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At UKUUG Linux 2001 in Manchester, the open source
flight simulator FlightGear was proudly presented and
demonstrated to an enthusiastic audience. Today itis
even better.

Customization has become significantly easier by use of
XML files. The range of aircraft and flight data models
has increased significantly. The user and developer base
has expanded. Hardware is more powerful. Much better
terrain data is now available.

Improvements from other open source projects benefit it
too. eg, the 2.6 kernel improves latencies, important for
co-simulation performance.

This talk introduces FlightGear, It discusses challemnges
terms of recent advances, applications, and current
work in progress.



About ...

Alexander Perry
FlightGear developer
Single engine pilot (commercial and instrument rated)
Advanced and instrument ground instructor
Aviation safety counselor (San Diego/Imperial counties, CA)

Outline of talk
Introduction to the project
Progress in visual scenery
Scientific use, the Wright Flyer
Customization using the XML files
Engineering and interfacing hardware
Conclusions



Overview of the FlightGear project

Project goal:
Do things right', minimizing short cuts

What does FlightGear currently offer ?
The pilot's view of the cockpit and of the 3D scenery
World wide terrain, airports, sky, stars, clouds
Electronic navigation, wind and air properties
Dozens of realistic aircraft models
A modular architecture for ease of enhancement

FlightGear started as an idea by David Murr in April 1996.
He proposed that volunteers collaborate using the internet
and other networks to develop a flight simulator that would
be distributed for free. Curt Olson made a multi-olatf
release of FlightGear in July 1997.

FlightGear improved and was showcased at LinuxWorld in
San Jose. The visibility of the project increased drinailat.
There was much excitement as we experienced the 'Slashdot
effect’ for the first time.

New users and developers became involved and more
improvements followed rapidly. As more powerful hardware
and newer data became available, FlightGear has grown as
have expectations of it.



Heritage of the FlightGear project

Stands on the shoulders of other open source psojec
OpenGL/Mesa,
GLU/GLUT/SDL,
PLIB, OpenAL,
SimGear,
JSBSim,
LaRCSim,
YASIm,
TerraGear,
OpenGC,

Atlas,
etc ...

When an engineering or scientific requirement is identified,
the developers try to find an existing project that meets the
need, to avoid writing and maintaining redundant code.
FlightGear aims to be portable across many different
processors and operating systems, as well as scaledgwar
from commodity computers. The source has to be clean
with respect to address width and endianness, two issues
which inconvenience most open source projects, in order to
to run on Intel x86, AMD64, PowerPC and Sparc
processors.

In addition to running the simulation of the aircraft in real
time, the application must also use whatever peripharals
available to deliver an immersive cockpit environment to the
aircraft pilot.



Software implementation

Graphics are drawn using the OpenGL API
Using accelerated renderer such as XFree86
Through GLX calls on Linux; Mesa/X11 is too slow

The scene graph is managed by the PLIB library
FlightGear's loader passes file names to SimGear
Visibility and clouds are specified by weather model

Separate XML-derived objects are also used
The Head Up Display is drawn in front of scenery
The Instrument Panel is drawn beneath the scenery
A big improvement over the previous C++ method

TerraGear's world scenery is currently three fOl3

Most peripherals, such as a joystick, are accessed through
operating system services whose implementation may be
equivalent, yet very different, under the various operating
systems. FlightGear currently supports Windows, FreeBSD,
Linux, Solaris, MacOS, Irix and OS-X. For those services
which are common across most video games, the independent
project PLIB offers a simple API that acts as a Rieta
Library.

Compared to Windows, MacOS and the Unix's, the various
distributions and releases of Linux-based operating isgste
are very similar. There are important differences, rabst
which cause problems when trying to build and test
PLIB, so these rarely impact FlightGear directly.

Any Linux user can download the source, compile it and
safely expect it to run provided OpenGL works.



Three years of progress in visuals

FlightGear has been demonstrated to UKUUG
Manchester, Linux2001 conference

There was progress outside the project
Graphics cards are much faster with better texturing
Linux has lower interactive latency for 2.6 series
Network cards are ten times faster (at similar price)
Shuttle mission collected worldwide topography data

FlightGear has changed a lot to use all that
Other areas have improved too ...

Currently FlightGear offers external and pilot viewsod
cockpit and of the improved 3D scenery. Terrain, lared us
and airport data can be downloaded and worldwide the
scenery automatically is accessible for the area you eloos
simulate flying in.

The simulator includes a web server that enables ateem
computer to request a screenshot of the display in real tim
There is even a video available on the website.



Other recent improvements

Mar 26, 2004 - FlightGear 0.9.4
Source version 0.9.4 is available for download

Jan 20, 2004 - FlightGear IRC
Host "irc.flightgear.org”, channel = "#flightgear"

Nov 18, 2003 - FlightGear movie

Oct 6, 2003 - Latest scenery version
Graphical scenery download interface on the website

Sep 30, 2003 - New website layout (Andrei Barbu)

Tutorial - A circuit in FlightGear
http://www.flightgear.org/Docs/Tutorials/circuit/index.html

There is an extensive list of historical changes omwhlesite.



San Francisco - 2001

Instrument panel and runway markings recently added

This panel provides everything necessary for both Visual and
Instrument flight. All the runway markings are appropiat
However, the image is representational rather tharsteal



San Francisco - 2004

Panel is a 3D model; airports have surface lighting

Pilot's view from a Cessna 172 making a poor approach for
landing at San Francisco International Airport. The ‘@iof

Day” pop up menu is partially visible, with seven quick

selects and an additional button for typing in the time.

Seven consecutive screen dumps, from a wide screen display,
have been combined to demonstrate the simulator's lighting
model.



KMYF, San Diego California - 2001

Although the runway markings were correctly drawn, they
were more crisp and had higher contrast than the
surrounding textured terrain. As a result, airports were
very conspicuous in the visual presentation even at long
distances of 20 km or even further. This is unrealistic.



KMYF, San Diego California - 2004

The contrast of the runway markings was greatly reduced, in
line with the textures of the surroundings, so that aigpor
blend in much better. This airport is actually very difficu
to find and pilots can fly right past it without finding it

Two major highways go past the far end of the runway ih rea
life, but due to registration errors between the FAA rayw
database and the road database one of them passes through
the airport. This is just one example of the inaccesaci
that make it dangerous to use FlightGear data inifeal |

The improvements in scenery generation for visual flight can
be seen in the river, valley and coastline and bay.



San Jose runways - 2001

Identify the three runways ...
No alternative to photo scenery for these vislasibns

Even with the dramatic improvements in graphics card
performance, it is still not feasible to routinely use
photographic textures for all kinds of visual flight
operations on commodity computer systems.

Near the ground, such as below 1000 ft, the texture would
need to show detail that is as small as 10 cm across.

Many jets operate at 40,000 ft with visibilities of hueds of
miles so that 100,000 square km may need to be shown.

This corresponds to 10,000,000,000,000 of the detail pixels
which is about 40 terabytes that need to be mipmapped.

There are two grey runways and one white runway. To the
right of the white runway is a black taxiway that is often
mistaken for a runway — to the surprise of taxiing pilots.



Visual rendering is just one module

We have a lot of aircraft
737, 747, A-10, A320, AN-225, B-52F, TSR2, ComperSwift
MD11, OV10, T37, T38, X15, YF-23, a4, airwaveXtreme150
as350, asw20, beech99, bell206, bo105, ¢182, c310, ch47
dc3, c172, 1104, f15, f16, fkdrl, fokker100, fokker50
harrier, hunter, j22, j3cub, marchetti, ornithopter
p51d, pa28-161, paraglider, pc7, seahawk, sgs233, shuttle
sopwithCamel, tul54, ufo, wrightFlyer1903, x24, x24b

Many Flight Data Models (FDMs)
LaRCsim, JSBSim, UIUCModel, YASim, Balloon, ADA, etc

Several ways for Weather, sound, traffic, contrets,...

FlightGear may not have something you want
You could add it; your software may be GPL incompatible

Many of the aircraft are available in multiple configimas,
so that (for example) the A-10 “Warthog” may be clean
(with no external stores) or with a standard combat load.
Browsing through the list can take a while, especialjioii
don't know how the name was represented. Some include
the manufacturer, sometimes abbreviated, others don't.
The same aircraft can be available with alternative FOMs
take advantage of their varying strengths in operations.

All the modular architecture is stored in XML files ...
but we haven't found an editor that meets all our needs.



Scientific use - external simulations

Most modules can be substituted by external sinaulat
Internal sim properties accessible over the network
The entire FDM can be delegated to a remote computer

Two papers at the European Space Agency ASTRA 2
Both can be found at http://www.flightgear.org/docs.html
Both projects used FlightGear as their research frame work

Navigation of autonomous vehicles on foreign planet
using terrain recognition

Development of a fuzzy autopilot for autonomousniy
vehicles operating in the Mars atmosphere

Smart icing systems research using adaptive FDMs
Remote user interface for an unmanned aerial \&hicl

In addition to entertainment, simulation is often used for
education and training. The purpose of training is to
improve the performance of the “pilot module” whereas the
purpose of scientific simulation is to improve one of the
other modules — such as the autopilot, flight model, etc.

The uses above are developing/improving modules for
navigation, autopilot, checklist and instrument panel.
Scientific work on flight data models tends to be scripted
so JSBSim for example would run independently of
FlightGear. Since JSBSim can run as a FlightGear module
as well as a standalone program, the aircraft models tha
result from the simulation can subsequently be immersively
flown by pilots for a qualitative evaluation.



Latency and distributed simulation

It is easy to split a simulation across many coragsut
But the data has to flow across the connection
Different splits imply different data types
Some splits are extremely sensitive to latency

Splitting visual displays is easy - 10 ms is usuak

Co-Simulation is harder, generally needing 1 mietdter
eg the FDM in one computer, autopilot in another

Hardware in the loop and stability research is dvanmler

Normal network cards can usually achieve 1 ms
Substituting high performance cards can help
Mercury Raceway offers latencies below 1 us

Would like compatible APIs; eg Mercury and UDP/IP

For co-simulation, the delay due to pushing the data hatk a
forth has to be small compared to the loop gain and time
constant of whatever is attempting to control the subsystem
to keep the system stable ... so the aircraft will élyen
This is complicated by the long term performance being
dependent on the worst case latency rather than the average
latency, since the average value determines how well the
feedback loop can damp out transients and the each
incident of the bad latency generates such a transient.

FlightGear's terrain following autopilot uses the built in
terrain (from TerraGear) which is simplistic smootheada
This enables routine users to avoid the whole issue.

I'm not aware of any hardware-in-the-loop usage, so far, bu
it is used as a streaming source of aircraft-like GR&. da



Wright's Flight — a Century ago

17th December 1903, Orville Wright flew ~12 seconds
The Wright Flyer landed ~120 ft from its startinigqe
It had a cracked skid; aircraft and pilot otherwisact

Any landing you can walk away from
... Isagood one'!

The Wright Flyer is very difficult to fly
Get fewer bruises in the simulator

The Wright brothers used simulator technology to train
themselves — and the purchases of their aircraft designs.
When reproductions of their aircraft were being built for
the centennial celebrations, all the pilots used sitorda
extensively in order to become familiar with the handling.



Wright's Flight — and FlightGear

FlightGear model completed in late 2002
The visual model started life as an MSFS aircraft
Jim Wilson reworked, enhanced, and animated the model
The flight dynamic model was based on wind tunnel tests
Michael Selig and students, Univ lllinois, Urbana Champaign
example of how FlightGear aircraft are collaborations

Collaboration is key to a successful simulation.

Usually, a given expert is only familiar with the infaation
that goes into a single module's configuration file. For
example, this expertise may enable the sound efféet®fi
be populated with realistic audio and parametric modifiers.



Customizing new and unusual aircraft

Special FDM uses slew mode derived from Magic Gar

The XML refers to a file for audio effects which is:
<?xml version="1.0"?>
<PropertyList>
<fx><engine>
<name>rumble</name><mode>looped</mode>
<path>Sounds/rumble.wav</path><property>
/velocities/airspeed-kt</property>
<volume><property>
/velocities/airspeed-kt</property>
<factor>0.0001</factor><min>0.3</min>
</volume><pitch><property>
/velocities/airspeed-kt</property>
<factor>0.0001</factor>
<offset>1.5</offset></pitch>
</engine></fx></PropertyList>
If you'd like to try flying this vehicle, simply type
runfgfs —aircraft=ufo



Blending animation using property datab

Models/ufo.ac has just 2137 lines for the 3D model
Models/ufo.xml ...

<?xml version="1.0"?>

The 3D model is one of the few remaining files that is no
converted to XML. The “.ac” file format is plain textc
can be studied without special software tools. Many tools
that understand this 3D data file format, one of which is
Pretty Poly Editor (PPE) — which also uses the PLIB.

In December, most years, the 3D model in CVS changes.

Reading this XML, which explicitly indicates that the UFO
model should be slightly transparent, will explain to the
reader why the buildings could be seen through the model
on the previous slide...



Rotation animation using property datab:

Models/ufo.xml continued ...
<animation><type>spin</type>
<object-name>body</object-name>
<object-name>green_navigation_lights</object-name>
<object-name>red_navigation_lights</object-name>

One of the disadvantages of working with three dimensional
data is that the XML files tend to get fairly repetitive
because of the number of things that get stated thres.time



Glass cockpit - a separate project

http://www.opengc.org
Also using the network connectivity to FlightGear
Customization is occurring outside the main project

This external customization enables engineers to acheire t
immediate needs without learning how FlightGear's
internals work ... and often without even recompiling it.



The rest of the cockpit

Glass Cockpits are software displays
What about the panel with instruments and knobs

FlightGear uses a collection of XML files to dravpanel
It's nice, but not the same as knobs you can push

It is expensive to put in all the motors and swatsh
It's even more expensive to wire them to a computer
There are expensive specialist interface cards
The manufacturer doesn't sell very many of them

Tempting to use cheap consumer gear
For example, USB lets me easily attach 100 devices
| might need 20 sound cards, 30 joysticks, etc etc
But standard Linux systems have trouble with this



Hardware cockpit - 2004

This may become a certified product for flight tiag!



Triple display hardware - 2001 vs 2004

Nicer monitors and showing land use enhances mealis

Due to limited monitor size, the view that is availalxeao
normal computer is a poor substitute for the wraparound
windows of general aviation aircraft. This is espégitrue

when the simulated aircraft has an open cockpit and an
unrestricted view in almost all directions.

FlightGear can make use of multiple monitors to provide a
nicer external view, possibly even wrap around, without
special cabling. The additional computers and monitors need
not be dedicated to this purpose. Once the command lines
and fields of view (relative to the pilot) for each bét

additional computers have been established, the main
computer will make the necessary data available irreispect

of whether those other computers are actually running
FlightGear. In consequence, each of the additional computers
can change from a cockpit window' to a office workstation.



Alternatives to lots and lots of monitors

Caves use five projectors onto all walls/ceiling
Projector images surround the single user
Computers are synchronized to be seamless
Expensive and large, not for your living room
Demonstrated at Univ Minnesota's HumanFIRST Program

Hemispherical displays
Special optics put one projector onto a half dome
Cheaper and smaller than a cave, lower resolution

Head mounted displays
New consumer technologies for immersion appearing
Can have multiple users (pilot and co-pilot)
Only needs a single computer for each user
... Still out of my budget ...

There is no built in limit to the number of slaves you may
have. It wouldn't be too hard to implement a full 360rdeg
wrap around display using 6 computers and 6 projectors, each
covering 60 degree field of view on a cylindrical projeunti
screen. Pilots often look down and up, which incredses t
number of channels greatly for full hemispherical coverage.
|deally, the master computer should be chosen to be
whichever visual channel has the lightest graphical watklo
This might be the dedicated instrument panel. If the master
computer has a heavy graphical workload, the other channels
will usually lag one frame behind. Select the graphicksrea
parameters to ensure that all the visual channelsstenty
achieve a solid and consistent frame rate and, if your video
card supports it, lock the buffer swaps to the verticaéséf.



Integration with a Westland Wasp

LinuxUser and Developer Expo
Olympia London, April 2004
FlightGear presence sponsored by IBM DB2 Stinger
Combined the Westland Wasp with a large displayepan
Helicopter came from the Fleet Air Arm Museum

Visitors could get in the helicopter and fly thensiation
Popular attraction at the expo



Examples of current development work

Virtual GPS for third party software and peripherals
eg FlightMaster and CoPilot for the palm pilot

Getting new hardware working - eg joysticks

Bringing up FlightGear on AMD64 - mostly OpenGL

Clickable 3d instrumentation - a clean API

Dedicated visual channels

DME bias - mismatch between data and real world

King air cockpit progress

MD11 performance notes - corrections

Multiplayer doesn't work properly

New scenery rebuild - too many radio towers

Twilight and dusk lighting - enhanced realism

Alex is primarily working on using benefits of AMD64 ...



Interesting Airport - 2001

We added the aircraft carrier into the static sogne
aircraft could land and take off - but the carrier doesn't mo

The static carrier is part of the scenery.



Interesting airport - 2004

The moving carrier is an instance of FGAIShip, one of&Ahe
object types. These are not currently seen by the hitlist,
which is where objects get their solidity. A moving object
would have to interact with the hitlist on every frame.
Wind/turbulence effects are possible; the FGAIThermascla
which models a thermal. It modifies the value of wind-from-
down when the "user" aircraft is within the thermal'suadi
creating a "rising column" of air. Causing a ship to bpb

and down can be modeled by adding a periodic altitude
adjustment to the ship's location. That's the easy pahtat W
will be needed is a method where we can query for the
position of a surface element (triangle/whatever) and its
speeds (longitudinal/rotational) dependent on a given position
(usually the contact patch position). Also for thearad the
wires we will need to query those objects and suchldetali



Other issues and challenges

It's a world wide project - different legal authas

People have different expectations from a simulator
Some care about radios, others IFR, or FDM, etc

Some simulation code benefits from 64 bit addr@ssin
Larger files can be mmap()ed, avoiding fseek()
But need 64 bit drivers for modern OpenGL cards

Discrepancies between data from different sources
Such as highways going through runways and lakes

Some obstacles missing, such as airport and radiers
Latency is critical to multi-pilot and multi-chassisage



Conclusions

FlightGear is widely packaged, available for download
Visual scenery has improved and is very acceptable
Photorealism is not popular beyond proof of concept
The simulator is suitable for use in science and teaching
It isn't perfect; a simulation is only as good as its data
FlightGear requires faster computers than in 2001
The use of XML enables even technophobes to customize
Due to the subject the project addresses

It has many issues and unusual concerns

Most rarely inconvenience other projects
These elements are providing the exciting challenges

and associated activities enjoyed by the developers
www.flightgear.org



