therestill seemsto beasmallgroupof people
preferringneatlyprintedmanualsover looselyscatteredReadmesandthosemay
acknowledgeoureffort.

This Installation andGettingStartedis intendedasbeinga first steptowards
a morecompleteFlightGear documentation(with the otherparts,supposedly, to
be written by others). Its main addresseeis the end-userwho is not interested
in the internal workings of OpenGLor in building his or her own scenery, for
instance.It is our hope,thatsometimetherewill beanaccompanying FlightGear
Programmer’sGuide, which couldbebasedon someof thedocumentationunder

http://www.flightgear.org/Docs,
a FlightGearSceneryDesignGuide, anda FlightGearFlight School, at least.

This InstallationandGettingStartedis organizedasfollows:
The first Chapter2, Gettingthe engine: Installing OpenGLgraphicsdrivers,

describeshow to preparethe computerfor handlingFlightGear ’s graphicsrou-
tines. FlightGear is basedon a graphicslibrary calledOpenGL,thusyou must
install eitherhardwareor softwareOpenGLsupportfor your graphicsboard(ex-
cept,youdid sobefore).

Chapter3, Building theplane: Compilingtheprogram, explainshow to build,
i. e. compilethe simulator. Dependingon your platform this may or maynot be
requiredfor you. Therewill at leastbe binariesavailable for thoseworking on
a Win32 (i. e. Windows 98 c

�
or Windows NT c

�
) platform. For thoseon such

systems,who want to takeoff immediatelywithout going throughthepotentially
troublesomeprocessof compiling,we recommendjust skippingthatChapterand
goingdirectly to thenext one.

In Chapter4, Preflight: Installing FlightGear , you find instructionsfor in-
stallingthebinariesin caseyoudid notsoby building themin thepreviousChapter.
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Moreover, you’ll have to install sceneryandtexturefiles, which will bedescribed
there,too.

Thefollowing Chapter5, Takeoff: How to start theprogram, describeshow to
starttheprogramincludinganoverview on thecommandline options.

Chapter6, Flight: All aboutinstruments,keystrokesandmenus, describeshow
to operatetheprogram,i. e. to actuallyfly with FlightGear. This includesa(hope-
fully) completelist of key strokes,an overview on themenuentries,aswell asa
detaileddescriptionof theHUD (headup display)andthepanel.

In Chapter7, Landing: Somefurther thoughtsbefore leaving the plane, we
would like to give creditsto thosewho did thehardwork, andgive anoutlookon
whatremainsto bedone.

Finally: We kindly ask others to help us impr oving this documentby sub-
mitting corrections, impr ovements,and more. Notably, we invite others to
contribute descriptionsreferring to alternativesetups(graphicscards,operat-
ing systems,and compilers etc.).We will bemore than happy to include those
into forthcoming versionsof this Installation and Getting Started (of coursenot
without giving credit to the authors).

We hopeto continuouslymaintainthis documentat leastfor a foreseeablefu-
ture, but probablywill not be able to producea new one for any single release
of FlightGear . While we areboth watchingthe mailing lists, it might help, if
developersaddingnew functionalitycouldsendusa shortnote.



Chapter 2

Getting the engine: Installing
OpenGL graphics dri vers

FlightGear’sgraphicsengineis basedonagraphicslibrarycalledOpenGL.Its pri-
maryadvantageis it’ splatformindependence,i. e.,programswrittenwith OpenGL
supportcanbecompiledandexecutedonseveralplatforms,giventheproperdrivers
having beeninstalledin advance.Thus,independentof if you want to run thebi-
nariesonly or if you wantto compiletheprogramyourselfyou mustinstall some
sortof OpenGLsupportfor your videocard. Naturally, you canskip this Chapter
in caseyoualreadydid (maybefor Quakeor someothergame).

Unfortunately, thereareso many graphicsboards,graphicschipsanddrivers
thatweareunableto provideacompletedescriptionfor all systems.To givebegin-
nersa hand,we just describewhatwe did to install driverson our systems,which
might benot tooexotic.

By any means,try gettinghardwareOpenGLdriversfor yoursystem,which is
exemplarydescribedin Sections2.1 to 2.4, resp. If you areunableto locateany
suchdriversyoucantry softwaresupportasdetailedunder2.5.

2.1 3DFX under Linux

An excellentplaceto searchfor documentationaboutLinux and3D acceleratorsis
theLinux QuakeHOWTO at

http://www.linuxquake.com.
It describesall the following stepsin an in-depthfashionandshouldbe your

first aid in casesomethinggoeswrongwith your 3D setup.
The 3DFX graphicscard is a quite popularone (We testedthe Voodoo1to

work). At first, you needtheGLIDE library installed.Grabit at:

13
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http://www.3dfx.com/software/downloadglidel.html
andinstall it. Be careful,you needdifferentGlide librariesfor thedifferenttypes
of VooDoos(I, II, III Banshee).Thereis evenaninstall scriptincludedthatwill do
thingsfor you. Thecanonicalplacefor GLIDE is /usr/local/glide, if you
preferanotherlocation,you’ll have to edit the Makefile for FlightGear by hand.
Be sureto readandunderstandthe file /usr/local/glide/README. Next,
you needto install theMESA library version3.0(or later).Grabit at

ftp://iris.ssec.wisc.edu/pub/Mesa,
unpackit andrun

make linux-glide
in theMesadirectory. Follow theinstructionsin theREADME file, takeacloselook
atREADME.3DFX andplaywith thedemoprograms.

Besidesthese,youneedtheGLUT library version3.7(or greater, akaGameG-
LUT) installed.Grabit at:

http://reality.sgi.com/opengl/glut3/glut3.html.
Note: Glut-3.7 is includedwith Mesa3.0 so if you’ve alreadygrabbedthe latest
versionof mesa,youshouldhave everythingyouneed.

For the lazy of you, thereis of coursethe possibility to install the 3D stuff
includedin your distribution. At leastRedHat6.0 andSuSE6.1 areknown to
containall thenecessarystuff.

Finally, somemorenotesonthebehavior of Voodooboards:
Your cardcomespackagedwith a loop-through-cable.If you have only one

monitor, then the Voodoowill take it over when used. This meansthat all the
applicationson your desktopwill continuerunningbut you’ll only seetheFlight-
Gear screen.If your window managerusesa focus-follows-mousepolicy, don’t
move the mouse.If you losethe focus,there’s no way to shutdown FlightGear
graciously! Bettersolution: Usetwo monitors,onefor your desktop,connectthe
otheroneto your accelerator. You’ll thenget a window on your desktopwhich
managesall keyboardeventsandyou’restill ableto seeyour desktop.

RunningFlightGearunderLinux usinga3DFX acceleratorboardis somewhat
tricky. Most of the boardsbehavior is controlledby environmentvariables.The
two mostimportantare:

� MESA GLX FX: Whensetto f renderingwill bein fullscreenmode,w will
performrenderingin awindow ata significantspeedpenalty.

� FX GLIDE NO SPLASH: Whensetto 1 the rotating3DFX logo won’t ap-
pear. For a descriptionof all environmentvariablesfor VooDooI/II have a
look at

http://www.bahnhof.se/˜engstrom/e3dfxvars.htm.
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This completespreparingyour 3DFX equippedLinux PCfor runningFlight-
Gear. Now proceedandinstall thesupportfilesasdescribedlaterin thisdocument.

2.2 Rendition Chipset under Windows98/NT

This Sectionservesasanexamplefor installingOpenGLdriversunderWindows
98/NT. The Rendition 2100 chipset is, for instance,included in the Diamond
StealthII cardperformingespeciallywell in somewhatweakermachines.

Diamonditself doesnot provide any OpenGLdriver supportfor that board.
However, Rendition,who makethe graphicschip, do. Go to their Web site and
grabthelatestOpenGLWindowsdriversfrom

http://www.rendition.com/download.html
Follow thedescriptionin readme.txt. We recommendmakingthedriversthe
defaultonesby copyingthemto � windows� system (whichavoidsthehassleof
not beingsurewhich driveractuallyruns).

With thisstepyou’realreadydone.
Accordingtoourexperience,so-calledmini-OpenGLdriversprovidedbysome

manufacturersfor makingQuakeplayabledonotprovidethelevel of OpenGLsup-
port requiredby FlightGear . At least,Rendition’smini-OpenGLdriver definitely
doesnot.

2.3 RIVA TNT Chipset under Windows98/NT

Becauseof its highperformance,theRIVA TNT isoneof themostpopularchipsets
today. The DiamondViper 550, ELSA Erazor-2, Creative GraphicsBlaster,and
morecardscomeequippedwith thischip. At leastthedefaultViper550driversare
known to ushaving native built-in OpenGLsupportmakingany add-onOpenGL
driversobsolete.Similar thingsshouldapplyto theotherRIVA TNT basedboards.
In any case,NVIDIA ’sreferencedriversbeingavailablefrom

http://www.nvidia.com/
do thejob aswell.

2.4 3DFX chip basedboardsunder Windows98/NT

The 3DXF based3D add-onor 2D/3D boardsareperhapsthe mostpopularones
today at all. 3DFX madeBeta OpenGLWindows 98 driversavailable on their
Websiteat

http://www.3dfx.com.
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From the main pagego to Develop 3DFX andfurther to SDKs and Demos
andgrabthemthere.

First,makesureyouhavethefile glu32.dll eitherunder� Windows� System
or elsewherein your path.If not, install theMS OpenGLkit opengl95 available
from Microsoft or elsewhereon the net (which by itself only providessoftware
rendering).

Next, locatethefile 3dfxopengl.dll. in the3DFX driverpackage,rename
it to opengl32.dll andcopyit into � Windows� System overwriting thefile
with thesamenameinstalledfrom theMS kit. Thisshouldgetyou going.

2.5 OpenGL software rendering under Windows 98/NT

If youhave anaccelerated3D card,it is highly recommendedyou install hardware
OpenGLdriversfor yourspecificcard.

However, in caseyou are really unableto find suchdriversandwant to try
FlightGeardespitethis you caninstall SGI softwareOpenGLrendering.For this
purpose,getthefile sgi-opengl2.exe from

ftp://ftp.flightgear.org/pub/fgfs/Misc/.
This is a Windows98/NTselfextractinginstallationprogram.Install it by double-
clicking in Windows explorer. Thepackageincludessomedemogamesyou may
wish to try by invokingthemfrom theStartmenu.



Chapter 3

Building the plane: Compiling
the program

ThiscentralChapterdescribeshow to build FlightGearonseveralsystems.In case
youareonaWin32(i. e. Windows98or WindowsNT) platformyoumaynotwant
to gothoughthatpotentiallytroublesomeprocessbut insteadskip thatChapterand
straightlygo to thenext one.(Not everyonewantsto build hisor herplanehimself
or herself,right?) However, theremaybegoodreasonat leastto try building the
simulator:

� In caseyou are on a UNIX/Linux platform thereare supposedlyno pre-
compiledbinariesavailablefor your system.We do not seeany reasonwhy
the distribution of pre-compiledbinaries(with statically linked libraries)
shouldnotbepossiblefor UNIX systemsin principleaswell, but in practice
it is commonto install programslike this oneon UNIX systemsby recom-
piling them.

� Thereareseveraloptionsyou cansetonly during compiletime. Onesuch
optionis thedecisionto compilewith hardwareor softwareOpenGLrender-
ing enabled.A morecompletelist goesbeyondthis InstallationandGetting
Startedandshouldbeincludedin a futureFlightGearProgrammer’sGuide.

� You maybeproudyou did.

On theotherhand,compilingFlightGear is not a taskfor novice users.Thus,
if you’re a beginner (we all wereonce)we recommendpostponingthis andjust
startingwith thebinarydistributionto getyou flying.

Besides,therehave beentwo branchesof codestartingfrom version0.6. For
moredetails,seeSection1.2. This descriptiongenerallyrefersto thestable,even-

17
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numberedbranch.It is almostcertain,thatodd-numberedversionsrequiremodifi-
cationsto that.

As you will note, this Chapteris far from being complete. Basically, we
describecompiling for two operatingsystemsonly, Windows 98/NT andLinux.
Thereis a simpleexplanationfor this: Theseare just the systemswe arework-
ing on. We hopeto be able to provide descriptionsfor more systemsbasedon
contributionswritten by others.

3.1 Compiling under Linux

If you arerunningLinux you probablyhave to build your own binaries.The fol-
lowing is oneway to doso.

1. FlightGearneedssomesupplementarylibrarieswhich areusuallynot con-
tainedin any distributionwe know of. Theseare:

� plib whichisabsolutelyessentialfor thebuilding process.Getthelatest
versionof plib at http://www.woodsoup.org/projs/plib/ and follow the
instructionscontainedin README.plib.

� gfc is only neededif you want to build the scenerygeneration tools
but it doesn’t hurt to haveit installed. It canbe foundalongwith the
building instructionsat http://www.geog.psu.edu/qian/gfc/index.html.

� gpcwhich is alsoneededfor thescenerygeneration tools. Get it from
http://www.cs.man.ac.uk/aig/staff/alan/software/,building instructions
canbefoundin README.gpcin your FlightGearsourcedirectory.

Now youarereadyto proceedto thetaskof getting,compilingandinstalling
FlightGear itself:

2. Getthefile FlightGear-x.xx.tar.gz from thesource subdirectory
under

ftp://ftp.flightgear.org/pub/fgfs/Source/

3. Unpackit using:

tar xvfz FlightGear-x.xx.tar.gz.

4. cd into FlightGear-x.xx. Run:

./configure
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andwait a few minutes.configureknowsabouta lot of options.Havea look
at thefile INSTALL in theFlightGearsourcedirectoryto learnaboutthem.
If run without options,configureassumesthatyou will install thedatafiles
under/usr/local/lib/FlightGear.

5. Assumingconfigurefinishedsuccessfully, simply run

make

andwait for themakeprocessto finish.

6. Now becomeroot (for exampleby usingthesucommand)andtype

make install.

Thiswill install thebinariesin /usr/local/bin.

Thereis aproblemconcerningpermissionsunderLinux/Glide. All programs
accessingtheacceleratorboardneedrootpermissions.Thesolutionis either
to play as root (this is bad practiceand not alwayspossible)or makethe
/usr/local/bin/fgfs binary setuid root, i.e. whenthis binary
is run rootprivilegesaregiven.Do thisby issuing(asroot)

chmod +s /usr/local/bin/fgfs.

Again,this is a quick anddirty hack. Theperfectsolutionfor thisproblemis
usinga kernelmodulecalled3dfx.o. It is availablealongwith documentation
athttp://www.xs4all.nl/ carlo17/3dfx/index.htmlandit mightbeagoodidea
to readsomeof theQuake-relatedlinks there!

To install this kernelmodule,just downloadit, becomeroot andissuethe
following commands:

mkdir dev3dfx

cd dev3dfx

tar xvfz ../Dev3Dfx-2.7.tar.gz

make

cp 3dfx.o /lib/modules/‘uname -r‘/misc

mknod /dev/3dfx c 107 0

insmod 3dfx

It is a goodideato put the last line into oneof your bootupscripts! After
having installedthis module,you caneven go aheadandremove the S-bit
from all programsthatneedaccessto your 3D hardware.
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3.2 Compiling under Windows 98/NT

1. Windows,contrarytoLinux whichbringsitsowncompiler, comesnotequipped
with developmentaltools. Several compilershave beenshown to work for
compilingFlightGear , includingtheCygnusWin32 port of GNU C++ and
theMS VisualC compiler. Giventhattheprojectwill beafreeoneweprefer
theCygnusCompilerasit providesa freedevelopmentenvironment.How-
ever, we will be happyto include a properdescriptionin casethosewho
workedout how to compilewith MSVC or otherCompilersprovide one.

2. InstallandconfiguretheCygnusGnu-Win32developmentenvironment.The
latestversionis Beta20. ThemainCygnusGnu-Win32pageis at:

http://sourceware.cygnus.com/cygwin/.

YoucandownloadthecompleteCygnusGnu-Win32compilerfrom:

ftp://go.cygnus.com/pub/sourceware.cygnus.com/cygwin/latest/full.exe.

Be sureto readthis package’s README files to be found underthe main
page,first.

To install thecompiler, just runfull.exe by double-clickingin Windows
explorer. After doingsoyou’ll find a programgroupcalledCygnus So-
lutions in your Startmenu. Do not forget making a copy of the shell
underc:/bin,asdetailedin thedocs.

3. OpentheCygnusshellvia its entryin theStartmenu.Mountthedrivewhere
youwantto build FlightGearasfollows(assumingyour FlightGeardrive is
d:):

mkdir /mnt
mount d: /mnt

You only have to do this once.Thedrive staysmounted(until you umount
it) eventhroughrebootsandswitchingoff themachine.

4. Beforeactuallybeingableto compileFlightGearyou have to install a hand
full of supportlibrariesrequiredfor building thesimulatoritself. Thosego
usuallyinto c:/usr/local andit is highly recommendedto choosejust
thatplace.

First, you have to install the freewin32 api library (thelatestversionbeing
0.1.5).Getthepackagewin32api-0.1.5.tar.gz from:

http://www.acc.umu.se/anorland/gnu-win32/w32api.html
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Convenientlyyou mayunpackthepackagejust ontoyou FlightGeardrive.
Copythefile to thenameddrive, opentheCygnusshell via theStartmenu
entryandchangeto thepreviouslymounteddrivewith

cd /mnt

Now, you canunpackthedistributionwith

gzip -d win32api-0.1.5.tar.gz
tar xvf win32api-0.1.5.tar

This providesyou with a directorycontainingthe namedlibraries. For in-
stallingthem,changeto thatdirectorywith

cd win32api-0.1.5

andtype

make
make install

This installsthelibrariesto their defaultlocationsunderc:/usr/local

5. To proceed,you needtheglut libraries.Getthesefrom thesamesitenamed
above

http://www.acc.umu.se/anorland/gnu-win32/w32api.html

asglutlibs-3.7beta.tar.gz. Justcopythepackageto your Flight-
Gear drive andunpackit in thesameway asdescribesabove. Thereis no
needto run make here. Instead,just copy the two librarieslibglut.a
andlibglut32.a to c:/usr/local/lib. Thereis no needfor the
two accompanying *.def fileshere.

6. Next, gettheGlut headerfiles, for instance,from

ftp:://ftp.flightgear.org/pub/fgfs/Win32/Mesa-3.0-includes.zip

Unpacktheseasusualwith unzip -d andcopythecontentsof theresult-
ing directory/gl to c:/usr/local/include/gl

7. Finally, you needSteve Backer’s PLIB being oneof the key libraries for
FlightGear. Getthemostrecentversionplib-X.X.tar.gz from

http://www.woodsoup.org/projs/plib/

(Therearemirrors, but makesurethey containthe most recentversion!).
Copy it to your FlightGear drive, openthe Cygnusshell and unpackthe
library asdescribedabove.
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Next, changeinto PLIB’s directory. It is recommendedto configurePLIB
with thefollowing commandline (you canmakea scriptasI did if it hurts)

CFLAGS="-O2 -Wall" CXXFLAGS="-O2 -Wall"
CPPFLAGS=-I/usr/local/include LDFLAGS=-L/usr/local/lib
./configure --prefix=/usr/local
--includedir=/usr/local/include/plib

Youmustwrite all thison oneline withoutany line breaksin between!

Finally, build PLIB with

make
make install

8. Now, you’refinally preparedto build FlightGear itself.

FetchtheFlightGearcodeandspecialWin32 libraries.Thesecanbefound
at:

ftp://ftp.flightgear.org/pub/fgfs/Source/

GrabthelatestFlightGear-X.XX.zip andwin32-libs-X.XX.zip
files.

(It you’re really into adventures,you can try one of the recentsnapshots
instead.)

9. UnpacktheFlightGearsourcecodevia

pkunzip -d FlightGear-X.XX.zip.

10. Changeto thenewly createdFlightGear-X.XX directory with e.g.

cd //D/FlightGear-X.XX

andunpacktheWin32 librariesthere:

pkunzip -d win32-libs-X.XX.zip.

11. You will find a file called install.exe in the Win32 directory after
unzippingwin32-libs-X.XX.zip. This version of install.exe
shouldreplacetheonein your � H-i386-cygwin32 � bin directory– it’ s
soleclaim to fameis that it understandsthatwhenmany calls to it sayin-
stall foo they meaninstall foo.exe. If you skip this stepand
attemptaninstallwith theolderversionpresentmake install will fail.

SideNote: We needto makea distinctionbetweenthebuild tree and
theinstall tree. Thebuild tree is whatwe’vebeentalkingabout
up until thispoint. This is wherethesourcecodelivesandall thecompiling
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takesplace.Oncetheexecutablesarebuilt, they needto be installedsome-
place.Weshallcall this install locationtheinstall tree. This is where
the executables,the scenery, the textures,andany other run-timefiles will
belocated.

12. Configurethemakesystemfor yourenvironmentandyourinstall tree.
Tell theconfigurescriptwhereyou would like to install thebinariesandall
the sceneryandtexturesby usingthe--prefix option. In the following
examplethebaseof theinstall tree isFlightGear. Makesureyou
arewithin FlightGear ’sbuild tree root directory.

13. Run:

./configure --prefix=/mnt/FlightGear.

Side note: The makeprocedureis designedto link againstopengl32.dll,
glu32.dll,andglut32.dllwhich mostacceleratedboardsrequire.If thisdoes
notapplyto yoursor if you installedSGI’ssoftwarerenderingasmentioned
in Subsection2.5 you may have to changetheseto opengl.dll,glu.dll, and
glut.dll. (In caseyou’rein doubtcheckyour � windows� system directory
whatyou’vegot.)

If thisis thecasefor yourvideocard,youcanedit.../Simulator/Main/
Makefile andrenamethesethreelibrariesto their ”non-32” counterparts.
Thereis only oneplacein thisMakefile wherethesefilesarelisted.

14. Build theexecutable.Run:

make.

Assumingyou have installedthe updatedversionof install.exe (see
earlierinstructions)youcannow createandpopulatetheinstall tree.
Run:

make install.

You cansave a significantamountof spaceby strippingall the debugging
symbolsoff of the executable. To do this, changeto the directory in the
install tree whereyour binarylivesandrun:

strip fgfs.exe resp.strip fgfs-sgi.exe.
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Preflight: Installing FlightGear

4.1 Installing the Binaries on a Windowssystem

You canskip this Sectionandgo to the installationof sceneryin caseyou built
FlightGear alongthe lines describesduring the previous Chapter. If you did not
andyou’re jumping in hereyour first stepconsistsin installing the binaries. At
present,thereareonly pre-compiledbinariesavailablefor Windows 98/NT while
in principle it might bepossibleto create(staticallylinked) binariesfor Linux as
well.

The following supposesyou areon a Windows 98 or Windows NT system.
Installingthebinariesis quitesimple.Go to

ftp://ftp.flightgear.org/pub/fgfs/Win32/
getthelatestbinariesfrom thatsubdirectorynamed

fgfs-win32-bin-X.XX.exe
andunpackthemvia doubleclicking. This will createa directoryFlightGear
with severalsubdirectories.You aredone.

4.2 Installing Support files

Independenton your operatingsystemandindependenton if you built the bina-
ries yourselfor installedthe precompiledonesasdescribedabove you will need
scenery,texture,sound,andsomemoresupportfiles. A basicpackageof all these
is containedin thebinariesdirectorymentionedabove as

fgfs-base-X.XX.
Preferably, you maywant to downloadthe.tar.gz versionif you areworking
underLinux/UNIX andthe.exe versionif you areunderWindows98/NT.Make
sureyou getthemost recentversion.

24
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If you’re working underLinux or UNIX, unpackthe previously downloaded
file with

tar xvfz fgfs-base-X.XX.tar.gz
while underWindows98/NTjustdoubleclick onthefile (beingsituatedin theroot
of yourFlightGeardrive.).

This alreadycompletesinstallingFlightGearandshouldyou enableto invoke
theprogram.

Somemorescenerywhich, however, is not a substitutefor the packagemen-
tioned above but ratheris basedon it can be found in the scenerysubdirectory
under

http://www.flightgear.org/Downloads/
Thesemay be older versionswhich may or may not work with the most recent
binaries.

In addition,thereis a completesetof USA Sceneryfiles availablecreatedby
Curt Olsonwhichcanbedownloadedfrom

ftp://ftp.kingmont.com/pub/kingmont/
Thecompletesetcoversseveral100’sof MBytes.Thus,Curtprovidesthecomplete
seton CD-ROM for thosewho really would like to fly over all of the USA. For
moredetail,checktheremarksin thedownloadspageabove.

Finally, the binariesdirectory mentionedcontainsthe completeFlightGear
documentationas

fgfs-manual-X.XX.exe.
It includesa.pdf versionof this InstallationandGettingStartedguideintended

for prettyprintingusingAdobe’sAcrobatreaderbeingavailablefrom
http://www.adobe.com/acrobat
Moreover, if properly installedthe .html versioncanbe accessedvia Flight-

Gear ’shelp menuentry.



Chapter 5

Takeoff: How to start the
program

5.1 Starting under Linux

UnderLinux, FlightGear is invokedby
fgfs --option1 --option2...,

wheretheoptionsaredescribedin Section5.3below.

5.2 Starting under Windows 98/NT

In Windowsexplorer, changeto the � FlightGear� directory. Callrunfgfs.bat
bydouble-clickingif youwantto invokethehardwareacceleratedversionof Flight-
Gearfgfs.exe, orrunfgfs-sgi.bat if youinstalledSGI’ssoftwareOpenGL
support.

Alternatively, if for oneor theotherreasonthebatchdoesnot work, you can
openan MS-DOSshell, changeto the directorywhereyour binary resides(typi-
cally somethinglike d: � FlightGear� bin whereyou might have to substitute
d: in favor of yourFlightGeardirectory),settheenvironmentvariablewith

SET FG ROOT=d:� FlightGear � bin
andinvokeFlightGear(within thesameshell– Windowsenvironmentsettingsare
only valid locally within thesameshell)via

fgfs --option1 --option2....
For gettingmaximumperformanceit ishighly recommendedtominimize(iconize)

thenon-graphicswindow while runningFlightGear.
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Fig.2: Readyfor takeoff. Weareat thedefaultstartuppositionin Arizona.

5.3 Command line parameters

Following is a list andshortdescriptionof thecommandline optionsavailable.In
caseof Windows98/NT it is recommendedto includethesein runfgfs.bat.

5.3.1 GeneralOptions
� --help: givesa smallhelptext, kind of a shortversionof thisSection.

� --fg-root=path: tells FlightGear whereto look for its datafiles if you
didn’t compileit with thedefaultsettings.

� --disable-game-mode: Disablesfullscreendisplay.

� --enable-game-mode: Enablesfullscreenrendering.

� --disable-splash-screen: Turnsoff the rotating3DFX logo when
theacceleratorboardgetsinitialized.
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� --enable-splash-screen: If you like advertising,setthis!

� --disable-intro-music: NoMP3-sampleisbeingplayedwhenFlight-
Gearstartsup.

� --enable-intro-music: If your machineis powerful enough,enjoy
thissetting.

� --disable-mouse-pointer: In the future, FlightGear will featurea
mouseinterfacesothatoptionscanbesetat runtime. As this featureis not
implementedyet it seemswiseto disablethemouseinterface.

� --enable-mouse-pointer: Enablesanothermousepointerin theFlight-
Gearwindow. This is usefulwhenrunningFlightGear in full screenmode
andwill allow accessto the - yet to be implemented- mouseinterfaceof
FlightGear.

� --disable-pause: This will put you into FlightGear with the engine
running,readyfor Take-Off.

� --enable-pause: StartsFlightGear in pausemode.

5.3.2 Features
� --disable-hud: Switchesoff theHUD (HeadUp Display).

� --enable-hud: TurnstheHUD on. This is thedefault.

� --disable-panel: Turnsoff theinstrumentpanel.This is thedefault,as
theinstrumentpanelis notyetcomplete– but in ouropinionshouldbegiven
at leasta try.

� --enable-panel: Thiswill giveyou thelook of a realcockpit.

� --disable-sound: Prettyself explaining,isn’t it?

� --enable-sound:

5.3.3 Flight model
� --fdm=abcd Therearefour allowedvaluesfor abcd:slew, jsb, larc-
sim, external, which you might want to try. Default valueis larc-
sim.
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5.3.4 Initial Position and Orientation
� --airport-id=ABCD: If you wantto startdirectly at anairport,enterits

internationalcode,i.e. KJFK for JFK airport in New York. A long/short
list of theIDs of theairportsbeingimplementedcanbefoundin /Flight
Gear/Airports. You only have to unpackoneof the files with gnuzip.
Keepin mind,you needtheterraindatafor therelevantregion!

� --lon=degrees: This is thestartinglongitudein degrees(west= -)

� --lat=degrees: This is thestartinglatitudein degrees(south= -)

� --altitude=meters: You maystart in free flight at the givenaltitude.
Watchfor thenext optionsto inserttheplanewith agivenheadingetc.

� --heading=degrees: Setstheinitial heading.

� --roll=degrees: Initial roll angle.

� --pitch=degrees: Initial pitchangle.

5.3.5 RenderingOptions
� --fog-disable: To cut down the renderingefforts, distantregions are

vanishingin fog by default. If you disablefogging, you’ll seefartherbut
your framerateswill drop.

� --fog-fastest: Thescenerywill not look verynicebut framerateswill
increase.

� --fog-nicest: This optionwill give you a fairly realisticview of flying
on ahazyday.

� --fov=xx.x: Setsthefield of view in degrees.Thevalueis displayedon
theHUD. Defaultis 55.0.

� --disable-fullscreen: Selfexplaining,isn’t it?

� --enable-fullscreen:

� --shading-flat: This is thefastestmodebut theterrainwill look ugly!
Thisoptionmighthelpif your videoacceleratoris really slow.

� --shading-smooth: This is the recommended(and default) setting -
thingswill look really nice.
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� --disable-skyblend: No foggingor haze,sky will bedisplayedusing
justonecolor. Fastbut ugly!

� --enable-skyblend: Fogging/hazeis enabled,sky andterrainlook re-
alistic. This is thedefaultandrecommendedsetting.

� --disable-textures: Terraindetailswill bedisabled.Looksugly, but
mighthelpif your videoboardis slow.

� --enable-textures: Defaultandrecommended.

� --enable-wireframe: If you want to know how the world of Flight-
Gearinternallylookslike, try this!

� --geometry=WWWxHHH: Definesthesizeof thewindow used,i.e. WWWx-
HHH canbe640x480, 800x600, or 1024x768.

5.3.6 SceneryOptions Options
� --tile-radius=n: Specifiesthe tiles radius;allowedvaluesfor n are1

– 4.

5.3.7 HUD Options
� --units-feed: HUD displaysunitsin feet.

� --units-meters: HUD displaysunitsin meters.

� --hud-tris: HUD displaysthenumberof trianglesrendered.

� --hud-culled: HUD displayspercentageof trianglesculled.

5.3.8 Time options
� --time-offset=[+-]hh:mm:ss: Offsetlocal timeby thisamount.

� --start-date-gmt=yyyy:mm:dd:hh:mm:ss: Specifyastartingtime
anddate.Time is GreenwichMeanTime.

� --start-date-lst=yyyy:mm:dd:hh:mm:ss: Specifyastartingtime
anddate.Useslocalsiderealtime.
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Flight: All about instruments,
keystrokesand menus

This is a descriptionof themainsystemsfor controllingtheprogramandpiloting
the plane: Historically, keyboardcontrolsweredevelopedfirst, andyou canstill
control mostof the simulatorvia the keyboardalone. Recently, they arebecom-
ing supplementedby severalmenuentries,makingthe interfacemoreaccessible,
particularlyfor beginners,andproviding additionalfunctionality. A joystickspro-
videsa morerealisticalternative for actualpiloting of the plane. Concerningin-
struments,thereareagaintwo alternatives:You canusetheratheradvancedHUD
or theemerging panel.

6.1 Keyboardcommands

While joysticksor yokesaresupportedasarerudderpedals,youcanfly FlightGear
usingthe keyboardalone. For propercontrolling via keyboard(i) theNumLock
key mustbeswitchedon (ii) theFlightGearwindow musthave focus(if not,click
with themouseon thegraphicswindow). Someof thekeyboardcontrolsmight be
helpful evenin caseyou usea joystick.

After activatingNumLock thefollowing keyboardcommandsshouldwork:
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Tab. 1: Main keyboard commandsfor FlightGear .

Key Action
PgUp/PgDn Throttle
Left Arrow/Right Arrow Aileron
Up Arrow/Down Arrow Elevator
Ins/Enter Rudder
5 Centeraileron/elevator/rudder
Home/End Elevatortrim

For changingviewsyouhavetode-activateNumLock. NowShift + � Numeric
Keypad Key � changestheview asfollows:

Tab. 2: View directionsaccessibleafterde-activatingNumLock.

NumericKey View direction
Shift-8 forward
Shift-7 left/forward
Shift-4 left
Shift-1 left/back
Shift-2 back
Shift-3 right/back
Shift-6 right
Shift-9 right/forward

Theautopilotis controlledvia thefollowing controls:

Tab. 3: Autopilotcontrols.

Key Action
Ctrl + A Altitude hold toggleon/off
Ctrl + H Headinghold toggleon/off
Ctrl + S Autothrottletoggleon/off
Ctrl + T Terrainfollow toggleon/off
F11 Settargetaltitude
F12 Settargetheading

The last one is especiallyinterestingas it makesyour Navion behave like a
cruisemissile.

Besidesthesebasickeystherearesomemorespecialones;mostof theseyou’ll
probablynotwantto try duringyour first flight:
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Tab. 4: Morecontrol commands.

Key Action
H/h Changecolor of HUD/toggleHUD off forward/backward
i/I Minimize/maximizeHUD
m/M Changetimeoffset(warp)usedby t/T forward/backward
P Togglespanelon/off
t/T Time speedup/slow down forward/backward
x/X Zoomin/out
z/Z Changevisibility (fog) forward/backward
b Togglebrakeson/off
p Togglepauseon/off
W Togglefullscreenmodeon/off (Mesa/3dfx/Glideonly)
F2 RefreshScenerytile cache
F8 Togglefog on/off
F9 Toggletexturing on/off
F10 Togglemenuon/off
F11 Setsheadingin autopilot
F12 Setsaltitudein autopilot
ESC Exit program

6.2 Menu entries

Albeit themenubeingnotyet fully operationalit providesseveralusefulfunctions.
At present,thefollowing onesareimplemented.

� File

– ResetResetsyouto theselectedstartingposition.Comeshandyin case
you got lostor somethingwentwrong.

– SaveNot yet operational.

– Print Not yet operational.

– CloseRemovesthemenu.(Canbere-activatedby hitting F10.)

– Exit Exits theprogram.

� Edit

– Edit text Not yet operational.

� View
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– TogglePanelTogglespanelon/off.

– View Not yet operational.

– Cockpit View Not yet operational.

� Air craft

– Communication Not yet operational.

– Navigation Not yet operational.

– Altitude Not yet operational.

– Autopilot Slidersfor settinglimiting valuesfor theautopilot.

� Envir onment

– WeatherNot yet operational.

– Terrain Not yet operational.

– Airport Typing in an airport id beamsyou to that airport’s position.
FlightGearcomeswith anextendedlist of airportidsto befoundunder
/FlightGear/Aircraft/aptfull.gz which youcanunpackwith gzip -d.

� Options

– Realism& Reliability Not yet operational.

– PreferencesNot yet operational.

� Help

– Help Shouldbring up this GettingStartedGuide. At presentnot yet
fully implemented.Underwindowsyou canget it working by placing
afile calledwebrun.bat like

c: � programme� netscape� communicator� program� netscape.exe
d:� Flightgear� docs� installguide� html� getstart.html

(you may have to substituteyour path/browser) somewhere in your
path.UnderUNIX acomparableshellscriptmightdo. Requiresfgfs-
manual-X.XX.exe beingproperlyinstalled.

– About... Not yet operational.
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6.3 The headup display

At current,you have two options for readingoff the main flight parametersof
the plane: The HUD (HeadUp Display and the panel. NeitherareHUDs used
in usualgeneralaviation planesnor in civilian ones. Ratherthey belongto the
equipmentof modernmilitary jets. However, in view of the fact that the panel
despiterecentprogressis not yet completethe HUD may well serve as a main
instrumentfor controlling the plane. Besides,it might be easierto fly usingthis
onethanexploiting thepanelandseveralof therealpilots might preferit because
of combiningthereadoutsof critical parameterswith anoutsideview ontothereal
world. (SeveralCessnapilotsmight love to haveone,but technologyis simply too
expensive for implementingHUDs in generalaviation aircrafts.)

Fig.3: TheHUD, or headupdisplay.

TheHUD shown in Fig.3 displaysall mainflight parametersof theplane. In
thecenteryou find thepitch indicator(in degrees)with theaileronindicatorabove
and the rudderindicatorbelow. A correspondingscalefor the elevation can be
foundto theleft of thepitchscale.On thebottomthereis a simpleturn indicator.

Thereare two scalesat the extreme left: The inner one displaysthe speed
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(in kts) while theouteroneindicatespositionof the throttle. You may recall the
Navion takingoff ataspeedof 100kts. Thetwo scalesontheextremer.h.sdisplay
your height,i. e. the left oneshows the heightabove groundwhile the right of it
givesthatabove zero,bothbeingdisplayedin feet.

Besidesthis, the HUD displayssomeadditionsinformation. On the upper
right you find dateandtime. Below, youseelatitudeandlongitudeof your current
position on the l.h.s and r.h.s, resp. In the lower left corner thereis a number
indicatingtheframerate,i.e. thenumberof timesthepicturebeingre-drawn each
second.

You canchangecolor of theHUD usingthe”H” key. Pressingit severaltimes
minimizestheHUD.

6.4 The Panel

BesidestheHUD, FlightGearhasa panelwhich canbeactivatedby pressingthe
”P” key. (It is recommendeddisablingthe HUD then by pressing”H” several
times.)While thepanelis notyet fully completethebasicfiveflight instrumentsto
scanarepresentandworking.
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Fig.4: Thepanel.

In thecenteryoufind theartificial horizon(attitudeindicator)displayingpitch
andbankof your plane.It haspitch marks(hardto beseenin thisversion)aswell
asbankmarksat10,20,30,60,and90 degrees.

Left to theartificial horizon,you’ll seetheairspeedindicator.Not only doesit
have a speedindicationin knots(recall: TheNavion takesoff at 100kts) but also
several arcsshowing characteristicvelocity ragesyou have to consider. At first,
thereis a greenarc indicatingthe normaloperatingrangeof speedwith the flaps
(netyetbeingimplementedin FlightGear) fully retracted.Thewhitearcindicates
the rangeof speedwith flapsin action.The tiny yellow arcshows a range,which
shouldonly beusedin smoothair. Theupperendof it hasa redradial indicating
thespeednever to beexceeded.

Below the airspeedindicatoryou canfind the turn indicator. The airplanein
themiddle indicatestheroll of your plane.If theleft or right wing of theplaneis
alignedwith oneof themarksthis indicatesa standardturn, in which you makea
full 360degreesturn in exactly two minutes.

Below theplane,still in the turn indicator, is anotherinstrument,calledincli-
nometer. It indicatesif rudderandaileronsarecoordinated.During turns, you
alwayshave to operateaileronandrudderin sucha way that the ball in the tube
remainscentered;otherwisetheplaneis skidding.

To the right of theartificial horizonyou find thealtimetershowing theheight
above sealevel (not ground!). At presentit is not yet working in FlightGear.
Below the altimeter is the vertical speedindicator which, on the other hand,is
operational.It indicatestherateof climbing or sinkingof your planein hundreds
of feetperminute.

Thereis onemoreinstrumentworking in thepanel,i.e. thesecondonein the
columnon ther.h.s.indicatingpositionof throttle.

Thiscompletesdescriptionof thepresentmainFlightGear instruments.If you
arelookingfor someinterestingplacesto discoverwith FlightGear(whichmayor
maynot requiredownloadingadditionalscenery)youmaywantto check

http://www.flightgear.org/Downloads/Places.
Thereis now a menuentry for enteringdirectly theairportcodeof theairport

you wantto startfrom.
Finally, if you’redoneandareaboutto leave theplane,justhit theESCkey or

usethecorrespondingmenuentryto exit theprogram.
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Landing: Somefurther thoughts
before leaving the plane

7.1 Those,who did the work

Did youenjoytheflight? In caseyoudid, don’t forgetthosewhodevotedhundreds
of hoursto thatproject.All of thiswork is doneon a voluntarybasiswithin spare
time, thusbarewith the programmersin casesomethingdoesnot work the way
you want it to. Instead,sit down andwrite thema kind (!) letter proposingwhat
to change. Alternatively, you cansubscribeto the FlightGear mailing lists and
contributeyour thoughtsthere.Instructionsto dosocanbefoundunder

http://www.flightgear.org/mail.html.
Essentiallytherearetwo lists, oneof which beingmainly for the developers

andtheotheronefor endusers.

Thesearethepeoplewho did thejob (This informationwasessentiallytakenfrom
thefile Thanks accompanying thecode):

RaulAlonzo (amil@las.es)
Authorof Ssystemandmoontexture.

MicheleAmerica(nomimarketing@mail.telepac.pt)
Contributedto theHUD code.

Steve Baker(sjbaker@hti.com)
Authorof PLIB, agraphics/audio/joystickinterfacewrittenentirelyontopof OpenGL/-
GLUT usedin FlightGear . An immenseamountof coachingandtutelage,both
on the subjectsof flight simulationandOpenGL.It hasbeenhis commentsand
thoughtsthathavepromptedtheimplementationof mostof themoresophisticated
featuresof FlightGear.

38
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MichaelBasler(pmb@knUUt.de)
Coauthorof InstallationandGettingStarted(togetherwith BernhardBuckel).

JohnS.Berndt(jsb@hal-pc.org)
WorkingonacompleteC++rewrite/reimplimentationof thecoreFDM. Initially he
is usingX15 datato testhiscode,but oncethingsareall in placeweshouldbeable
to simulatorarbitraryaircraft.

Paul Bleisch(pbleisch@acm.org)
Redid the debug systemso that it would be much more flexible, so it could be
easilydisabledfor productionsystem,andsothatmessagesfor certainsubsystems
couldbeselectively enabled.

Also contributedafirst stabata configfile/commandline parsingsystem.

JimBrennan(jjb@foothill.net)
Provideda big chunkof onlinespaceto storeUSA sceneryfor Flight Gear.

BernieBright (bbright@c031.aone.net.au)
Many C++ style, usage,andimplementationimprovements,STL portability and
much,muchmore.

BernhardH. Buckel(buckel@wmad95.mathematik.uni-wuerzburg.de)
Contributed the README.Linux. Coauthorof Installationand Getting Started
(togetherwith MichaelBasler).

GeneBuckle(geneb@nwlink.com)
A lot of work gettingFlightGear to compilewith theMSVC++ compiler. Numer-
oushintsondetailedimprovements.

OliverDelise(delise@rp-plus.de)
FAQ Maintainer.

Didier Chauveau(chauveau@math.univ-mlv.fr)
Providedsomeinitial codeto parsethe30 arcsecDEM files foundat:

http://edcwww.cr.usgs.gov/landdaac/gtopo30/gtopo30.html.

Jean-FrancoisDoue
Vector2D,3D,4D andMatrix 3D and4D inlinedC++classes.(BasedonGraphics
GemsIV ed.Paul S.Heckbert)

http://www.animats.com/simpleppp/ftp/public html/topics/developers.html.

FrancineEvans(evans@cs.sunysb.edu)
http://www.cs.sunysb.edu/˜evans/stripe.html

WrotetheGPL’d tri-striper.
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OscarEveritt (bigoc@premier.net)
Createdsingleenginepistonenginesoundsaspart of an F4U packagefor FS98.
They areprettycool andOscarwashappyto contributethemto our little project.

Jean-loupGailly andMark Adler (zlib@quest.jpl.nasa.gov)
Authorsof the zlib library. Usedfor on-the-flycompressionanddecompression
routines,

http://www.cdrom.com/pub/infozip/zlib/.

ThomasGellekum(tg@ihf.rwth-aachen.de)
Changesandupdatesfor compilingon FreeBSD.

Jeff Goeke-Smith(jgoeke@voyager.net)
Contributedour first autopilot(HeadingHold). Betterautoconfcheckfor external
timezone/daylightvariables.

MichaelI. Gold (gold@puck.asd.sgi.com)
Patientlyansweredquestionson OpenGL.

CharlieHotchkiss(chotchkiss@namg.us.anritsu.com)
Workedon improving andenhancingthe HUD code. Lots of codestyle tips and
codetweaks.. .

BruceJackson(NASA) (e.b.jackson@larc.nasa.gov)
http://agcbwww.larc.nasa.gov/People/ebj.html

Developedthe LaRCsimcodeunderfunding by NASA which we useto provide
theflight model.Brucehaspatientlyansweredmany, many questions.

Tom Knienieder(knienieder@ms.netwing.at)
PortedSteve Bakers’saudiolibrary to Win32.

RetoKoradi(kor@mol.biol.ethz.ch)
http://www.mol.biol.ethz.ch/˜kor

Helpedwith settingup fog effects.

BobKuehne(rpk@sgi.com)
RedidtheMakefilesystemsoit is simplerandmorerobust.

VasilyLewis (vlewis@woodsoup.org)
http://www.woodsoup.org

Provided computingresourcesandservicesso that the Flight Gearprojectcould
have real home. This includesweb services,ftp services,shell accounts,email
lists,dnsservices,etc.

ChristianMayer(Vader@t-online.de)
Workingon multi-lingual conversiontoolsfor fgfs.
Contributedcodeto readmsfsscenerytextures.
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Eric Mitchell (mitchell@mars.ark.com)
Contributedsometopnotchscenerytextures.

AndersMorken(amrken@online.no)
MaintainstheEuropeanmirror of theFlightGearwebpages.

Alan Murta (amurta@cs.man.ac.uk)
http://www.cs.man.ac.uk/aig/staff/alan/software/

CreatedtheGenericPolygonClipping library.

Curt Olson(curt@flightgear.org)
Primaryorganizationof theproject.First implementationandmodificationsbased
on LaRCsim. Besidesputting togetherall the piecesprovided by othersmainly
concentratingon thesceneryengineaswell asthegraphicsstuff.

RobinPeel(robinp@mindspring.com)
Maintains worldwide airport and runway databasefor FlightGear as we as X-
Plane.

FriedemannReinhard(mpt218@faupt212.physik.uni-erlangen.de)
Developmentof texturedinstrumentpanel.

PetterReinholdtsen(pere@games.no)
IncorporatedtheGnuautomake/autoconfsystem(with libtool). Thisshouldstream-
line andstandardizethebuild processfor all UNIX-like platforms.It shouldhave
little effecton IDE typeenvironmentssincethey don’t usetheUNIX makesystem.

William Riley (riley@technologist.com)
Contributedcodeto add”brakes”.

Paul Schlyter(pausch@saaf.se)
ProvidedDurk Talsmawith all theinformationheneededto write theastrocode.

ChrisSchoeneman(crs@millpond.engr.sgi.com)
Contributedideason audiosupport.

JonathanR Shewchuk(JonathanR Shewchuk@ux4.sp.cs.cmu.edu)
Author of theTriangleprogram.Triangleis usedto calculatetheDelauney trian-
gulationof our irregularterrain.

GordanSikic (gsikic@public.srce.hr)
Contributeda Cherokeeflight modelfor LaRCsim. Currentlyis not working and
needsto bedebugged.Useconfigure--with-flight-model=cherokee to
build thecherokeeinsteadof theNavion.
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MichaelSmith(msmith99@flash.net)
Contributedcockpitgraphics,3dmodels,logos,andotherimages.ProjectBonanza

http://members.xoom.com/ConceptSim/index.html.

U. S.GeologicalSurvey
http://edcwww.cr.usgs.gov/doc/edchome/ndcdb/ndcdb.html

Providedgeographicdatausedby thisproject.

Durk Talsma(pn talsma@macmail.psy.uva.nl)
AccurateSun, Moon, andPlanets. Sunchangescolor basedon position in sky.
Moon hascorrectphaseandblendswell into the sky. Planetsarecorrectlyposi-
tionedandhavepropermagnitude.helpwith timefunctions,GUI, andotherthings.

GaryR. VanSickle(tiberius@braemarinc.com)
Contributedsomeinitial GameGLUTsupportandotherfixes.

NormanVine (nhv@laserplot.com)
Many performanceoptimizationsthroughoutthe code. Many contributionsand
muchadvicefor the scenerygenerationsection.Lots of Windows relatedcontri-
butions.ImprovedHUD.

RolandVoegtli (webmaster@sanw.unibe.ch)
Contributedgreatphotorealistictextures.

CarmeloVolpe(carmelo.volpe@csb.ki.se)
PortingFlightGear to theMetroWorksdevelopmentenvironment(PC/Mac).

DarrellWalisser(dwaliss1@purdue.edu)
Contributeda largenumberof changesto portingFlightGear to theMetro Works
developmentenvironment(PC/Mac).Finally producedthefirst MacIntoshport.

RobertAllan Zeh(raz@cmg.FCNBD.COM)
Helpedtremendouslyin figuring out theCygnusWin32 compilerandhow to link
with .dll’s.Withouthim thefirst run-ableWin32versionof FlightGearwouldhave
beenimpossible.

7.2 What remainsto be done

At first: If you read(and,maybe,followed) this guideuntil this point you may
probablyagreethatFlightGear, even in its presentstate,is not at all for thebirds.
It is alreadya flight simulatorwhich hasa flight model,a plane,terrainscenery,
texturing andsimplecontrols.
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Despite,FlightGearneeds– andgets– further development.Exceptinternal
tweakings,thereareseveral fields whereFlightGear needsbasicsimprovement
anddevelopment.

A first directionis addingairports,streets,andmorethingsbringingScenery
to real life.

Second,thepanelneedsfurtherimprovementincludingmoreworking gauges.
Besides,thereshouldbesupportfor addingmoreplanesandfor implementing

correspondingflight modelsdiffering from theNavion.
Anothertaskis further implementationof themenusystem,which shouldnot

betoohardwith thebasicsbeingworking now.
A main streamof active developmentconcernsweather. At presentthereis

simply none:noclouds,no rain,no wind. But theresurewill be.
Therearealreadypeopleworking in all of thesedirections. If you’re a pro-

grammerandthink youcancontribute,youareinvited to do so.
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Chapter 8

Missedapproach: If anything
refusesto work

We tried to sortproblemsaccordingto operatingsystemto a certainextent, but if
you encountera problemit may be a wise ideato look beyond ”your” operating
system– just in case.Besides,if anything fails, it is definitelyagoodideato check
theFAQ maintainedby Oliver Delise(delise@rp-plus.de)beingdistributedalong
with thesourcecode.

8.1 Generalproblems
� FlightGearrunsSOOOslow

If theHUD indicatesyouaregettingsomethinglike 1fps(framepersecond)
or below youtypically don’t haveworkinghardwareOpenGLsupport.There
may be several reasonsfor this. First, theremay be no OpenGLhardware
driversavailablefor oldercards.In thiscaseit is highly recommendedto get
anew board.

Second,checkif yourdriversareproperlyinstalled.Severalcardsneedaddi-
tionalOpenGLsupportdriversbesidesthe”native” windowsones.For more
detailcheckChapter2.

Third,checkif yourhardwaredriveriscalledopengl32.dll or justmerely
opengl.dll. By thedefaultcompilation,binariesarelinkedagainstopen
gl32.dll. If you requirethenon-32version,considerrebuilding Flight-
Gearwith thelibrariesopengl32.dll, glut32.dll, andglu32.dll
replacedby their non-32counterparts.For moredetailscheckChapter3.

If youinstalledthepre-compiledbinariesrunfgfs.bat invokesfgfs.exe

44
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while runfgfs.sgi.bat invokesfgfs.sgi.exe with the first ones
beinglinkedagainstthe32-versions.

Usually, hardwareaccelerateddriversusethe32-libraries.

8.2 Potential problemsunder Linux

Sincewe don’t have accessto all possibleflavors of Linux distributions, hereare
somethoughtson possiblecausesof problems. (This Sectionincludescontribu-
tionsby Kai TroesterKai.Troester@rz.tu-ilmenau.de.)

� Wronglibrary versions
This is a rathercommoncauseof grief especiallywhen you prefer to in-
stall thelibrariesneededby FlightGearby hand.Be surethatespeciallythe
Mesalibrary containssupportfor the 3DFX boardandthat Glide libraries
areinstalledandcanbefound.If aldd ‘which fgfs‘ complainsabout
missinglibrariesyou arein trouble.

You shouldalsobesureto keepalwaysthe latestversionof Steve’s plib on
yoursystem.Lotsof people(includingme)have failedmiserablyto compile
FlightGear just becauseof anoutdatedplib.

� Missingpermissions
FlightGear needsto be setuidroot in order to be capableof accessingthe
acceleratorboard(or a specialkernel moduleas describedearlier in this
document).Soyou caneitherissuea

chown root.root /usr/local/bin/fgfs ;
chmod 4755 /usr/local/bin/fgfs

to give theFlightGearbinarytheproperrightsor install the3DFX module.
Thelatteris the“clean” solutionandstronglyrecommended!

� Non-defaultinstall options
FlightGearwill displaya lot of diagnosticswhenbeingstartedup. If it com-
plainsaboutbadlooking or missingfiles, checkthat you installedthemin
theway they aresupposedto be,i.e. latestversionandproperlocation.The
canonicallocationFlightGearwantsits datafilesunder/usr/local/lib.
Be sureto grabthelatestversionsof everythingthatmightbeneeded!

� Compileproblems
Checkasfar asyoucan,asa lastresort(andagreatinformationsource,too)
therearemailing lists for which informationcanbegottenat
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http://www.flightgear.org/mail.html.

Thiswill giveyoudirectcontactto thedevelopers.

� Configurecouldnot find MesaandGlut thoughthey areinstalled

If theconfigurescriptcouldnotfind yourMesaandGlut librariesyoushould
addtheMesalibrary-path(i.e. /usr/local/Mesa) to theEXTRA DIRS
variablein thefile configure.in(i.e.EXTRA DIRS=’’/usr/local/usr/
X11R6/usr/local/Mesa’’). After thisyouhaveto runautoconf.(Please
readREADME.autoconffor runningautoconf)

� SuSEDistribution

– If you have a SuSEdistribution usethe egcscompiler insteadof the
compilerdeliveredwith SuSE.Grabit at

http://egcs.cygnus.com

– SuSE6.0 usersshouldalso usethe Glide, Mesaand Glut Libraries
deliveredwith thedistribution

– A known problemof Flight Gearuntil versionVersion0.57with SuSE
concernsacconfig.h. If ’make’ stopsandreportsan error in rela-
tionwith acconfig.hinsertthefollowinglinesto/usr/share/autoconf/
acconfig.h:

/* needed to compile fgfs properly*/
#undef FG NDEBUG
#undef PACKAGE
#undef VERSION
#undef WIN32a

(asolutionfor thisproblemis comingsoon)

Additionally thereare two versionsof the GNU C compileraround: egcs
andgcc (the classicone). gcc seemsto have its own notion of someC++
constructs,so updatingto egcswon’t hurt andmaybehelp to compile the
program.

8.3 Potential problemsunder Windows 98/NT

� Theexecutablerefusesto run.
Youmayhave tried to starttheexecutabledirectlyeitherby double-clicking
fgfs.exe in Windows explorer or by invoking it in a MS-DOS shell.
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Double-clickingvia explorer doesnever work (exceptyou setthe environ-
mentvariableFG ROOT in the autoexec.bator otherwise). Ratherdouble-
click runfgfs.bat orrunfgfs-sgi.bat For moredetail,checkChap-
ter5.

Anotherpotentialproblemmight be you did not downloadthemostrecent
versionsof sceneryandtexturesrequiredby FlightGear, or youdid not load
any sceneryor textureatall. Haveacloselook at this,asthescenery/texture
format is still underdevelopmentandmaychangefrequently. For morede-
tail, checkChapter4.

A furtherpotentialsourceof troubleareso-calledmini-OpenGLdriverspro-
vided by somemanufacturers.In this case,FlightGear ’s typically hangs
while openingthe graphicswindow. In this case,either replacethe mini-
OpenGLdriver by a full OpenGLdriver or or in casesuchis not available
install softwareOpenGLsupport(seeSection2.5).

� FlightGear ignoresthecommandline parameters.
Thereis a problemwith passingcommandline optionscontaininga ”=” to
windowsbatchfiles. Instead,includetheoptionsinto runfgfs.bat.

� While compilingwith theCygnusCompilerConfigure complainsnot to
find glu32.dll.

Makesureyouchangeto theMain FlightGeardirectory, e.g. with

cd //D/FlightGear-X.XX

beforerunningConfigure andMake. Do not forget the win32 library
package.

� I amunableto build FlightGearunderMSVC/MS DevStudio
By default,FlightGear is build with GNU C++, i. e. the Cygnuscompiler
for Win32. For hintsor Makefilesrequiredfor MSVC for MSC DevStudio
have a look into

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

In principle,FlightGearshouldbebuildablewith theprojectfilesprovided.

� Compilationof FlightGeardiesnot findinggfc.

Thelibrary gfc cannotbebuild with theCygnuscompilerat present.It us
supposedto besubstitutedby somethingelsein thefuture.

As the simulatoris alreadybuilt at this point, you simply canforget about
thatproblemaslong asyou don’t intendto build thescenerycreationtools.
Justgo on with make install.
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