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Chapter 1

Want to have a freeflight? Take
FlightGear !

1.1 Yetanother Flight Simulator?

Did you ever wantto fly a planeyourself,but lackedthe money or skills to do so?
Do youbelongto thoserealpilots, whowantto improve their skills without having
to takeoff? Do you wantto try somedangerousnaneuerswithout risking your
life? Or do you just wantto have fun with a more seriousgamenot killing ary
people?f ary of thesequestionsapplies,PCflight simulatorsarejust for you.

If youarereadingthisyou mighthave gotalreadysomeexperienceeitherusing
Microsoft's (© FS98,Looking Glass’' (© Flight Unlimited Il or ary otherof the
commerciallyavailable PC flight simulators. As the price tag of thoseis usually
within the 50$rangebuying oneof themshouldnotbe a seriougproblemgiventhe
fact, that runningary seriousPC flight simulatorrequiresa hardwarewithin the
1500%range despitedroppingprices,atleast.

Why thenthateffort of spendinghundredor thousand®f hoursof program-
ming to build afree simulator?Obviously theremustbe goodreasorto do so:

e All of the commercialprogramshave a seriousdravback: They are made
by a small group of developersdefiningtheir properties- often quite inert
andnot listeningtoo muchto the customer Anyoneever trying to contact
Microsoftwill immediatelyagree.

e CommercialPC flight simulatorsusuallytry to cover a marketsegmentas
broadaspossible For obviousreasonmostof themwantto senetheserious
pilot aswell asthe beginnerandthegamer TheresultarecompromisesAs
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1.1 YET ANOTHERFLIGHT SIMULATOR? 5

FlightGear is free, thereis no needfor suchcompromisesijt just canbe
giventhepropertiests userswant. It definestself via building.

¢ Building aflight simulatoris a challengeto the art of programming.Con-
tributing to that projectmakesyou belongto thosebeingableto contribute
to serious ambitiousandadvancedsoftwareprojects.

e It isfun. Notonly is it fun to write the code(...or documentation..) but
alsoto belongto that— temporarilychanging- club of clever peopleon the
nethaving discussedstruggledandfinally succeededih creatingthatproject.
Evenreadingthe FlightGearmailing lists is informative andfun for itself.

The above-mentionedooints make FlightGear differentfrom its competitors
in several respect. FlightGear aimsto be a civilian, multi-platform, open,user
supporteduserextensiblesimulator

e Civilian: The projectis primarily aimedto civilian flight simulation. It
shouldbe appropriatefor simulatinggeneralaviation aswell ascivilian air-
craft. However, accordingo theopenconcepbf developmenthatsuredoes
notexcludesomeoneakingthe codeandintegratingmilitary components.

e Multi-platf orm: Thedevelopersareattemptingo keepthecodeasplatform-
independengaspossible. This is basedon their obsenation that peoplein-
terestedn flight simulationsrun quite a variety of computerhardwareand
operatingsystems.The presentcodesupportghe following OperatingSys-
tems:

— Linux (ary platform),

— Windows NT (i86 platform),
— Windows 98(95),

— BSD UNIX,

— SGIIRIX,

— SunQOsS,

— Maclintosh(experimental).

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

e Open: The projectis not restrictedto a closedclub of developers.Anyone
who feelshe or shebeingableto contributeis highly welcome. The code
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(includingdocumentationjs copyrightedunderthe termsof the GnuPublic
License.

The Gnu Public Licenseis often misunderstood.In simple termsit states
thatyou cancopyandfreely distributethe program(s)icensedo it. Youcan
modify them,if youlike. Youareevenallowedto chageasmuchmoney for

the distribution of the modifiedor original programasyou want. However,

youmustdistributeit completewith theentiresourcecodeandit mustretain
theoriginal copyrights.In short:

Y ou cando anythingwith the softwae exceptmakingit non-free”.
Thefull text of the GnuPublicLicensecanbe obtainedfrom
http://www.gnuorg/copyleft/gpl.html.

e Usersupported, userextensible: Contraryto variouscommercialsimula-
tors available, sceneryandaircraft format, internal variables,etc. are user
accessiblanddocumentedrom thebeginning. Evenwithoutanexplicit de-
velopmentatlocumentationywhich surehasto be written at somepoint, this
is guaranteedby supplyingthe sourcecode. It is the goal of the developers
to build a basicengineto which scenerydesignerspanelengineersmaybe
adwentureor ATC routinewriters, soundcapturersand otherscan (andare
askedto) add. It is our hope,thatthe projectwill finally gainfrom the cre-
ativenesandideasof the hundredf talentedsimmersacrosgheworld.

Without doubt, the succesof the Linux projectinitiated by Linus Torvalds
inspiredseveral of the developers.Not only hasit shovn thatdistributeddevelop-
mentof evenhighly sophisticategoftwareprojectsover the Internetis possible.lt
ledto aproductwhich,in severalrespectis betterthanits commerciatompetitors.

1.2 A short history of FlightGear

This projectgoesbackto a discussiorof a groupof net-citizengn 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:.flightgearorg/proposl-3.0.1

Althoughthe namesof the peopleandseveral of the detailsnaturallychanged
in time, the spirit of thatproposalwasclearly retainedup to the presenistatusof
the project.

Actual coding startedin summer1996 and by the end of that year essential
graphicgoutinesverecompleted At thattime, programmingvasmainly doneand
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coordinatedy Eric Korpelafrom Berkeley University(korpela@ssl.BerkeleEDU).
Early codewasrunningunderLinux aswell asunderDOS,0S/2, Windows 95/NT,
and Sun-OS.This was quite an ambitiousproject, asit involved, amongothers,
writing all the graphicsroutinesin a system-independemtay just from scratch.

Developmentsloweddown andfinally stoppedat the beginning of 1997when
Eric hadto completehis thesis. At this point, the projectseemedo be deadand
traffic onthemailing list wentdown to nearlynothing.

It wasCurt Olsonfrom the Universityof Minnesota(curt@flightgeaorg) who
re-startedthe projectin the middle of 1997. His ideawasas simple assuccess-
ful: Why invent the wheel a secondtime? Therehave beenseveral free flight
simulatorsavailablerunningon workstationsunderdifferentflavorsof UNIX. One
of these,LaRCsim,having beendevelopedby Bruce Jacksorfrom NASA (jack-
son@larc.nasa.gdseemedo bewell-adaptedor the presentapproachCurttook
this one apartandre-wrote several of the routinesin a way makingthem build-
ableaswell asrun-ableon theintendedargetplatforms. Thekey ideain doingso
wasselectinga system-independegtraphicsplatform,i. e. OpenGL for thebasic
graphicsroutines.

Fig.1: The Navionflight modelis one of the features FlightGear inherited from
LaRCsim.Until nowit is the only oneplanebeingfully realizedin FlightGear.

In addition, a clever decisionon the selectionof the basicscenerydatawas
alreadymadein this very first version. FlightGear Sceneryis createdbasedon
satellite data publishedby the U. S. GeologicalSuney. Theseterrain dataare
availablefor thewhole world over theInternetfor freefrom

http://edcwwwecr.usgs.ge/doc/edchome/nedb/rdcdbhtml
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for theUS resp.

http://edcwwwcr.usgsgov/landdaac/gipa30/gopo30.hinl
for othercountries. Thosefreelyaccessiblscenerydatain conjunctiorwith scenery
building tools provided with FlightGear are an importantprerequisiteenabling
arnyoneto createhis or herown sceneryatleastin principle.

Thisnew FlightGearcode- still largely beingbasedn original LaRCsimcode
- wasreleasedn July 1997. From that momentthe projectgainedmomentum
again.Herearesomemilestonesrom the morerecenthistory of development:

e Sun,moonandstarsareafield wherePCflight simulatorshave beennotori-
ouslyweakfor ages.lt is oneof thegreatachiezementf FlightGearthatit
includesaccuratesun (watch, Microsoft!), moon,andplanets,beingmore-
over placedon their properpositions. The correspondingastronomycode
wasimplementedn fall 1997by Durk Talsma(pn_talsma@macmail.payva.nl).

e Texture supportwas addedby Curt Olson (curt@flightgeaorg) in spring
1998. This markeda significantimprovementin termsof reality. You may
recall: MSFShad untextured sceneryup to version4.0. For this purpose,
somehigh-qualitytexturesweresubmittedoy Eric Mitchell (mitchell@mars.
ark.com.

e A HUD (headup display)was addedbasedon codeprovided by Michele
America (nomimarketing@mail.telepac.pénd Charlie Hotchkiss(chotch
kiss@namg.us.anritsu.cor) fall 1997 and continuouslyimproved later,
mainly by NormanVine (nhv@Ilaserplot.com)While being probablynot
a substitutefor a paneland morewer possiblybeinga bit oddin thattiny
Navion, this HUD hasprovenextremelyusefulin navigationuntil now.

e After improving scenenandtexture supportandaddingsomemorefeatures
therewasa disappointingside-efect in spring 1998: Frameratesdropped
down to a point whereFlightGear becamenflyable. Thereweretwo main
achiezementsovercomingthis problem. First, with the adwentof hardware
OpenGLsupportand correspondinglriversfor mostof the graphicscards
thesefeaturescould be exploitedin FlightGearaswell, leadingto a frame
rate boostby a factorup to 10. Second,Curt Olson (curt@flightgeaorg)
implementedso-calledview frustrumculling (a procedurdo exceptpart of
the scenerynot requiredfrom rendering)which gave another20% or so of
framerateboostin May 1998.

With thesewo achiezementd-lightGearbecamdlyableagainevenonweaker
machinesslongasthey includeda 3D graphicshoardwith hardwareéOpenGL
support. With respectto this point one shouldkeepin mind that code at
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presentis in no way optimizedleaving a lot of room for further improve-
mentsof framerate.

¢ A rudimentaryautopilotimplementingheadinghold wascontributedby Jef
Goeke-Smith(jgoeke@wyagemet)in April 1998. The autopilotwasim-
proved,includedaddinganaltitude hold andaterrainfollow switch,in Oc-
tober1998.

e Thebasicdor selectablanenuswerelaid basedn Stese Bakers (sjbaker@
hti.com) portablelibrary PLIB in Junel1998. After having beenidle for a
longtime, first working menuentriescameto life in spring1999.

e FriedemaniReinhardmpt218@faupt212.ptsik.uni-erlangen.dejeveloped
early panelcode,including a working airspeedndicator,which wasadded
in Junel998andhasbeenconsiderablymproved until today

e Therewasbasicaudiosupport,i. e. anaudiolibrary andsomebasicback-
groundenginesound contributedby Steve Baker(sjbaker@hti.comin Sum-
mer 1998. Today the audio library is part of Steves’s above-mentioned
portablelibrary PLIB. This samelibrary was extendedto supportjoystick
/yoke/rudderlater which brought FlightGear joystick supportin October
1989,againmarkinga hugeimprovementin termsof realism.

e In Septembed 998 Curt Olson (curt@flightgeaory) succeededh creating
first completeterrainSceneryfor the USA, which s availablefor download
from

ftp://ftp.kingmont.com/pb/kingmont/

Scenerywasfurtherimproved by Curtvia addingfeaturedike lakes,rivers,
coastlinesandthelike in spring1999.

e In Junel999therewasa split of the sourcetreeinto a stableanda develop-
mentalbranch. Evenversionnumbersas0.6, 0.8, and (hopefully) 1.0 refer
to stableversionsbeingintendedfor generalusewhile odd versionsas0.7
andso on referto developmentalersions.Policy is to do only bug fixesin
the evenversionswhile new featuresaregenerallyaddedto odd-numbered
versions,which finally after things stabilizedwill turn into the next stable
versionby adding0.1. At present(and probablyin the future), this guide
refersto thestablebranch.

Thisis by noway acompletehistoryandalot of peoplemakingevenimportant
contributionswereleft out here. Besideshe namedachiezementsheingmoreon
thesurfacetherewasalot of work doneconcerningheinternalstructure by Steve
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Baker(sjbaker@hti.com)NormanVine (nhv@Ilaserplot.com)GaryR. VanSickle

(tiberius@braemarinc.comgndothers.A morecompletdist of contributorsto the

projectcanbefoundin Landing: Somefurther thoughtsbefore leavingthe plane

Chapter7, aswell asin thefile Thanks provided with the code. Moreover, the

FlightGearWebsitecontainsa detailedhistory of all of thedevelopmentunder
http://www.flightgearorg/News/

1.3 Systemrequirements

Comparedo otherrecentflight simulatorshesystenrequirementsor FlightGear
areratherdecent A P100is alreadysufficient, givenyou have aproper3D graphics
card,but of coursefor gettinggoodperformancave recommenda P200or better
if yourun it onaPC.On the otherhand,ary nottoo ancientUNIX workstation
will run FlightGearaswell.

While in principle you can run FlightGear on 3D boardswithout OpenGL
supportor evenon systemswithout 3D graphicshardwareat all, missinghardware
OpenGLsupportcanforce eventhefastestPlll to its knees(frameratestypically
below 1 fps). Any cheap3D graphicscardwill do aslong asit featureshardware
OpenGLsupport.For Windows 98/NT drivers,you may contactthe homepageof
themanufacturerMoreover, you shouldhave in mind thatseveralOpenGLdrivers
arestill markedasbetaandmorewer, andsometimesheseadriversareprovidedby
themakersof the graphicschip insteadof the makersof the board.More detailon
OpenGLdriverscanbefoundunder

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

http://www.flightgearorg/Hardware.

Next, youneedaround16MB of freedisk spacdor installingthe executabldn-
cludingbasicsceneryln caseyou wantto compilethe programyourselfyou need
around50MB for the sourcecodeandfor temporaryfiles createdduringcompila-
tion, independenof the operatingsystem.

If youwantto hearthe soundeffectsary decentsoundcardshouldsene. Be-
sides FlightGearsupportsajoystick or yokeaswell asrudderpedalsunderLinux
aswell asunderWindows.

With respectto operatingsystems FlightGear is being primarily developed
underLinux, a free UNIX clone developedcooperatrely over the netin much
the sameway asthe FlightGear projectitself. Moreover, FlightGear runsunder
Windows 95, Windows 98 andWindows NT andgivenyou have a propercompiler
installedcanbe build underall of theseplatformsaswell. The primary 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 several UNIX/X11 platformswith GNU C++ installed.

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

At first: Thereis not muchof the materialin this Guidebeingoriginally invented
by ourself. You could even saywith Montaignethatwe "merely gatherecherea
big bunchof othermen’s flowers,having furnishednothingof my own but the strip
to hold themtogether”. Most (but fortunatelynot all) of the informationcanas
well begrabbedrom the FlightGearhomepagebeingsituatedat
http://www:.flightgearorg/

andits varioussubpagesHowever, therestill seemgo bea smallgroupof people
preferringneatly printed manualsover loosely scatteredReadmesind thosemay
acknavledgeour effort.

This Installation and Getting Startedis intendedas beinga first steptowards
a more completeFlightGear documentatior{with the other parts,supposedlyto
be written by others). Its main addresseés the end-usemwho is not interested
in the internalworkings of OpenGLor in building his or her own scenery for
instance.lt is our hope,thatsometimetherewill beanaccompaying FlightGear
Programmers Guide which couldbe basedn someof thedocumentatiomnder

http://www:.flightgearorg/Docs,
aFlightGear ScenenbesignGuide anda FlightGearFlight Scool, atleast.

This Installationand GettingStartedis organizedasfollows:

Thefirst Chapter2, Gettingthe engine: Installing OpenGLgraphicsdrivers,
describeshow to preparethe computerfor handlingFlightGear’s graphicsrou-
tines. FlightGear is basedon a graphicslibrary called OpenGL,thusyou must
install eitherhardwareor softwareOpenGLsupportfor your graphicsboard(ex-
cept,youdid sobefore).

Chapter3, Building the plane: Compilingthe program, explainshow to build,
i. e. compilethe simulator Dependingon your platform this may or may not be
requiredfor you. Therewill at leastbe binariesavailable for thoseworking on
aWin32 (i. e. Windows 98 (© or Windows NT (©) platform. For thoseon such
systemswho wantto take off immediatelywithout going throughthe potentially
troublesomeprocessof compiling, we recommendust skippingthat Chapterand
goingdirectly to the next 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 Chapters, Takeof: How to startthe program, describesiow to
startthe programincludinganovervien onthe commandine options.

Chapter6, Flight: All aboutinstrumentskeystrokesand menusdescribehowv
to operateheprogram,i. e. to actuallyfly with FlightGear. Thisincludesa (hope-
fully) completelist of key strokes,an overvien on the menuentries,aswell asa
detaileddescriptionof the HUD (headup display)andthe panel.

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

Finally: We kindly ask othersto help usimpr oving this documentby sub-
mitting corrections, improvements,and more. Notably, we invite others to
contribute descriptionsreferring to alternative setups(graphicscards, operat-
ing systemsand compilers etc.). We will be more than happy to include those
into forthcoming versionsof this I nstallation and Getting Started (of coursenot
without giving credit to the authors).

We hopeto continuouslymaintainthis documentat leastfor a foreseeabléu-
ture, but probablywill not be ableto producea new onefor ary singlerelease
of FlightGear. While we are both watchingthe mailing lists, it might help, if
developersaddingnew functionality could sendusa shortnote.



Chapter 2

Getting the engine: Installing
OpenGL graphicsdrivers

FlightGear’sgraphicsengines basednagraphicdibrary calledOpenGL.lts pri-
maryadwantages it’ splatformindependence, e., programswritten with OpenGL
supporicanbecompiledandexecutednseveralplatforms giventheproperdrivers
having beeninstalledin advance.Thus,independenof if you wantto run the bi-
nariesonly or if youwantto compilethe programyourselfyou mustinstall some
sortof OpenGLsupportfor your videocard. Naturally, you canskip this Chapter
in caseyou alreadydid (maybefor Quakeor someothergame).

Unfortunately thereare so mary graphicsboards,graphicschipsanddrivers
thatwe areunableto provide acompletedescriptiorfor all systemsTo give begin-
nersa hand,we just describewhatwe did to install driverson our systemswhich
mightbenottoo exotic.

By arny meansiry gettinghardwareOpenGLdriversfor your systemwhichis
exemplarydescribedn Sections2.1to 2.4, resp. If you are unableto locateary
suchdriversyou cantry softwaresupportasdetailedunder2.5.

2.1 3DFX under Linux

An excellentplaceto searchor documentatiomboutLinux and3D acceleratorss
the Linux QuakeHOWTO at

http://www.linuxquake.com.

It describesall the following stepsin anin-depthfashionand shouldbe your
firstaidin casesomethinggyoeswrongwith your 3D setup.

The 3DFX graphicscardis a quite popularone (We testedthe Voodoolto
work). At first, you needthe GLIDE library installed.Grabit at:

13
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http://www.3dfx.com/softvare/davnload glidel.html
andinstall it. Be careful,you needdifferentGlide librariesfor the differenttypes
of VooDoos(l, II, Il Banshee)Thereis evenaninstall scriptincludedthatwill do
thingsfor you. The canonicalplacefor GLIDE is/ usr/ | ocal / gl i de, if you
preferanotherocation,you’ll have to edit the Makefile for FlightGear by hand.
Be sureto readandunderstandhefile / usr/ | ocal / gl i de/ README. Next,
you needto installthe MESA library version3.0 (or later). Grabit at

ftp://iris.ssec.wisc.edulfpMesa,
unpackit andrun

make |inux-glide
in theMesadirectory Follow theinstructionan the READVE file, takea closelook
at READMVE. 3DFX andplay with thedemoprograms.

Besidegheseyouneedthe GLUT library version3.7 (or greaterakaGameG-
LUT) installed.Grabit at:

http://realitysgi.com/openigglut3/glut3.html.

Note: Glut-3.7is includedwith Mesa3.0soif you've alreadygrabbecdhe latest
versionof mesayou shouldhave everythingyou need.

For the lazy of you, thereis of coursethe possibility to install the 3D stuff
includedin your distribution. At leastRedHat6.0 and SUSEG6.1 are known to
containall thenecessargtuf.

Finally, somemorenotesonthebehaior of Voodooboards:

Your card comespackagedvith a loop-through-cable If you have only one
monitor, then the Voodoowill takeit over whenused. This meansthat all the
applicationson your desktopwill continuerunningbut you'll only seethe Flight-
Gear screen. If your window managetusesa focus-followvs-mousepolicy, don't
move the mouse.If you losethe focus,theres no way to shutdown FlightGear
graciously! Bettersolution: Usetwo monitors,onefor your desktop connectthe
otheroneto your acceleratar You'll thengeta window on your desktopwhich
managesill keyboardeventsandyou're still ableto seeyour desktop.

RunningFlightGearunderLinux usinga 3DFX acceleratoboardis somevhat
tricky. Most of the boardsbehaior is controlledby ervironmentvariables. The
two mostimportantare:

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

e FX GLI DE_.NO SPLASH Whensetto 1 therotating3DFX logo won't ap-
pear For a descriptionof all ervironmentvariablesfor VooDool/ll have a
look at

http://www.bahnlof.se/"engsom/e 3dfxvars.htm.
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This completegreparingyour 3DFX equipped.inux PCfor runningFlight-
Gear. Now proceedandinstallthesupporffiles asdescribedaterin thisdocument.

2.2 Rendition Chipsetunder Windows 98/NT

This Sectionsenesasan examplefor installing OpenGLdriversunderWindows
98/NT. The Rendition 2100 chipsetis, for instance,includedin the Diamond
Stealthll cardperformingespeciallywell in somavhatweakemachines.

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

http://www.renditon.com/davnload.html
Follow the descriptionin r eadne. t xt. We recommendnakingthe driversthe
defaultonesby copyingthemto \wi ndows\syst em(which avoidsthe hassleof
not beingsurewhich driver actuallyruns).

With this stepyou’re alreadydone.

Accordingto ourexperienceso-callednini-OpenGLdriversprovidedby some
manufacturerfor makingQuakeplayabledonot providethelevel of OpenGLsup-
portrequiredby FlightGear. At least,Renditionsmini-OpenGLdriver definitely
doesnot.

2.3 RIVA TNT Chipsetunder Windows 98/NT

Becausef its high performancetheRIVA TNT is oneof themostpopularchipsets
today The DiamondViper 550, ELSA Erazor2, Creatve GraphicsBlaster,and
morecardscomeequippedwith this chip. At leastthe defaultViper550driversare
known to us having native built-in OpenGLsupportmakingary add-onOpenGL
driversobsolete Similar thingsshouldapplyto theotherRIVA TNT basedoards.
In ary case NVIDIA’sreferencariversbeingavailablefrom
http://www.nvidia.com/
dothejob aswell.

2.4 3DFX chip basedboards under Windows 98/NT

The 3DXF based3D add-onor 2D/3D boardsare perhapghe mostpopularones
todayat all. 3DFX madeBeta OpenGLWindows 98 drivers available on their
Websiteat

http://www.3dfx.com.



16 2. GETTING THE ENGINE

From the main pagego to Devel op 3DFX andfurtherto SDKs and Denops
andgrabthemthere.

First,makesureyouhavethefile gl u32. dl | eitherunder\W ndows\Syst em
or elsavherein your path.If not, installthe MS OpenGLkit opengl 95 available
from Microsoft or elsavhereon the net (which by itself only provides software
rendering).

Next, locatethefile 3df xopengl . dl | . in the3DFX driverpackagerename
it toopengl 32. dl | andcopyit into \W ndows\Syst emoverwriting thefile
with the samenameinstalledfrom the MS kit. This shouldgetyou going.

2.5 OpenGL softwarerendering under Windows 98/NT

If youhave anaccelerate®D card,it is highly recommendegouinstall hardware
OpenGLdriversfor your specificcard.

However, in caseyou are really unableto find suchdriversandwantto try
FlightGear despitethis you caninstall SGI softwareOpenGLrendering.For this
purposegetthefile sgi - opengl 2. exe from

ftp://ftp.flightgearorg/pubfgfs/Misc/.

Thisis aWindows 98/NT self extractinginstallationprogram.Install it by double-
clicking in Windows explorer. The packagencludessomedemogamesyou may
wishto try by invoking themfrom the Startmenu.



Chapter 3

Building the plane: Compiling
the program

This centralChapterdescribe$iow to build FlightGearon severalsystemsin case
youareonaWin32 (i. e. Windows 98 or Windows NT) platformyou maynotwant
to gothoughthatpotentiallytroublesomegrocessut insteadskip thatChapterand
straightlygoto thenext one.(Not everyonewantsto build his or herplanehimself
or herself,right?) However, theremay be goodreasonat leastto try building the
simulator:

e In caseyou are on a UNIX/Linux platform thereare supposedlyno pre-
compiledbinariesavailablefor your system.We do not seeary reasonwhy
the distribution of pre-compiledbinaries(with statically linked libraries)
shouldnotbepossiblefor UNIX systemsn principleaswell, butin practice
it is commonto install programdike this oneon UNIX systemdby recom-
piling them.

e Thereareseveral optionsyou cansetonly during compiletime. Onesuch
optionis thedecisionto compilewith hardwareor softwareOpenGLrender
ing enabled A morecompletdlist goesbeyondthis Installationand Getting
Startedandshouldbeincludedin afuture FlightGear Programmers Guide

e Youmaybe proudyou did.

Onthe otherhand,compiling FlightGearis not a taskfor novice users.Thus,
if you're a beginner (we all were once)we recommendpostponingthis andjust
startingwith the binary distributionto getyou flying.

Besidestherehave beentwo branchesf codestartingfrom version0.6. For
moredetails,seeSectionl.2. This descriptiongenerallyrefersto the stable even-

17
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numberedranch.It is almostcertain,thatodd-numberedersionsrequiremodifi-
cationsto that.

As you will note, this Chapteris far from being complete. Basically we
describecompiling for two operatingsystemsonly, Windows 98/NT and Linux.
Thereis a simple explanationfor this: Theseare just the systemswve are work-
ing on. We hopeto be ableto provide descriptionsfor more systemsbasedon
contributionswritten by others.

3.1 Compiling under Linux

If you arerunningLinux you probablyhave to build your own binaries. Thefol-
lowing is oneway to do so.

1. FlightGear needssomesupplementaryibrarieswhich areusually not con-
tainedin ary distributionwe know of. Theseare:

¢ plib whichis absolutelyessentiafor thebuilding processGetthelatest
versionof plib at http://wwwwoodsoup.ay/projs/plib/ and follow the
instructionscontainedn README.plib

e gfc is only neededif you wantto build the scenerygeneation tools
but it doesnt hurt to haveit installed. It can be foundalong with the
building instructionsat http://wwwgeogpsu.edugjian/gfc/index.html

e gpcwhich is alsoneededor the scenerygeneation tools. Getit from
http://wwwcs.man.ac.uk/aig/stialan/software/, building instructions
canbefoundin README.gpadn your FlightGearsourcedirectory

Now you arereadyto proceedo thetaskof getting,compilingandinstalling
FlightGearitself:

2. Getthefile Fl i ght Gear - x. xx. t ar . gz fromthesour ce subdirectory
under

ftp://ftp.flightgearorg/pubfgfs/Souce/

3. Unpackit using:
tar xvfz FlightCear-x.xx.tar.gz.

4. cdintoFl i ght Gear - x. xx. Run:

./configure
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andwait afew minutes.configureknows aboutalot of options.Have alook
atthefile | NSTALL in the FlightGearsourcedirectoryto learnaboutthem.
If run without options,configureassumeshatyou will install the datafiles
under/ usr/l ocal /1i b/ Fl i ght Gear.

5. Assumingconfigurefinishedsuccessfullysimply run
make

andwait for themakeprocesgo finish.

6. Now becomeroot (for exampleby usingthe sucommandgandtype
make install.
Thiswill installthebinariesin/ usr /| ocal / bi n.

Thereis aproblemconcerningpermissionsinderLinux/Glide. All programs
accessingheacceleratoboardneedrootpermissionsThesolutionis either
to play asroot (this is bad practice and not alwayspossible)or makethe
/usr/local/bin/fgfs binarysetuid root, i.e. whenthis binary
is run root privilegesare given. Do this by issuing(asroot)

chnod +s /usr/local/bin/fgfs.
Again,thisis a quidk anddirty hadk. Theperfectsolutionfor this problemis
usinga kernelmodulecalled3dfx.o. It is availablealongwith documentation

athttp://www.xs4all.nl/ carlo17/3dfx/ind&.htmlandit mightbeagoodidea
to readsomeof the Quake-relatedinks there!

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

nkdi r dev3df x

cd dev3df x

tar xvfz ../Dev3Dix-2.7.tar.gz

make

cp 3dfx.o /lib/rmodul es/“unane -r‘/msc
mknod /dev/3dfx ¢ 107 O

i nsnod 3df x

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

1. Windows, contraryto Linux which bringsits own compiler comesotequipped

with developmentakools. Several compilershave beenshavn to work for
compilingFlightGear, includingthe CygnuswWin32 port of GNU C++ and
theMS VisualC compiler Giventhattheprojectwill beafreeonewe prefer
the CygnusCompilerasit providesa free developmentervironment. How-
ever, we will be happyto include a properdescriptionin casethosewho
workedout how to compilewith MSVC or otherCompilersprovide one.

. Installandconfigurethe CygnusGnu-Wn32developmenernvironment. The

latestversionis Beta20. Themain CygnusGnu-Wn32 pageis at:
http://souceware.ggnus.com/ggwin/.

You candownloadthe completeCygnusGnu-Wn32 compilerfrom:
ftp://go.cygnus.com/pulsoucevare.ggnus.com/ggwin/latest/ful.exe.

Be sureto readthis packages README files to be found underthe main
page first.

To install thecompiler justrunf ul | . exe by double-clickingin Windows
explorer. After doingsoyou'll find a programgroupcalledCygnus So-
| uti ons in your Startmenu. Do not forget making a copy of the shell
underc:/bin,asdetailedin thedocs.

. OpentheCygnusshellvia its entryin the Startmenu.Mountthedrivewhere

youwantto build FlightGearasfollows (assuming/our FlightGeardrive is
d:):

nmkdir /mt

mount d: /mt

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

. Beforeactuallybeingableto compileFlightGearyou have to install ahand

full of supportlibrariesrequiredfor building the simulatoritself. Thosego
usuallyinto c: / usr/ | ocal andit is highly recommendetb choosgust
thatplace.

First, you have to install the freewin32 api library (the latestversionbeing
0.1.5).Getthepackageni n32api -0. 1. 5.t ar. gz from:

http://www.acc.umu.sednorland/gnu-win32¢32apihtml
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Corvenientlyyou may unpackthe packaggust ontoyou FlightGear drive.
Copythefile to the nameddrive, openthe Cygnusshellvia the Startmenu
entryandchangeo the previously mounteddrive with

cd / mt
Now, you canunpackthe distribution with

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

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

cd win32api-0.1.5
andtype

make
make i nstall

Thisinstallsthelibrariesto their defaultlocationsunderc: / usr/ | ocal

5. To proceedyou needtheglut libraries. Getthesefrom the samesite named
above
http://www.acc.umu.sednorland/gnu-win32/w3api.hil

asgl utli bs-3. 7beta. t ar. gz. Justcopythe packagedo your Flight-
Gear drive andunpackit in the sameway asdescribesabove. Thereis no
needto run make here. Instead,just copy the two libraries| i bgl ut . a
andl i bglut32.atoc:/usr/local/lib. Thereis noneedfor the
two accompaying * . def fileshere.

6. Next, getthe Glut headeffiles, for instancefrom
ftp:://ftp.flightgearorg/pubfgfs/Win32/Mesa-3.0-includs.zip
Unpacktheseasusualwith unzi p - d andcopythecontentf the result-
ing directory/ gl toc:/usr/ | ocal/incl ude/ gl

7. Finally, you needSteve Backers PLIB beingone of the key libraries for
FlightGear. Getthemostrecentversionpl i b- X. X. t ar. gz from
http://www.woadsaip.og/projsiplib/

(Thereare mirrors, but make surethey containthe mostrecentversion!).
Copy it to your FlightGear drive, openthe Cygnusshell and unpackthe
library asdescribedabore.
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Next, changeinto PLIB’s directory It is recommendedo configurePLIB
with thefollowing commandine (you canmakeascriptasl! did if it hurts)

CFLAGS="-2 -Val|" CXXFLAGS="-Q2 -\all"

CPPFLAGS=-1/usr/local /i nclude LDFLAGS=-L/usr/local/lib

./configure --prefix=/usr/|ocal
--includedir=/usr/local/include/plib

You mustwrite all this on oneline withoutary line breaksin between!
Finally, build PLIB with

make
make i nstall

. Now, you'refinally preparedo build FlightGearitself.

Fetchthe FlightGearcodeandspecialWin32 libraries. Thesecanbe found
at:

ftp://ftp.flightgearorg/pubfgfs/Souce/

GrabthelatestFl i ght Gear - X. XX. zi p andwi n32-1i bs- X. XX. zi p
files.

(It you're really into adwentures,you cantry one of the recentsnapshots
instead.)

. Unpackthe FlightGearsourcecodevia

pkunzip -d FlightGear-X XX zip.

Changedo thenewly createdl i ght Gear - X. XX di r ect ory with e.g.
cd // D FlightGear-X XX

andunpackthe Win32 librariesthere:

pkunzip -d wi n32-1ibs-X XX zip.

You will find a file calledi nstal | . exe in the Win32 directory after
unzippingwi n32-1i bs- X. XX. zi p. This versionof i nstal | . exe
shouldreplacetheonein your\H-i 386- cygwi n32\bi n directory—it's
soleclaim to fameis thatit understandghatwhenmary callsto it sayi n-
stall foo they meani nstall foo.exe. If you skip this stepand
attemptaninstall with the olderversionpresentmake i nstal | will fail.

SideNote: We needto makea distinctionbetweernthe bui | d tree and
thei nstall tree. Thebuild treeiswhatwe'vebeentalkingabout
up until this point. Thisis wherethe sourcecodelivesandall thecompiling
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12.

13.

14.

takesplace. Oncethe executablesare built, they needto be installedsome-
place.We shallcall thisinstalllocationthei nst al | t r ee. Thisis where
the executablesthe scenerythe textures,andary other run-timefiles will
belocated.

Configurehemakesystenfor yourervironmentandyouri nstal | tree.
Tell the configurescriptwhereyou would like to install the binariesandall
the sceneryandtexturesby usingthe -- pr ef i x option. In the following
examplethebaseof thei nstal | treeisFli ght Gear. Makesureyou
arewithin FlightGear’sbui | d t r ee rootdirectory

Run:
./lconfigure --prefix=/mt/FlightCear.

Side note: The make procedureis designedto link againstopeng|32.dll,
glu32.dll,andglut32.dllwhich mostacceleratethoardsrequire.If this does
notapplyto yoursor if youinstalledSGI’s softwarerenderingasmentioned
in Subsectior?.5 you may have to changetheseto opengl.dil,glu.dll, and
glut.dll. (In caseyou'rein doubtcheckyour\wi ndows\syst emdirectory
whatyou've got.)

If thisisthecas&or yourvideocard,youcanedit. . . / Si mul at or / Mai n/
Makef i | e andrenamethesethreelibrariesto their "non-32” counterparts.
Thereis only oneplacein this Makef i | e wherethesefiles arelisted.

Build theexecutable Run:

make.

Assumingyou have installedthe updatedversionof i nst al | . exe (see
earlierinstructions)you cannow createandpopulatethei nstal | tree.
Run:

make install.

You can save a significantamountof spaceby strippingall the detugging
symbolsoff of the executable. To do this, changeto the directoryin the
install tree whereyourbinarylivesandrun:

strip fogfs.exeresp.strip fgfs-sgi.exe.



Chapter 4

Preflight: Installing FlightGear

4.1 Installing the Binaries on a Windows system

You can skip this Sectionandgo to the installationof sceneryin caseyou built
FlightGear alongthe lines describegluring the previous Chapter If you did not
andyou're jumping in hereyour first stepconsistsin installing the binaries. At
presentthereareonly pre-compiledbinariesavailablefor Windows 98/NT while
in principle it might be possibleto create(statically linked) binariesfor Linux as
well.

The following supposegou are on a Windows 98 or Windows NT system.
Installingthe binariesis quite simple.Go to

ftp://ftp.flightgearorg/pubfgfs/Win32/
getthelatestbinariesfrom thatsubdirectorynamed

fgf s-w n32- bi n-X. XX exe
andunpackthemvia doubleclicking. Thiswill createadirectoryFl i ght Gear
with severalsubdirectoriesYou aredone.

4.2 Installing Support files

Independentn your operatingsystemand independenbn if you built the bina-
ries yourselfor installedthe precompiledonesas describedabore you will need
scenerytexture,sound,andsomemoresupportfiles. A basicpackageof all these
is containedn thebinariesdirectorymentionedabove as
f gf s- base- X. XX

Preferablyyou maywantto downloadthe. t ar . gz versionif you areworking
underLinux/UNIX andthe. exe versionif you areunderWindows98/NT.Make
sureyou getthemostrecentversion.

24



4.2. INSTALLING SUPPOR FILES 25

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

tar xvfz fgfs-base-X XX tar.gz
while underwindows 98/NT justdoubleclick onthefile (beingsituatedn theroot
of your FlightGeardrive.).

This alreadycompletesnstalling FlightGearandshouldyou enableto invoke
the program.

Somemore scenerywhich, however, is not a substitutefor the packagemen-
tioned above but ratheris basedon it canbe found in the scenerysubdirectory
under

http://www.flightgearorg/Downloads/

Thesemay be older versionswhich may or may not work with the mostrecent
binaries.

In addition,thereis a completesetof USA Sceneryfiles availablecreatedoy
Curt Olsonwhich canbe downloadedrom

ftp://ftp.kingmontcom/pub/kngmont/
Thecompletesetcoversseveral100'sof MBytes. Thus,Curtprovidesthecomplete
seton CD-ROM for thosewho really would like to fly over all of the USA. For
moredetail,checktheremarksin thedownloadspageabore.

Finally, the binariesdirectory mentionedcontainsthe completeFlightGear
documentatioras

f gf s- manual - X. XX. exe.

It includesa.pdfversionof this Installationand GettingStartedguideintended
for pretty printing usingAdobe’s Acrobatreaderbeingavailablefrom

http://www.adobe.com/acrobat

Moreover, if properlyinstalledthe .html versioncanbe accessedia Flight-
Gear’shel p menuentry.



Chapter 5

Takeoff: How to start the
program

5.1 Starting under Linux

UnderLinux, FlightGearis invokedby
fgfs --optionl --option2...,
wherethe optionsaredescribedn Section5.3 below.

5.2 Starting under Windows 98/NT

In Windowsexplorer, changaothe\Fl i ght Gear \ directory Callr unf gf s. bat
by double-clickingf youwantto invokethehardwareaccelerategtersionof Flight-
Gearf gf s. exe, orrunf gf s- sgi . bat if youinstalledSGI'ssoftwareOpenGL
support.

Alternatively, if for oneor the otherreasorthe batchdoesnot work, you can
openan MS-DOS shell, changeto the directorywhereyour binary resides(typi-
cally somethindike d: \Fl i ght Gear \bi n whereyou might have to substitute
d: in favor of your FlightGeardirectory),setthe ervironmentvariablewith

SET FG.ROOT=d: \Fl i ght Gear \bi n
andinvokeFlightGear (within the sameshell— Windows ervironmentsettingsare
only valid locally within the sameshell)via

fgfs --optionl --option2....

For gettingmaximumperformancé is highly recommendetb minimize(iconize)
the non-graphicsvindow while runningFlightGear.

26
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: Flight Gear =1
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Fig.2: Readyfor takeof. e are at the defaultstartuppositionin Arizona.

5.3 Commandline parameters

Following is alist andshortdescriptionof the commandine optionsavailable. In
caseof Windows 98/NT it is recommendetb includethesein r unf gf s. bat.
5.3.1 General Options

e -- hel p: givesasmallhelptext, kind of a shortversionof this Section.

e --f g-root =path tells FlightGearwhereto look for its datafiles if you
didn’t compileit with the defaultsettings.

e --di sabl e- game- node: Disablesfullscreendisplay.
e --enabl e- gane- node: Enabledullscreenrendering.

e --di sabl e- spl ash- scr een: Turnsoff the rotating3DFX logo when
theacceleratoboardgetsinitialized.
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e --enabl e- spl ash- scr een: If youlike adwertising,setthis!

e --di sabl e-i ntro- nusi c: No MP3-samplas beingplayedwhenFlight-
Gearstartsup.

e --enabl e-i ntro-nusi c: If your machineis powerful enough,enjoy
this setting.

e --di sabl e- nouse- poi nt er: In thefuture, FlightGear will featurea
mouseinterfacesothat optionscanbe setat runtime. As this featureis not
implemented/etit seemswiseto disablethe mouseinterface.

e --enabl e- nouse- poi nt er : Enablesanothemousepointerin theFlight-
Gearwindow. Thisis usefulwhenrunningFlightGearin full screermode
andwill allow accesdo the - yet to be implemented mouseinterfaceof
FlightGear

e --di sabl e- pause: This will putyou into FlightGear with the engine
running,readyfor Take-Of.

e --enabl e- pause: StartsFlightGearin pausemode.

5.3.2 Features
e --di sabl e- hud: Switchesoff the HUD (HeadUp Display).

e --enabl e- hud: TurnstheHUD on. Thisis thedefault.

e --di sabl e- panel : Turnsoff theinstrumentanel.Thisis thedefault,as
theinstrumenipanelis notyetcomplete- butin ouropinionshouldbegiven
atleastatry.

e --enabl e- panel : Thiswill giveyouthelook of arealcockpit.
e --di sabl e- sound: Prettyselfexplaining,isnt it?

e --enabl e- sound:

5.3.3 Flight model

e -- f dmrabcd Therearefour allowedvaluesfor abed:sl ew, j sb, |arc-
sim external, whichyoumightwantto try. Defaultvalueis | ar c-
sim
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5.34

Initial Position and Orientation

--ai rport-i d=ABCD: If youwantto startdirectly atanairport, enterits
internationalcode,i.e. KJFK for JFK airportin New York. A long/short
list of the IDs of the airportsbeingimplementedcanbefoundin / Fl i ght
Gear/ Ai rports. Youonly have to unpackoneof the files with gnuzip.
Keepin mind, you needtheterraindatafor therelevantregion!

-- | on=degr ees: Thisis thestartinglongitudein degrees(west= -)
-- | at =degr ees: Thisis thestartinglatitudein degrees(south= -)

--al ti tude=net er s: Youmaystartin free flight at the givenaltitude.
Watchfor thenext optionsto insertthe planewith agivenheadingetc.

-- headi ng=degr ees: Setstheinitial heading.
--rol | =degr ees: Initial roll angle.

-- pi t ch=degr ees: Initial pitchangle.

5.3.5 Rendering Options

-- f og- di sabl e: To cut down the renderingefforts, distantregions are
vanishingin fog by default. If you disablefogging, you'll seefartherbut
your framerateswill drop.

--f og- f ast est : Thescenerywill notlook very nice but framerateswill
increase.

--f 0g- ni cest: Thisoptionwill giveyouafairly realisticview of flying
onahazyday

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

--di sabl e-ful | screen: Selfexplaining,isn’t it?
--enabl e-ful | screen:

--shadi ng-f | at: Thisis thefastestmodebut theterrainwill look ugly!
This optionmighthelpif your videoaccelerators really slow.

-- shadi ng- snoot h: This is the recommendedand default) setting -
thingswill look really nice.
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e --di sabl e- skybl end: No foggingor haze sky will bedisplayedusing
justonecolor. Fastbut ugly!

e --enabl e- skybl end: Fogging/hazes enabledsky andterrainlook re-
alistic. Thisis the defaultandrecommendedetting.

e --di sabl e-t ext ur es: Terraindetailswill bedisabled.Looksugly, but
mighthelpif yourvideoboardis slow.

e --enabl e-t extur es: Defaultandrecommended.

e --enabl e-wi ref rame: If youwantto know how the world of Flight-
Gearinternallylookslike, try this!

e -- geomnet r y=WW&HHH: Definesthesizeof thewindow used.e. WX -
HHH canbe 640x480, 800x600, or 1024x768.

5.3.6 SceneryOptions Options

e --til e-radi us=n: Specifieghetilesradius;allowedvaluesfor n arel
—4.

5.3.7 HUD Options

e --uni ts-feed: HUD displaysunitsin feet.
e --units-meters: HUD displaysunitsin meters.
e --hud-tris: HUD displaysthe numberof trianglesrendered.

e -- hud- cul | ed: HUD displayspercentagef trianglesculled.

5.3.8 Time options

e --tinme-of fset=[+-]hh: nm ss: Offsetlocal time by this amount.

e --start-date-gnt=yyyy: nm dd: hh: nm ss: Specifyastartingtime
anddate.Timeis GreenwichMeanTime.

e --start-date-Ist=yyyy: nm dd: hh: nm ss: Specifyastartingtime
anddate.Useslocal sidereakime.



Chapter 6

Flight: All aboutinstruments,
keystrokesand menus

This is adescriptionof the main systemdor controlling the programandpiloting
the plane: Historically, keyboardcontrolswere developedfirst, and you canstill
control mostof the simulatorvia the keyboardalone. Recently they arebecom-
ing supplementedy severalmenuentries,makingthe interfacemoreaccessible,
particularlyfor beginners,andproviding additionalfunctionality. A joystickspro-
videsa morerealistic alternatve for actualpiloting of the plane. Concerningn-
strumentsthereareagaintwo alternatves: You canusetheratheradvancedHUD
or theemeging panel.

6.1 Keyboardcommands

While joysticksor yokesaresupportedsarerudderpedalsyou canfly FlightGear
usingthe keyboardalone. For propercontrolling via keyboard(i) the NunmLock
key mustbe switchedon (ii) the FlightGearwindow musthave focus(if not, click
with themouseon thegraphicswindow). Someof the keyboardcontrolsmight be
helpful evenin caseyou useajoystick.

After activatingNurrLock thefollowing keyboardcommandshouldwork:
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Tah 1: Main keyboad commandsor FlightGear.

Key Action
PgUp/PgDn Throttle
Left Arrow/RightArrow | Aileron
Up Arrow/Down Arrow | Elevator

Ins/Enter Rudder
5 Centeraileron/eleator/rudder
Home/End Elevatortrim

For changingrviewsyouhaveto de-actvateNuniock. Now Shi ft + <Numeri c
Keypad Key> changesheview asfollows:

Tah 2: View directionsaccessiblafter de-activatingNuniock.

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:

Tah 3: Autopilotcontrols.

Key Action

Ctrl + A | Altitude holdtoggleon/off
Ctrl + H | Headinghold toggleon/off
Ctrl + S | Autothrottletoggleon/off
Ctrl + T | Terrainfollow toggleon/off
F11 Settamgetaltitude

F12 Settargetheading

The last oneis especiallyinterestingas it makesyour Navion behae like a
cruisemissile.

Besideghesebasickeystherearesomemorespecialones;mostof theseyou'll
probablynotwantto try duringyour first flight:
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Tah 4: More control commands.

Key

Action

H/h
i/l
m/M
P
tT
X/IX
zIZ
b

p

w
F2
F8
F9
F10
F11
F12
ESC

Changecolor of HUD/toggleHUD off forward/backward
Minimize/maximizeHUD

Changeime offset (warp)usedby t/T forward/backward
Togglespanelon/off

Time speedup/slonv down forward/backward
Zoomin/out

Changevisibility (fog) forward/backward
Togglebrakeson/off

Togglepauseon/off

Togglefullscreenmodeon/off (Mesa/3dfx/Glideonly)
RefreshScenerytile cache

Togglefog on/off

Toggletexturing on/off

Togglemenuon/off

Setsheadingn autopilot

Setsaltitudein autopilot

Exit program

6.2 Menu entries

33

Albeit themenubeingnotyetfully operationalt providesseveralusefulfunctions.
At presentthefollowing onesareimplemented.

o File

— ResetResetyouto theselectedtartingposition. Comeshandyin case
you gotlostor somethingventwrong.

— Save Notyetoperational.

o Edit

Print Not yetoperational.
CloseRemaesthemenu.(Canbere-actvatedby hitting F10.)
Exit Exits the program.

— Edit text Not yetoperational.

o View
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— TogglePanel Togglespanelon/off.
— View Not yetoperational.

— Cockpit View Not yetoperational.
e Air craft

— Communication Not yet operational.
— Navigation Not yet operational.
— Altitude Not yetoperational.

— Autopilot Slidersfor settinglimiting valuesfor the autopilot.
e Environment

— Weather Not yetoperational.
— Terrain Not yetoperational.

— Airport Typing in an airportid beamsyou to thatairport’s position.
FlightGearcomeswith anextendedist of airportidsto befoundunder
/FlightGear/Aircraft/apfull.gz which you canunpackwith gzip -d.

e Options

— Realism& Reliability Not yetoperational.

— PreferencesNot yet operational.
e Help

— Help Shouldbring up this Getting StartedGuide. At presentot yet
fully implemented Underwindows you cangetit working by placing
afile calledwebrun.bat like

c:\ programmé&netscapgcommunicatoyprogram netscapee
d:\Flightgeakdocsinstallguide\ html\ getsart.html

(you may have to substituteyour path/bravser) someavherein your
path.UnderUNIX acomparableshellscriptmightdo. Required gf s-
manual - X. XX. exe beingproperlyinstalled.

— About... Not yetoperational.
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6.3 The headup display

At current,you have two optionsfor readingoff the main flight parameterof
the plane: The HUD (HeadUp Display and the panel. Neitherare HUDs 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 sere asa main
instrumentfor controlling the plane. Besides,t might be easierto fly usingthis
onethanexploiting the panelandseveral of thereal pilots might preferit because
of combiningthereadoutf critical parametersvith anoutsideview ontothereal
world. (Several Cessngilots mightlove to have one,but technologyis simply too
expensve for implementingHUDs in generabviation aircrafts.)

: Flight Gear

Fig.3: TheHUD, or headupdisplay

The HUD shawn in Fig.3 displaysall mainflight parameter®f the plane.In
the centeryou find thepitch indicator(in degrees)with theaileronindicatorabove
and the rudderindicator belown. A correspondingscalefor the elevation can be
foundto theleft of the pitch scale.On the bottomthereis a simpleturnindicator.

Thereare two scalesat the extremeleft: The inner one displaysthe speed
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(in kts) while the outeroneindicatespositionof thethrottle. You may recall the
Navion takingoff ataspeedf 100kts. Thetwo scaleontheextremer.h.sdisplay
your height,i. e. theleft oneshaws the heightabove groundwhile the right of it
givesthatabove zero,bothbeingdisplayedn feet.

Besidesthis, the HUD displayssomeadditionsinformation. On the upper
right you find dateandtime. Below, you seelatitudeandlongitudeof your current
position on the I.h.sandr.h.s, resp. In the lower left cornerthereis a number
indicatingtheframerate,i.e. thenumberof timesthe picturebeingre-dravn each
second.

You canchangecolor of the HUD usingthe”H” key. Pressingt severaltimes
minimizesthe HUD.

6.4 The Panel

Besideshe HUD, FlightGearhasa panelwhich canbe activatedby pressinghe
"P” key. (It is recommendedlisablingthe HUD then by pressing’H” several
times.)While thepanelis notyetfully completethebasicfive flight instrumentgo
scanarepresenandworking.

: Flight Gear =] E3

File Edit View Aircraft Environment Options Help

EONANZA
NE5485
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Fig.4: Thepanel.

In the centeryou find the artificial horizon(attitudeindicator)displayingpitch
andbankof your plane.It haspitch marks(hardto beseenin this version)aswell
asbankmarksat 10, 20, 30, 60,and90 degrees.

Left to theartificial horizon,you’ll seetheairspeedndicator.Not only doesit
have a speedndicationin knots(recall: The Navion takesoff at 100 kts) but also
several arcsshaving characteristioselocity ragesyou have to consider At first,
thereis a greenarc indicatingthe normaloperatingrangeof speedwith the flaps
(netyetbeingimplementedn FlightGear) fully retracted Thewhite arcindicates
the rangeof speedwith flapsin action. Thetiny yellow arcshavs arange,which
shouldonly be usedin smoothair. The upperendof it hasa redradialindicating
thespeedheverto be exceeded.

Below the airspeedndicatoryou canfind the turn indicator. The airplanein
themiddle indicatestheroll of your plane.If theleft or right wing of the planeis
alignedwith oneof the marksthis indicatesa standardurn, in which you makea
full 360degreesturnin exactly two minutes.

Below the plane,still in theturnindicator, is anotherinstrument,calledincli-
nometer. It indicatesif rudderand aileronsare coordinated. During turns, you
alwayshave to operateaileronandrudderin suchaway thatthe ball in the tube
remainscenteredptherwisethe planeis skidding.

To theright of the artificial horizonyou find the altimetershoving the height
above sealevel (not ground!). At presentit is not yet working in FlightGear.
Below the altimeteris the vertical speedindicator which, on the otherhand, is
operational.lt indicatestherateof climbing or sinking of your planein hundreds
of feetperminute.

Thereis onemoreinstrumentworking in the panel,i.e. the secondonein the
columnonther.h.s.indicatingpositionof throttle.

This completegiescriptionof the presenimain FlightGearinstrumentslIf you
arelooking for someinterestingplacego discover with FlightGear (whichmayor
may notrequiredownloadingadditionalscenery)you maywantto check

http://www:.flightgearorg/DownloadsPlaces.

Thereis now amenuentryfor enteringdirectly the airportcodeof the airport
you wantto startfrom.

Finally, if you'redoneandareaboutto leave the plane just hit the ESCkey or
usethe correspondingnenuentryto exit theprogram.
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Landing: Somefurther thoughts
before leaving the plane

7.1 Those,who did the work

Did you enjoytheflight? In caseyoudid, don't forgetthosewho devotedhundreds
of hoursto thatproject. All of thiswork is doneon a voluntarybasiswithin spare
time, thusbarewith the programmersn casesomethingdoesnot work the way
you wantit to. Instead,sit down andwrite themakind (!) letter proposingwhat
to change. Alternatively, you can subscribeto the FlightGear mailing lists and
contributeyour thoughtgthere.Instructionsto do socanbefoundunder

http://www:.flightgearorg/mail.html.

Essentiallytherearetwo lists, one of which beingmainly for the developers
andtheotheronefor endusers.

Thesearethe peoplewho did thejob (Thisinformationwasessentiallytakenfrom
thefile Thanks accompaying thecode):

RaulAlonzo (amil@las.es)
Author of Ssystemandmoontexture.

Michele America(nomimarketing@mail.telepac.pt)
Contributedto the HUD code.

Steve Baker(sjbaker@hti.com)

Authorof PLIB, agraphics/audio/jgstickinterfacewrittenentirelyontop of OpenGL/-
GLUT usedin FlightGear. An immenseamountof coachingandtutelage both

on the subjectsof flight simulationand OpenGL.It hasbeenhis commentsand
thoughtsthathave promptedheimplementatiorof mostof the moresophisticated
featuresof FlightGear

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

JohnS. Berndt(jsb@hal-pc.ay)

Working onacompleteC++rewrite/reimplimentatiorof thecoreFDM. Initially he
is usingX15 datato testhis code,but oncethingsareall in placewe shouldbeable
to simulatorarbitraryaircraft.

Paul Bleisch(pbleisch@acm.q)
Redid the delug systemso that it would be much more flexible, soit could be
easilydisabledfor productionsystemandsothatmessagefor certainsubsystems
couldbeselectiely enabled.

Also contributedafirst stabat a configfile/commandine parsingsystem.

Jim Brennan(jjb@foothill.net)
Provideda big chunkof online spaceo storeUSA scenenyfor Flight Gear

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

BernhardH. Buckel (buckel@wmad95.mathematik.uni-wuetz.de)
Contributedthe README.Linux. Coauthorof Installation and Getting Started
(togethemwith MichaelBasler).

GeneBuckle (geneb@nwlink.com)
A lot of work gettingFlightGearto compilewith the MSVC++ compiletr Numer
oushintson detailedimprovements.

Oliver Delise(delise@rp-plus.de)
FAQ Maintainer

Didier Chauvau(chaueau@math.umimlv.fr)
Provided someinitial codeto parsethe 30 arcsedEM files found at:
http://edcwwwecr.usgs.gu/landdaac/gtpo30/gtopa30.html.

Jean-FrancoiBoue

Vector2D, 3D, 4D andMatrix 3D and4D inlined C++ classes(Basedon Graphics

GemslV ed.Paul S. Heckbert)
http://www.animats.com/siplepppftp/puldic_html/topics/deelopers.hmnl.

FrancineEvans(evans@cs.swshedu)
http://www.cs.sugshedu/ @angstripe.html
Wrotethe GPLd tri-striper.
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Oscarkveritt (bigoc@premienet)
Createdsingle enginepistonenginesoundsas part of an F4U packagefor FS98.
They areprettycool andOscarwashappyto contributethemto ourlittle project.

Jean-loupGailly andMark Adler (zlib@quest.jpl.nasa.g9
Authors of the zlib library. Usedfor on-the-flycompressiorand decompression
routines,

http://www.cdrom.com/pulinfozip/zlib/.

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

Jef Goeke-Smitl{jgoeke@wyagemet)
Contributedour first autopilot(HeadingHold). Betterautoconfcheckfor external
timezone/daylighvariables.

Michaell. Gold (gold@puck.asd.sgi.com)
Patiently answeredjuestionson OpenGL.

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

BruceJacksor(NASA) (e.hjackson@larc.nasa.gp
http://agcbwwwlarc.nasa.ggPeopé/ebj.hinl

Developedthe LaRCsimcodeunderfunding by NASA which we useto provide

theflight model. Brucehaspatientlyanswerednary, mary questions.

Tom Knienieder(knienieder@ms.netwing.at)
PortedSteve Bakerss audiolibrary to Win32.

RetoKoradi(kor@mol.biol.ethz.ch)
http://www.mol.bid.ethz.ch/"lor
Helpedwith settingup fog effects.

Bob Kuehne(rpk@sgi.com)
Redidthe Makefilesystemsoit is simplerandmorerobust.

Vasily Lewis (vlewis@woodsoumrg)

http://www.woodsoup.og
Provided computingresourcesind servicesso that the Flight Gearprojectcould
have real home. This includesweb services ftp services,shell accountsemail
lists, dnsservicesetc.

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

AndersMorken (amrken@online.no)
Maintainsthe Europeammirror of the FlightGearwebpages.

Alan Murta (amurta@cs.man.ac.uk)
http://www.cs.man.ac.uk/aig/stélan/sdtware/
Createdhe GenericPolygonClipping library.

Curt Olson(curt@flightgeaorg)

Primaryorganizationof the project. Firstimplementatiorandmodificationsbased
on LaRCsim. Besidesputting togetherall the piecesprovided by othersmainly
concentratingn the sceneryengineaswell asthe graphicsstuf.

Robin Peel(robinp@mindspringcom)
Maintains worldwide airport and runway databasdor FlightGear as we as X-
Plane.

FriedemanrReinhardmpt218@faupt212.plyjk.uni-erlangn.de)
Developmentof texturedinstrumentpanel.

PetterReinholdtserfpere@games.no)

Incorporatedhe Gnuautomake/autocorsfystem(with libtool). Thisshouldstream-
line andstandardizehe build procesdor all UNIX-like platforms.It shouldhave

little effecton IDE typeervironmentssincethey don’t usethe UNIX makesystem.

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

Paul Schlyter(pausch@saaf.se)
Provided Durk Talsmawith all theinformationhe neededo write the astrocode.

Chris Schoenemafcrs@millpond.engsgi.com)
Contributedideason audiosupport.

JonatharR Shevchuk (JonatharR_Shevchuk@ux4.sp.cs.cmu.edu)
Author of the Triangle program.Triangleis usedto calculatethe Delaung trian-
gulationof ourirregularterrain.

GordanSikic (gsikic@public.srce.hr)

Contributeda Cherokedlight modelfor LaRCsim. Currentlyis not working and
needgo bedehugged.Useconfigure-- wi t h- f I i ght - nodel =cher okee to
build the cherokeensteadof the Navion.
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Michael Smith (msmith99@flash.net)
Contributedcockpitgraphics3d modelsjogos,andotherimages ProjectBonanza
http://members.xoom.com/ConceptSim/irdeml.

U. S. GeologicalSuney
http://edcwwwcr.usgsgov/doc/edchomefdcdbhdcdbhiml
Provided geographi@atausedby this project.

Durk Talsma(pn_talsma@macmail.payva.nl)

AccurateSun, Moon, and Planets. Sunchangescolor basedon positionin sky.
Moon hascorrectphaseandblendswell into the sky. Planetsare correctly posi-
tionedandhave propemagnitude helpwith time functions,GUI, andotherthings.

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

NormanVine (nhv@Iaserplot.com)

Many performanceoptimizationsthroughoutthe code. Many contributionsand
muchadvicefor the scenerygeneratiorsection. Lots of Windows relatedcontri-
butions.Improved HUD.

RolandVoaytli (webmaster@sanunibe.ch)
Contributedgreatphotorealistidextures.

CarmeloVolpe (carmelo.wolpe@cskki.se)
PortingFlightGearto the Metro Works developmentervironment(PC/Mac).

Darrell Walisser(dwaliss1@purdue.edu)
Contributeda large numberof changego porting FlightGearto the Metro Works
developmentervironment(PC/Mac).Finally producedhefirst Macintoshport.

RobertAllan Zeh(raz@cmg.FCNBD.COM)

Helpedtremendouslyn figuring out the CygnusWin32 compilerandhow to link
with .dII’'s. Without him thefirst run-abléWin32 versionof FlightGearwould have
beenimpossible.

7.2 What remainsto be done

At first: If you read(and, maybe,followed) this guide until this point you may
probablyagreethat FlightGear evenin its presentstate,is not at all for the birds.
It is alreadya flight simulatorwhich hasa flight model,a plane,terrainscenery
texturing andsimplecontrols.
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Despite,FlightGear needs- and gets— further development. Exceptinternal
tweakings,there are several fields where FlightGear needsbasicsimprovement
anddevelopment.

A first directionis addingairports,streetsand morethingsbringing Scenery
to reallife.

Secondthe panelneeddurtherimprovementincluding moreworking gauges.

Besidesthereshouldbe supportfor addingmoreplanesandfor implementing
correspondingdlight modelsdiffering from the Navion.

Anothertaskis furtherimplementatiorof the menusystem which shouldnot
betoo hardwith the basicsbeingworking now.

A main streamof active developmentconcernsweather At presentthereis
simply none:no clouds,no rain,nowind. But theresurewill be.

Thereare alreadypeopleworking in all of thesedirections. If you're a pro-
grammerandthink you cancontribute,you areinvited to do so.
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Chapter 8

Missedapproach: If anything
refusesto work

We tried to sortproblemsaccordingto operatingsystento a certainextent, but if
you encountera problemit may be a wise ideato look beyond "your” operating
system-justin case Besidesijf arythingfails, it is definitelya goodideato check
the FAQ maintainedby Oliver Delise (delise@rp-plus.dd)eingdistributedalong
with the sourcecode.

8.1 Generalproblems

e FlightGearrunsSOOOslow
If theHUD indicatesyou aregettingsomethindike 1fps (framepersecond)
or belowv youtypically don't have working hardwareéDpenGLsupport.There
may be several reasondor this. First, theremay be no OpenGLhardware
driversavailablefor oldercards.In this casdit is highly recommendetb get
anew board.

Secondcheckif yourdriversareproperlyinstalled.Severalcardsneedaddi-
tional OpenGLsupportdriversbesideghe’native” windows ones.For more
detailcheckChapter2.

Third, checkif yourhardwaredriveris calledopengl 32. dl | orjustmerely
opengl . dl | . By thedefaultcompilation binariesarelinkedagainsbpen
gl 32.dl | . If yourequirethe non-32version,considerrekuilding Flight-
Gearwith thelibrariesopengl 32. dl |, gl ut 32. dl |, andgl u32. dl |
replacedoy their non-32counterpartsFor moredetailscheckChapter3.

If youinstalledthepre-compiledinariesr unf gf s. bat invokesf gf s. exe

44
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while runf gf s. sgi . bat invokesf gf s. sgi . exe with the first ones
beinglinked againsthe 32-versions.

Usually, hardwareacceleratedriversusethe 32-libraries.

8.2 Potential problemsunder Linux

Sincewe don't have accesdo all possibleflavors of Linux distributions hereare
somethoughtson possiblecausef problems. (This Sectionincludescontribu-
tionsby Kai TroesterKai.Troester@rz.tu-ilmenau.de.)

e Wronglibrary versions
This is a rathercommoncauseof grief especiallywhenyou preferto in-
stallthelibrariesneededy FlightGearby hand.Be surethatespeciallythe
Mesalibrary containssupportfor the 3DFX boardandthat Glide libraries
areinstalledandcanbefound.If al dd * whi ch fgfs' complainsabout
missinglibrariesyou arein trouble.

You shouldalsobe sureto keepalwaysthe latestversionof Steve’s plib on
your system.Lots of people(includingme)have failed miserablyto compile
FlightGearjust becaus®f anoutdatedplib.

e Missingpermissions
FlightGear needsto be setuidrootin orderto be capableof accessinghe
acceleratoiboard (or a specialkernel module as describedearlier in this
document) Soyou caneitherissuea

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

to give the FlightGear binarythe properrights or install the 3DFX module.
Thelatteris the“clean” solutionandstronglyrecommended!

e Non-defaultinstall options
FlightGearwill displayalot of diagnosticsvhenbeingstartedup. If it com-
plainsaboutbadlooking or missingfiles, checkthatyou installedthemin
theway they aresupposedo be,i.e. latestversionandproperlocation. The
canonicalocationFlightGearwantsits datafilesunder/ usr /| ocal / | i b.
Be sureto grabthelatestversionsof everythingthatmightbe needed!

e Compileproblems
Checkasfar asyou can,asalastresort(andagreatinformationsourceoo)
therearemailing lists for which informationcanbe gottenat
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http://www.flightgearorg/mail.himl.

Thiswill giveyoudirectcontactto thedevelopers.

¢ Configurecouldnotfind MesaandGlut thoughthey areinstalled

If theconfigurescriptcouldnotfind your MesaandGlut librariesyou should
addthe Mesalibrary-path(i.e./ usr /| ocal / Mesa) totheEXTRA DIRS
variablein thefile configure.in(i.e. EXTRA_DI RS=" "/ usr/ | ocal / usr/
X11R6/ usr/ 1 ocal / Mesa’ ' ). After thisyouhaveto runautoconf.(Please
readREADME.autoconffor runningautoconf)

e SuSEDistribution

— If you have a SuSEdistribution usethe egcs compilerinsteadof the
compilerdeliveredwith SUSE .Grabit at

http://egcs.ggnus.com

— SuSE®6.0 usersshouldalso usethe Glide, Mesaand Glut Libraries
deliveredwith thedistribution

— A known problemof Flight Gearuntil versionVersion0.57with SUSE
concernsaacconf i g. h. If ‘'make’ stopsandreportsan errorin rela-
tionwith acconfig.linsertthefollowinglinesto/ usr / shar e/ aut oconf /
acconfig. h:

/* needed to conpile fgfs properly*/
#undef FG.NDEBUG

#undef PACKAGE

#undef VERSI ON

#undef W N32a

(asolutionfor this problemis comingsoon)

Additionally thereare two versionsof the GNU C compileraround: egcs
andgcc (the classicone). gcc seemdo have its own notion of someC++
constructs so updatingto egcswon't hurt and maybehelp to compilethe
program.

8.3 Potential problemsunder Windows 98/NT

e Theexecutableefusedo run.
Youmay have tried to startthe executabledirectly eitherby double-clicking
f gf s. exe in Windows explorer or by invoking it in a MS-DOS shell.
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Double-clickingvia explorer doesnever work (exceptyou setthe erviron-

mentvariableFG.ROOT in the autoeec.bator otherwise). Ratherdouble-
clickrunf gf s. bat orrunf gf s- sgi . bat For moredetail,checkChap-
terS.

Anotherpotentialproblemmight be you did not downloadthe mostrecent
versionof scenenandtexturesrequiredby FlightGear, or youdid notload
ary scenenyor textureatall. Have a closelook at this, asthe scenery/tgture
formatis still underdevelopmentandmay changefrequently 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,eitherreplacethe mini-

OpenGLdriver by afull OpenGLdriver or or in casesuchis not available
install softwareOpenGLsupport(seeSection2.5).

e FlightGearignoresthecommandine parameters.
Thereis a problemwith passingcommandine optionscontaininga "=" to
windows batchfiles. Insteadjncludethe optionsinto r unf gf s. bat .

e While compilingwith the CygnusCompilerConf i gur e complainsnotto
findgl u32.dl|.
Make sureyou changeo the Main FlightGeardirectory e.g. with
cd // D FlightGear-X XX
beforerunning Conf i gur e and Make. Do not forget the win32 library
package.

e | amunableto build FlightGearunderMSVC/MS DevStudio
By default, FlightGearis build with GNU C++, i. e. the Cygnuscompiler
for Win32. For hints or Makefilesrequiredfor MSVC for MSC DevStudio
have alook into

http://www:.flightgearorg/Downloads/Sotce.
In principle, FlightGearshouldbe buildablewith the projectfiles provided.

e Compilationof FlightGeardiesnotfinding gf c.

Thelibrary gf ¢ cannotbe build with the Cygnuscompilerat present.It us
supposedo be substitutedy somethingelsein thefuture.

As the simulatoris alreadybuilt at this point, you simply canforget about
thatproblemaslong asyou don't intendto build the scenerycreationtools.
Justgoonwith make i nstall.
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