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1 Introduction 

 

Welcome to Orbiter 2010 ! 

The latest version has been nearly three years in the making, and I hope that it was 

worth the wait. T here is a whole range of new features and improvements. The first 

thi ng you may notice are the new visual effects, including increased planetary texture 

resolution, distance haze effects, anisotropic and mipmap filtering, or new 2-D panel 

animation effects. 

Other features may take longer to reveal their full potential. Orbi ter now comes with 

an embedded scripting language that will open up new possibilities ï from the design 

of autopilots and computer -controlled spacecraft, to interactive tutorials and mission 

scripts. 

Orbiterôs physics have also improved ï from new atmosphere models for Earth and 

axis precession support to solar radiation pressure (check out the solar sail scena-

rios). 

However, the most important changes have taken place ñunder the hoodò. The Orbi-

ter code has been extensively restructured, to separate the graphics subsystem from 

the simulation core. This allow ed the introduction of  a new server version (orbi-

ter_ng ) in addition to the traditional orbiter.exe exec utable. The server has no built-

in graphics (ng = ñno graphicsò), and can be used for example as a multiuser -server 

application or trajec tory data generator. But more interestingly for most users is the 

ability of orbiter_ng to link to external graphics modules. This feature will allow to 

plug in more powerful and feature -rich rendering engines in the future. Even better, 

the interface to the graphics module is public, so anybody can try their hand at im-

proving the Orbiter graphics.  

Enjoy the ride!  

Martin Schweiger  
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1.1 About Orbiter 

 

Let us think the unthinkable, let us do the undoable. Let us 
prepare to grapple with the ineffable itself, and see if we 
may not eff it after all.  

Douglas Adams ï Dirk Gently's Holistic Detective Agency  

Orbit er is a space flight simulator based on Newtonian mechanics. Its playground is 

our solar system with many of its major bodies - the sun, planets and moons. You 

take control of a spacecraft - either historic, hypothetical, or purely science fiction. 

Orbiter  is unlike most commercial computer games with a space theme - there are no 

predefined missions to complete (except the ones you set yourself), no aliens to de-

stroy and no goods to trade. Instead, you will get a pretty good idea about what is in-

volved in real space flight - how to plan an ascent into orbit, how to rendezvous with a 

space station, or how to fly to another planet. It is more difficult, but also more of a 

challenge. Some people get hooked, others get bored. Finding out for yourself is easy 

- simply give it a try. Or biter is free, so you don't need to invest more than a bit of 

your spare time. 

Orbiter is a community project. The Orbiter core is just the skeleton that defines the 

rules of the simulated world (the physical model ). A basic solar system and some 

spacecraft (real and fictional) are included, but you can get a lot more with add-on 

modules developed by other enthusiasts in the Orbiter community. There are add-ons 

for nearly every spacecraft that ever flew (and quite a few that never got beyond the 

drawing board), for many more celestial bodies in the solar system (or entirely new 

fictional systems), for enhanced instruments, and much more. The Orbiter web site 

contains links to many Orbiter add -on repositories. 

1.2 About this manual 

This document is the main help file that comes with the basic distribution of Orbiter. 

It is a User's Guide to the Orbiter software - which is to say that it gives an introduc-

tion into how  most things work, but doesn't tell you much why  they behave as they 

do. By following the in structions, you will find out how to operate the engines of your 

spacecraft, how to use the instruments, and how to perform the most common mis -

sions. 

But a big part of the appeal of Orbiter is finding out about the why  - why do space-

craft in orbit behave as they do, what is involved in a gravity-assist flyby, why do 

rockets have multiple stages, why can it be tricky to line up for docking with a space 

station, what do the numbers in the instru ment displays actually mean ... ? 

This is where physics comes into the picture. If you want to conquer the final frontier , 

you will at some stage need to understand a few of the fundamental physical concepts 

that form the basis of astrodynamics and space flight. Luckily most of it is not very 

difficult - if you learn a bit about forces and gravity ("Newtonian mechanics") and 

how they relate to the motion of planets and spacecraft in orbit ("Kepler's laws"), you 

will have covered a good deal of it. Of course, there are always opportunities to dig 

deeper into the details, so your next steps might be finding out about the effects of 

http://www.quotationspage.com/quote/27062.html
http://www.quotationspage.com/quote/27062.html
http://www.quotationspage.com/quote/27062.html
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orbit perturbations, attitude control, trajectory optimisation, mission planning, in -

strument design - to name just a few. 

Donôt get frustrated if you donôt succeed immediately ï itôs only rocket science. Read 

the documentation and try some of the numerous Orbiter tutorials available on the 

internet, and you will soon be orbiting like a pro.  

Eventually you might start to develop your own add -on modules to enhance Orbiter's 

function ality, write tutorials and help files for newcomers - or even take active part in 

the Orbiter core development by identifying and discussing flaws or omissions in the 

Orbiter physics model (and there are still many!)  

1.3 Orbiter on the web 

The Orbiter home page can be found at orbit.medphys.ucl.ac.uk/ . It is your portal to 

Orbiter news, downloads, forum, addon sites, and related pages. 

The main Orbiter forum, www.orbiter -forum.com/ , is a friendly meeting place for an 

active community of new and seasoned users and developers. It is a good place to find 

answers to any problems you may encounter, or just to hang out with fellow Orbi-

nauts. Suggestions, bug reports (and of course praise) are always welcome. Links to 

other forum sites can be found on the Orbiter web site. 

Next door to the forum, at www.orbithangar.com , is the primary  Orbiter add -on re-

pository, where you can find a huge number of user-created spacecraft, instruments, 

textures, and more. And once you have started to write your own plug-ins, you can 

upload them here to share with others. 

The Orbiter wiki, at www.orbiterwiki.org/ wiki/ Main_Page, is a community-main-

tained site which contains useful information for users and developers. 

For general information about Orbiter, have a look at the Wikipedia entry, 

en.wikipedia.org/ wiki/ Orbiter_(sim) . 

A site dedicated to Orbiter graphics development is the Orbiter Visualisation Project 

at sourceforge.net/projects/orbitervis/ . 

1.4 Finding more help 

The help files that come with the main Orbiter package are located in the Doc sub-

folder below your main Orbiter directory. Many add -ons will place their own help 

files in the same directory after installation. The Doc\ Technotes folder contain s some 

documents with technical details and background information for in terested readers. 

They are not required for using Orbiter.  

Many people have written documentation and tutorials covering particular aspects of 

Orbiter. Links can be found on the Related sites page of the Orbiter home page. 

A very good introduction to using and understanding Orbiter for beginners (and a 

handy refresher for old-timers) is Bruce Irving's online book Go Play In Space, which 

can be found via a link from the Manual  page on the Orbiter web site. 

The scientific and technical background of space flight is covered in many textbooks 

and online sites. A good introduction is JPL's Basics of Space Flight, or R. Braeunig's 

http://orbit.medphys.ucl.ac.uk/
http://www.orbiter-forum.com/
http://www.orbithangar.com/
http://www.orbiterwiki.org/wiki/Main_Page
http://en.wikipedia.org/wiki/Orbiter_(sim)
http://sourceforge.net/projects/orbitervis/
http://www.jpl.nasa.gov/basics/
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Rocket & Space Technology. Among the many online resources for the general 

mathematics and physics relevant for space flight, you might find the Scienceworld 

site useful, at scienceworld.wolfram.com . 

1.5 Getting started 

If you are a first -time user, it is probably a good idea to have a look at this manual to 

get you off the ground quickly. Ideally, use it together with the simulator. If you donôt 

want to print it, r un Orbiter in window mode (see Section 4.5) and have the manual 

open next to it. 

For installation help, see Section 3. The first time you run Orbiter, you will have to 

configure the video options (Sec. 4.5). Then you are good to go ï see Sec. 4.1 on how 

to select a scenario and launch the simulation. 

To get a feel for Orbiter, you can run some of the pre-recorded flights and tutorials. 

These are the scenarios you find under the Tutorials  and Playback  folders. They 

donôt require any user input, so you can lean back and enjoy the view. 

Once you are ready to take control, have a look at the Quickstart  chapter (Sec. 5). It 

contains step-by-step instructions for takeoff, flight and landing in the futuristic 

Delta-glider.  

Some more complex missions, including a flight from the Kennedy Space Center to 

the International Space Station, can be found in Flight checklists  folder (Sec. 21). 

For an overview of basic spacecraft controls, see Sec. 15. A detailed list of common 

keyboard commands can be found in Sec. 7. 

And once you have made your first steps into orbit, you might want to consult the rest 

of the manual to learn about some of the more advanced details of Orbiter. 

http://www.braeunig.us/space/index.htm
http://scienceworld.wolfram.com/
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2 What is new in Orbiter 2010? 

Improved physics  

Two new atmosphere models for Earth have been added to replace the limited model 

of the 2006 Edition. The new models extend to significantly higher altitudes of 2500 

km (compared to previously 200 km), and they fix the problem of underestimating 

atmospheric density above 100 km. Micro-drag for objects in low Earth orbit is now 

much more realistic and adds new challenges to maintaining orbit stability.  

Support for simulating planetary axis precession has been added. Even though most 

simulation session wonôt last long enough introduce a perceptible change of axis ro-

tation, this featu re will allow to correctly model planet orientations over longer time 

ranges without the need for modifying configuration data.  

New visual features  

Planetary surfaces can now be rendered at significantly higher resolution (2.5 pix-

els/arc second, equivalent to 75 m/pixel for Earth). Despite this, the simulation 

startup time has been reduced thanks to a new load-on-demand mechanism for 

planetary textures. The Orbiter distribution contains an Earth texture package with 

maximum resolution for Florida . 

New options for improved rendering include distance fog, mipmap filtering and ani -

sotropic filtering.  

Embedded scripting capability  

Scripting support, based on the Lua script language, has been added in this version. 

Orbiter now contains plug -in modules and API support for running scripts from 

within the simulation. Scripts can be used for a variety of tasks, such as autopilots, 

mission scripting and interactive tutorials.  

Separation of the graphics and rendering subsystem from the simulation 
core  

The Orbiter code base has been revised to isolate the rendering module from the 

physics simulation. This allows to plug in external graphics clients for improved vis -

ual appearance, or to run Orbiter without graphics support in server mode.  

New 2 -D instrument panel engine  

The new version has improved support for displaying customized vessel instrument 

panels, which provides better scaling and zoom support, and can make use of mesh 

transformation techniques for smooth instrument animations. The included Delta-

glider contains a sample implementation of the new panel interface. The old panel 

style is retained for backward compatibility.  
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3 Installation 

This section lists the computer hardware requirements for running Orbiter, and con -

tains download and installation instructions.  

3.1 Hardware requirements 

The standard Orbiter  distribution requires the following minimum hardware fea -

tures: 

 600 MHz PC or better (Pentium, Athlon, etc.)  

 256 MB RAM or more 

 Windows 98/2000/XP/Vista  

 DirectX 7.0 or higher  

 DirectX compatible 3D graphics accelerator card with at least 16MB of video RAM 

(32MB or more recommended) and DXT texture compression support  

 Approximately 100MB of free disk space for the minimum installation (additional 

high-resolution textures and add-ons will require more space). 

 DirectX compatible joystick (optional)  

Installing high -resolution texture packs or add-ons may have an impact on perform-

ance and can require significantly higher computer and graphics capabilities. 

3.2 Download 

The Orbiter  distribution can be obtained from one of several Orbiter mirror sites on 

the internet. You can find links to these mirrors at t he Download page of the Orbiter 

site, http://orbit.medphys.ucl.ac.uk/ . Orbiter is distributed in several compressed 

software packages (.zip files). The Base package contains the basic Orbiter system 

and is the only required package. All other packages are optional extensions to the 

basic system. 

All package names contain a 6-digit time stamp (YYMMDD) identifying the modi fi -

cation date of the package. For example, orbiter060504_base.zip  contains the base 

package built on May 4, 2006. Note that not all current packages may have the same 

time stamp. In particular, high -resolution planetary texture packages are rarely up-

dated and may have an older time stamp. Check the download pages for the latest 

versions of all packages. 

3.3 Installation 

 Create a new folder for the Orbiter installat ion, e.g. c:\ Orbiter \ Orbiter2010 . 

 If a previous version of Orbiter is already installed on your comput er, you should 

not install the new version into the same folder, because this could lead to file 

conflicts. You may want to keep your old installation until you have made sure that 

the latest version works without problems. Multiple Orbiter installa tions can exist 

on the same computer. 

http://orbit.medphys.ucl.ac.uk/


ORBITER User Manual (c) 2000 -2010 Martin Schweiger 11 

 Download the Base package from an Orbiter download site into your new Orbiter 

folder and unzip it with WinZip or an equivalent utility. Impor tant : Take care to 

preserve the directory structure of the package (for example, in Win Zip this re-

quires to activate the ñUse Folder Namesò option). 

 After unzipping the package, make sure your Orbiter folder contains the executa-

ble (orbiter.exe) and, among other files, the Config, Meshes, Scenarios and Tex-

tures subfolders. 

 Run orbiter.exe. This will bring up the Orbiter ñLaunchpadò dialog, where you can 

select video options and simulation parameters.  

 You are now ready to start Orbiter. Select a scenario from the Launchpad dialog, 

and click the ñLaunch Orbiterò button! 

 
If Orb iter does not show any scenarios in the Scenario tab, or if planets appear 

plain white without any textures when running the simulation, the most likely rea -

son is that the packages were not properly unpacked. Make sure your Orbiter folder 

contains the subfolders as described above. If necessary, you may have to repeat the 

installation process. 

3.4 Uninstall 

Orbiter does not modify the Windows registry or any system resources, so no compli-

cated de-installation process is required. Simply delete the Orbiter f older with all 

contents and subdirectories. This will uninstall Orbiter completely.  



ORBITER User Manual (c) 2000 -2010 Martin Schweiger 12 

4 Before you start: The Launchpad 

Starting Orbiter.exe brings up the Orbiter Launchpad  dialog box. The launchpad is 

your gateway to Orbiter. From here, you can 

 select and launch a simulation scenario 

 set simulation, video and joystick parameters 

 load available plug-in modules to extend the basic Orbiter functionality  

 open the online help system 

 launch the Orbiter simulation window, or  

 exit to the desktop 

Clicking on one of the tab selector buttons along the left edge of the dialog box opens 

the corresponding configuration page. 

Important: Before running Orbiter for the first time, make sure that all simulation 

parameters (in particular the video options) are set correctly.  

When you are ready, select a scenario, and press the "Launch Orbiter" button to jump 

into the simulation.  

4.1 Scenarios tab 

The Scenarios tab allows you to manage and browse the available simulation startup 

scenarios. A "scenario" defines the initial setup of  a simulation session (the date, 

spacecraft positions, velocities and other parameters). 

Tab 
selectors 

Tab area 

Start scenario Launchpad help Exit base 

er 
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The scenario list contains all stored scenarios (including any you created yourself) in 

a hierarchical folder structure. Double -click on a folder to open its contents. Double-

click on a scenario (marked by the red "Delta -glider" icon) to launch it.  

Selecting a scenario or folder 

brings up a short description 

on the right of the dialog box. 

Some scenarios may include 

more detailed information 

that can be viewed by clicking 

the Info  button below the 

description box. 

There are a few special sce-

narios and folders: 

 The (Current state)  

scenario is automati cally 

generated whenever you 

exit the simulator. Use 

this to continue from the latest exit state.  

 The Tutorials  folder contains pre-recorded flights with onscreen annotations 

that explain different aspects and stages of space flight missions. 

 The Playback  folder contains the flights you have recorded with Orbiter's built -

in flight recorder. Launching one of these will start a replay.  

 The Quicksave  folder contains in -game saved scenarios generated by pressing 

. Multiple quicksaves are possible. Orbiter saves the quicksave states un-

der the original scenario name, followed by a quicksave counter. The counter is 

reset each time the simulation is launched, so make sure to copy any scenarios 

you want to keep! 

 The Demo  folder can be filled with scenarios that are automatically run in 

kiosk/demo mode (see Section 22.2). This allows to put together a set of simula-

tions that can be run in unsupervised environments.  

To start the simulation paused:  

Tick the Start paused box to pause the simulation on start. You can resume the si-

mulation by pressing . 

To save your own scenarios:  

After exiting a simulation session, click the Save current button to save the current 

simulation state in a new scenario file. For setting up custom simulation scenarios, 

see also the Scenario Editor Manual  (ScenarioEditor.p df).  

To clear quicksaved scenarios:  

Click the Clear quicksaves button to delete all scenarios stored in the Quicksave 

folder.  
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4.2 Parameters tab 

The Parameters  tab contains 

various options to customise 

the simulation behaviour, 

including realism and 

difficul ty settings, back-

ground star rendering, in -

strument dis play settings, 

and focus mode for dialog 

boxes. 

Realism  

 Complex flight model : 

Select the realism of the 

flight model for 

spacecraft. Tick this box 

to enable the most realistic flight parameters available for all vessel types. 

Disabling this option may activate sim plified flight parameters which make space-

craft easier control for newcomers. Not all vessel types may support this option.  

 Damage and failure simulation : Spacecraft can sustain damage and system 

failure, for example if operational limits are exceeded. Not all vessel types may 

support this option.  

 Limited fuel : Un-tick this box to ignore fuel consumption of your spacecraft.  

 
Some of the more ñrealisticò spacecraft, such as the Space Shuttle, may NOT work 

properly if ñLimited fuelò is not selected, because they rely on the reduction of mass 

during liftoff as a consequence of fuel consumption. 

 Nonspherical gravity sources : This option activates a more complex gravity 

calculation whic h can take into account perturbations in the gravitational poten -

tial due to nonspheri cal object shapes, thus allowing more accurate orbit predic-

tions. Note that this option can make orbital calculations more difficult, and may 

reduce the stability of instruments that donôt take this effect into account. For a 

planet to make use of the perturbation code, its configuration file must contain 

the JCoeff  entry.  For background and technical implementation details please 

refer to the Orbiter Technical Note Doc/Technotes/Gravity . 

 Gravity -gradient torque : If this option is enabled, vessels can experience an 

angular moment in the presence of a gravitational field gradient. This will be no ti -

ceable in particular in low orbits a nd can lead to attitude oscillations around the 

equilibrium or attitude -locked orbits. For background and technical implementa -

tion details please refer to the Orbiter Technical note Doc/Technotes/Distmass . 

Window fo cus mode  

 Focus follows mouse : If this option is ticked, the input focus is switched be -

tween the Orbiter simulation window and any open dialog boxes by moving the 

mouse over the window. If unticked, the focus is switched in normal Windows 

style by clicking the window. 

Technotes/gravity.pdf
Technotes/distmass.pdf
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Stars  

The parameters in this group the number and brightness of background stars dis-

played on the celestial sphere. Orbiter uses the Hipparcos star catalogue with more 

than 105 entries. 

 The "apparent magnitude" is a logarithmic scale describing the brightness of a star as 

seen from Earth. The brightest star (except for the sun), Sirius, has an apparent mag-

nitude of m v = -1.5. The faintest stars visible without instruments are approximately 

of magnitude mv = 6. 

Using a higher magnitude value for the max. brightness setting will render stars 

brighter. Us ing a higher magnitude for the min. brightness setting will increase the 

number of faint stars rendered. Increasing the min. brightness level will make faint 

stars look brighter.  

Using logarit hmic mapping will increase the contrast between bright and faint stars 

to a more realistic level. 

Instruments  

 Transparent MFD : Make the onscreen multifunctional displays transparent. 

This provides a better view of the 3D environment, but makes it more diff icult to 

read the instruments.  

 MFD refresh : Time (in seconds) between MFD updates. Shorter intervals pro-

vide smoother updates, but may degrade performance. Some built-in MFD 

modes, such as the Surface and HSI modes, define a lower limit for the update 

frequency. 

 Panel scale : Sizing factor for instrument panels. Scale 1 provides optimal visual 

quality, but other values may be used to adapt the panel size at low or high screen 

resolutions. 

 Panel scroll speed : Determines how fast the panel can be scrolled across the 

screen [pixels/second]. Negative values invert the panel scroll direction. 

4.3 Visual effects tab 

The Visual effects tab provides options for tuning the rendering parameters and 

graphic detail. These options will improve the visual appearance and realism of the 

simulator, but most of them can have an adverse effect on simulation performance 

(frame rates) when enabled, and may increase video and main memory demands, so 

they should be used with care, in particular on less powerful computers. As a first 

step in troubleshooting Orbiter problems, it is often a good idea to turn off all visual 

effects. 

Note that some advanced rendering options can also be found in the Extra  tab, under 

Visualisa tion para meters. This includes mipmap and anisotropic filte ring options as 

well as the new on-demand texture loading feature. 
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Planetary effects  

 Cloud layers : Render clouds as a separate mesh layer for appropriate planets. 

  

 Cloud shadows : Render cloud shadows cast on the planet surface. Only planets 

whose config files contain a CloudShadowDepth entry < 1 will actually render 

cloud shadows. 

  

Cloud lay-
ers dis-
abled 
(left) and 
enabled 
(right).  

Cloud 
shadows 
disabled 
(left) and 
enabled 
(right).  
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 Horizon haze : Render intensity -graded (ñglowingò) horizon layer for planets 

with atmospheres. 

  

 Distance fog : Apply atmospheric mist and fog effects to distant object when 

viewed through planetary atmospheres. 

  

 Specular water reflections : Render water surfaces on planets with specular 

reflection effects. 

  

 Specular ripples : Generate ñrippleò effect in specular reflections from oceans 

for improved appearance of water surfaces. 

  

Horizon 
haze dis-
abled 
(left) and 
enabled 
(right).  

NEW
! 

Distance 
fog dis-
abled 
(left) and 
enabled 
(right).  

Specular 
water ref -
lections 
disabled 
(left) a nd 
enabled 
(right).  

Specular 
ripples  
disabled 
(left) and 
enabled 
(right).  












































































































































































































































