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reword for Stellarium 1.0

Version 1.0?

More than twenty years have elapsed since Fabien Ch@reau typed the rst lines of code of a desktop
planetarium which should be based on modern algorithms from computer graphics to provide a
trustworthy simulation of the night sky, utilizing OpenGL technology which best runs on dedicated
graphics hardware. What evolved from these rst attempts has turned into a beautiful program
which has been downloaded millions of times to run on desktop computers and notebooks all
around the planet, on various operating systems and in dozens of languages.

In the rst phase of development until around 2012, Stellarium’s look and feel were shaped.
Since the time | rst took notice of the program, around 2008, it had already featured many
functionalities for amateur astronomers or simply laypersons who wanted to know what to expect
when they leave their house. Some user reactions from this time praised its completeness in
observer-speci c features, e.g. the Telescope Control and Oculars plugins, but also its ease of use.
Its Satellites plugin was capable of simulating even Iridium ares, which are however no longer
visible as the satellites have been de-orbited.

Already around 2010 the rst team of developers started to discuss when the zero from the
version number should be dropped. This step is important in software development: a zero version
signals a program in development  having rough corners, may be unstable, may deliver wrong
results or may have other de ciencies. Around version 0.11, the user interface looked almost like
that of today, a good decade later. My stance in all those years was still to keep the zero until
Stellarium’s astronomical accuracy would allow its use for historical research without headaches
or warnings. Stellarium should be a system that at least works as good as other systems deemed

reliable . However, for a long time | always had to warn my peers from the historical domains that
in critical cases results should always be cross-checked with more accurate tools. Cross-checking
still is recommended, but it has become hard to nd tools that were still better and not just based
on the same best professional computational models which we have been starting to use in recent
years. Appendix F provides some more details into this topic.

After the switch to the Qt5 programming foundation for the 0.13 release, most of the rst
developer team, whose work still forms the core of the program, retreated, leaving maintenance



and further development mostly to the two of us, a computer scientist researching in the domain of
cultural astronomy, and another whose daytime job is high school physics teacher. This somewhat
in uenced further development. For simulation of historical sky views, more accurate astronomical
models had to be implemented. | admit, nding my way through the code written by others was not
easy, and despite some institutional support we also cannot invest too much of our time into software
development. | was very happy to nd a few good students, especially Florian Schaukowitsch, at
my former institute at TU Wien, who implemented such unique features as the 3D sceneries, the
RemoteControl and RemoteSync plugins. This allowed me to one time stand amidst huge sarsen
stone replica in front of a 100m? screen with a tablet to initiate the famous summer solstice sunrise
in a special show for children in our exhibition on Stonehenge. In regular operation, a script with
narration, a few arti cial panoramas ( landscapes ) and photo insertions were used to tell the story
onthe 25 4m screen. This was really impressive! My other work to improve the astronomical
features of Stellarium concentrated on replacing, guratively speaking, sprockets by full-grown
gears described in the current scienti c literature, until, nally, in mid-2021 we had a program
that ful lled my demands. Time to drop the zero? Almost!

For more than a decade the Qt programming framework has been the technical foundation
of Stellarium which allows its deployment on multiple platforms. Especially the Qt5 framework,
which uni ed all graphics output utilizing the OpenGL graphics technology, allowed deployment on
Windows, Mac and Linux systems ranging from 2008 Windows XP PCs to the tiny Raspberry Pi 3
or 4 and similar SBC Linux platforms. Windows 7/10 PCs with insuf cient graphics hardware could
utilize Google’s ANGLE library which translated OpenGL ES2.0 (a limited subset of OpenGL
which does everything Stellarium needs) to DirectX. Almost all desktop computer systems were
capable of running Stellarium!

The Qt project has released its next generation of the framework, Qt6, in late 2020. Stellarium
has to follow Qt’s development quite closely, and so we rapidly decided that Stellarium 1.0 still
had to wait until we upgraded the software onto the new Qt6, so that it will be ready for further
development in the coming years.

However, also computer platforms evolve. OpenGL has fallen out of favour for Apple and
Microsoft who favour their own graphics libraries (Metal on macOS, DirectX on Windows), and
Vulkan has been introduced as modernized technical successor of OpenGL. Therefore, the ANGLE
library on Windows is no longer supported with Qt6, and future developments may move away
from OpenGL. For the time being, we continue to use it, though.

Over the past year, we put most effort into this upgrade. Finally, in late summer of 2022,
Stellarium is ready for Qt6. But: is your computer ready for it?

Qt6 has left some computers behind: it requires 64-bit processors. Windows 10 and macOS
11.0 Big Sur are seen as minimum versions of these operating systems. This poleaxes all those
of us who try to keep running e.g. observatory gear with somewhat older or outdated systems or
simply cannot afford the latest hardware. What can we do about this?

The last purely Qt5-based version was version 0.22.2 released at June solstice 2022. For several
years now, the number after the zero has indicated the year of release, and many users have already
dropped the zero mentally when discussing versions. The logical next number for the autumn 2022
release would have been 0.22.3.

In fact, we can still produce Qt5-based builds with the same functionality from the same source
code. But we wanted to base 1.0 on Qt6, right? Yes, and we still do, but not as we had hoped.
We cannot leave behind Qt5 so fast without alienating you, our users!

Instead, we resolved upon the following: We keep the internal series number 0 for Qt5-based
builds, and use series 1 for Qt6-based builds. This is the number which is part of the downloaded
installation package. But is version 1.22.3 better than 0.22.3? Not necessarily. It is the more
modern, sure, but it provides the same astronomical results. It requires more modern hardware



(64-bit and esp. full OpenGL driver support on Windows!), and has tiny differences in the scripting
capabilities (see chapter 17). However, in terms of features, both could be called Version 22.3 .

Just like that? No, sorry. We really want to label this release, which signi es both accurate and
future-proof , as something special. Therefore we give this release the version number 1.0 to mark
Stellarium is nished .

Of course, software is never nished, as over 250 issues on Github still are unresolved, and
we still have ideas for more. The next release, probably due at December solstice 2022, will be
called version 1.1, but then we will go back to year-based numbers like 23.1, 23.2, etc. We will see
from our download counters how much demand will there be from you for future Qt5-based builds
and when it will be time to retire the 0 series.

What changed visibly in version 1.0?

Just as we prepared for this release, our contributor Ruslan Kabatsayev came forward and announced
that his development of a new skylight model has come to a point where it is ready for deployment.
I had followed this development for years with great interest as it really provides a stunning
simulation of twilight colors. So, apart from minor improvements elsewhere, the most notable
change you will be able to enjoy is this new skylight model. Unfortunately though, for technical
reasons, this mode is not available for Apple computers with their peculiar OpenGL implementation.
See chapter 11 for details.

Another notable recent development are contributions of Worachate Boonplod who concentrated
on eclipse and transit predictions in the AstroCalc module (see section 4.6.8). This also combines
superbly with the new eclipse sky simulation!

In the name of all prior and current developers we wish you much enjoyment with this and future
versions of the Stellarium desktop planetarium!

Georg Zotti
September 2022

It has been a long and dif cult road to reach version 1.0...

| joined the team in 2010, rst as translator, then with increasing program contributions, with
translatability for sky cultures the rst main contribution appearing in version 0.10.6. | remember
my rst meeting with other developers in IRC around middle of November 2010, where one item
of the agenda was. .. Releasing version 1.0 . We were very, very optimistic in those days. In our
imagination after version 0.10.6 would be released Stellarium 0.11.0, maybe 0.11.1 and we would
be ready for version 1.0, because the list of features for version 1.0 in Matthew’s list was almost
complete.

Well, the next 12 years we’ve xed thousands of bugs and added hundreds of missing and new
features to really reach the version 1.0. It included a painful time of migration from Qt4 to Qt5, the
time of rewriting many parts of the planetarium, the time of xing the minuscule issues , which in
reality often turned into huge and bloated problems. ..

I’m happy and proud that we have overcome all these troubles and have reached version 1.0!
But this is not the nish, this is just the beginning of another long way. .. My congratulations to all
prior and current community members!

Alexander Wolf
September 2022
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Stellarium is a software project that allows people to use their home computer as a virtual plan-
etarium. It calculates the positions of the Sun and Moon, planets and stars, and draws how the
sky would look to an observer depending on their location and the time. It can also draw the
constellations and simulate astronomical phenomena such as meteor showers or comets, and solar
or lunar eclipses.

Stellarium may be used as an educational tool for teaching about the night sky, as an ob-
servational aid for amateur astronomers wishing to plan a night’s observing or even drive their
telescopes to observing targets, or simply as a curiosity (it’s fun!). Because of the high quality
of the graphics that Stellarium produces, it is used in some real planetarium projector products
and museum projection setups. Some amateur astronomy groups use it to create sky maps for
describing regions of the sky in articles for newsletters and magazines, and the exchangeable sky
cultures feature invites its use in the eld of Cultural Astronomy research and outreach.

Stellarium is under continuous development, and by the time you read this guide, a newer
version may have been released with even more features than those documented here. Check for
updates to Stellarium at the Stellarium website?.

If you have questions and/or comments about this guide, or about Stellarium itself, visit the
Stellarium site at GitHub? or our Google Groups forum?.

Historical notes

Fabien Ch@reau started the project during the summer 2000, and throughout the years found
continuous support by a small team of enthusiastic developers.

Here is a list of past and present major contributors sorted roughly by date of arrival on the
project:

'https://stellarium.org
2https://github.com/Stellarium/stellarium
Shttps://groups.google.com/forum/#1forum/stel larium
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Fabien Ch@reau original creator, maintainer, general development

Matthew Gates maintainer, original user guide, user support, general development

Johannes Gajdosik astronomical computations, large star catalogs support

Johan Meuris GUI design, website creation, drawings of our 88 Western constellations

Nigel Kerr Mac OSX port

Rob Spearman funding for planetarium support

Barry Gerdes user support, tester, Windows support. Barry passed away in October 2014 at age
80. He was a major contributor on the forums, wiki pages and mailing list where his good
will and enthusiasm is strongly missed. RIP Barry.

Timothy Reaves ocular plugin

Bogdan Marinov GUI, telescope control, other plugins

Diego Marcos SVMT plugin

Guillaume Ch@reau display, optimization, Qt upgrades, HiPS surveys

Alexander Wolf maintainer, DSO catalogs, AstroCalc module, user guide, general development

Georg Zotti astronomical computations, Scenery 3D plugin, ArchaeoLines and Calendars plugins,
general development, user guide, user support

Marcos Cardinot MeteorShowers plugin

Florian Schaukowitsch Scenery 3D plugin, Remote Control plugin, RemoteSync plugin, OBJ
rendering, Qt/OpenGL internals

Teresa Huertas Rold£n Planetary nomenclature

Jocelyn Girod Observing Lists

Ruslan Kabatsayev ShowMySky Skylight model (based on Bruneton’s model)

Worachate Boonplod Eclipse computations

Unfortunately time is evolving, and most members of the original development team are no
longer able to devote most of their spare time to the project (some are still available for limited
work which requires speci ¢ knowledge about the project).

As of 2017, the project’s maintainer is Alexander Wolf, doing most maintenance and regular
releases. He has also introduced the AstroCalc module. Other new features are contributed mostly
by Georg Zotti and his team focusing on extensions of Stellarium’s applicability in the elds of
historical and cultural astronomy research (which means Stellarium is getting more accurate) and
outreach (making it usable for museum installations), but also on graphic items like comet tails,
light pollution artwork or the Zodiacal Light.

A detailed track of development can be found in the ChangeLog le in the installation folder. A

few important milestones for the project:

2000 rst lines of code for the project

2001-06 rst public mention (and user feedbacks!) of the software on the French newsgroup
fr.sci.astronomie.amateur *

2003-01 Stellarium reviewed by Astronomy magazine

2003-07 funding for developing planetarium features ( sheye projection and other features)

2005-12 use accurate (and fast) planetary model

2006-05 Stellarium Project Of the Month on SourceForge

2006-08 large stars catalogs

2007-01 funding by ESO for development of professional astronomy extensions (VirGO)

2007-04 developers’ meeting near Munich, Germany

2007-05 switch to the Qt4 library as main GUI and general purpose library

2009-09 plugin system, enabling a lot of new development

4https://groups.google.com/d/topic/fr.sci.astronomie.amateur/0T7K8yogRl1/disc
ussion
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2010-07 Stellarium ported on Maemo mobile device

2010-11 arti cial satellites plugin

2014-06 high quality satellites and Saturn rings shadows, normal mapping for moon craters

2014-07 v0.13.0: adapt to OpenGL evolutions in the Qt5 framework, now requires more modern
graphic hardware than earlier versions

2015-04 v0.13.3: Scenery 3D plugin

2015-10 v0.14.0: Accurate precession

2016-07 v0.15.0: Remote Control plugin

2016-12 v0.15.1: DE430&DE431, AstroCalc, DSS layer, and Stellarium acting as SpoutSender

2017-06 v0.16.0: Remote Sync plugin, polygonal OBJ models for minor bodies, RTS2 telescope
support

2017-09 v0.16.1: Standard and extended DSO catalog, new subcatalogues for DSO

2017-12 v0.17.0: Nomenclature labels for planets and moons, INDI telescope support

2018-03 v0.18.0: Multiple image surveys

2019-12 v0.19.3: ASCOM telescope support

2020-09 v0.20.3: Accurate seasons’ beginnings

2021-03 v0.21.0: Accurate planet rotation (Libration, central meridians, subsolar points, ...)

2021-09 v0.21.2: Annual aberration, DE440&441. Accuracy goals reached.

2022-10 Stellarium 1.0: Switch to Qt6, ShowMySky skylight model, Eclipse details.

Version Numbers

Since its inception, Stellarium’s version number had started with O to indicate work in progress .
The numbers after that have followed a year.release convention with approximately seasonal
releases since 2018. (For example, 0.18.2 was the third release in 2018 which appeared around
autumn equinox, after 0.18.0 and 0.18.1.) If needed urgently, there can be additional releases which
however break the simple season count.

A software version number of 1.0 signi es a milestone of some sort, like completion of a
particular original feature set, usability, or stability. With the completion of the original accuracy
issues in 2021 we felt it was time to nally change version number to 1. However, a major technical
update in the underlying Qt framework also forced some technical changes upon us to ensure
Stellarium will remain working in the later 2020s, and therefore we decided to base the 1.* series
on the new version of Qt.

Qt6 does not support old hardware, particularly 32-bit systems will not be able to run 1.*
versions. Therefore, we are going to keep both series alive for those with older hardware. Thanks to
only minor differences in the underlying frameworks, both series should retain feature equivalence.
The only notable difference for now lied in the Scripting functionality (see chapter 17). Our

internal version numbers therefore indicated which version of Qt was used: series 0.* continued
to be based on Qt5, and series 1.* was based on Qt6.

In 2023 we’ve changed the numbering scheme again to avoid new misunderstandings. Our

internal version has a standard of 3 components®, where the st indicates the two last digits of the
year of release, the second is the release within that year (0 is used before rst release, from January
to March) and the last one can be 0 for releases, or the day number of the current year for snapshots.
Our short ( public ) version has 2 components: year and number of the release. Example: the rst
release in year 2023 has version 23.1.0 and short (public) version 23.1, the series has number 23.0.

In addition to the version number we are adding the name component qtX, where X is 5 or 6
respectively and marks the major version of Qt which is used as the base for the package.

50n Windows it has 4 components, where the last one is always 0.
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Acknowledgements

Stellarium has been kindly supported by ESA in their Summer of Code in Space initiatives, which
so far has resulted in better planetary rendering (2012), the Meteor Showers plugin (2013), the web-
based remote control and an alternative solution for planetary positions based on the DE430/DE431
ephemeris (2015), the RemoteSync plugin and OBJ models (2016), and the planet nomenclature
labels (2017). Some of Georg’s work of 2015 2023 was supported by the Ludwig Boltzmann
Institute for Archaeological Prospection and Virtual Archaeology, Vienna, Austria.

Scienti c use

Stellarium has gained wide popularity in the research areas of cultural astronomy. Please note
limitations of Stellarium mentioned in Appendix F. If you used Stellarium in scienti ¢ work, please
cite our overview paper (Zotti, S. Hoffmann, et al., 2021) or those mentioned in the respective
feature descriptions.

About this User Guide

This guide is based on the user guide written by Matthew Gates for version 0.10 around 2008.
The guide was then ported to the Stellarium wiki and continuously updated by Barry Gerdes
and Alexander Wolf up to version 0.12. Unfortunately, some new features were not properly
documented in the wiki, and generally, without Barry the wiki started to fall out of sync with the
actual program. In late 2015 we (Alexander and Georg) started porting the texts back to IATEX and
updated and added information where necessary, or wrote new chapters for the features which were
introduced in the last years. We feel that a single book is the better format for of ine reading. The
PDF version of this guide has a clickable table of contents and clickable hyperlinks.

These new editions of the Guide (since v0.15) do not contain notes about using earlier versions
than 0.13 or using very outdated hardware. Some references to previous versions may still be made
for completeness, but if you are using earlier versions of Stellarium for particular reasons, please
use the older guides.
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2.1 System Requirements

Stellarium has been seen to run on most systems where Qt5 is available, from tiny ARM computers
like the Raspberry Pi 2/3/4 or Odroid C1 to big museum installations with multiple projectors and
planetaria with sh-eye projectors. The most important hardware requirement is a contemporary
graphics subsystem.

2.1.1  Minimum

Linux/Unix; Windows 7 and later; macOS 10.15 and later!

3D graphics capabilities which support OpenGL 3.0 (2008 GeForce 8xxx and later, ATI/AMD
Radeon HD-2xxx and later; Intel HD graphics (Core-i 2xxx and later)) or OpenGL ES 2.0
(e.g., ARM SBC:s like Raspberry Pi 2/3/4). On Windows, some older cards may be supported
via ANGLE when they support DirectX9.

Screen resolution 1024 7682

512 MB RAM

250 MB free on disk

Keyboard

2.1.2 Recommended
Linux/Unix; Windows 10 and later; macOS 11.0 and later

Iwindows 10 and macOS 11.0 is minimal for Qt6-based Stellarium.
20n Linux, an 800 600 screen can still be used by scaling the desktop e.g. to 1200  900:

| xrandr --output HDMI-1 --scale 1.5x1.5
To reset after running Stellarium, run

| xrandr --output HDMI-1 --scale 1x1
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3D graphics card which supports OpenGL 3.3 or higher

FullHD (1920 1080 or 1920 1200) or larger screen.®

1 GB RAM or more

1.5 GB free on disk (About 3GB extra required for the optional DE430/DE431 les).
Keyboard and mouse or equivalent device (e.g. touchpad)

A dark room for realistic rendering  details like the Milky Way, Zodiacal Light or star
twinkling can’t be seen in a bright room.

Downloading

Download the correct package for your operating system directly from the main page,
https://stellarium.org. An archive of all available versions is available at our GitHub page
https://github.com/Stellarium/stellarium/releases.

Installation

Windows

1. Double click on the installer le you downloaded:
stellarium-24._4-win64.exe for 64-bit Windows 7 and later.
stellarium-24.4-win32.exe for 32-bit Windows 7 and later.

2. Follow the on-screen instructions.

Unattended Install/Uninstall
The installation program allows for unattended installation (e.qg., for lab setups) following of cial
documentation®.

You can uninstall the program like any other program from the Applications list in the system
control panel. The uninstaller asks if you want to remove (delete) all your Stellarium user data. Be
sure to answer NO when you plan to re-use landscapes, 3D sceneries and the like. For unattended
uninstallation in larger setups, also the uninstaller can be called with additional options, which will
keep the user data.

|"C:\Program Files[ (x86)]\Stellarium\unins000.exe"™ /VERYSILENT /SUPPRESSMSGBOXES

macOS

1. Locate the downloaded Stellarium le in Finder (Stellarium will be automatic unpack
from archive by operating system after downloading).
2. Drag Stellarium to the Applications folder.

Linux

Check if your distribution has a package for Stellarium already  if so you’re probably best off
using it. If not, you can download and build the source.

For Ubuntu Linux we provide a package repository with the latest stable releases. Open a
terminal and type:

sudo add-apt-repository ppa:stellarium/stellarium-releases
sudo apt-get update
sudo apt-get install stellarium

3HiDPI screens may work, but show occasional platform-dependent issues.
4https://documentation.help/Inno-Setup/topic_setupcmdline.htm
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You can also download and run universal binary packages for linux systems: at® or snap®.

Raspberry Pi 2/3/4
These tiny ARM-based computers are very popular for small and energy-ef cient applications
like controlling push-to Dobsonians. Stellarium requires Mesa 17 or later, available in the current
Raspbian OS. To set up a Raspberry Pi 2 or 3 with Raspbian Buster for use with Stellarium, activate
the OpenGL driver in raspi-con g. The latest Raspberry Pi 4 comes with this driver by default
and can even drive two HiDPI screens.

You must build Stellarium from sources. Please follow instructions from the wiki’.

For Ubuntu 16.04 LTS, follow instructions®.

Note that as of December 2019 the 3D planets do not work on Raspberry Pi 2/3, and DSS or
HiPS surveys seem to cause issues after a while.

Running Stellarium

Windows

The Stellarium installer creates a whole list of items in the Start Menu under the Programs/Stel-
larium section. The list evolves over time, not all entries listed here may be installed on your
system. Select one of these to run Stellarium:
Stellarium OpenGL version. This is the most ef cient for modern PCs and should be used
when you have installed appropriate OpenGL drivers. Note that some graphics cards are
blacklisted by Qt to immediately run via ANGLE (Direct3D), you cannot force OpenGL in
this case. This should not bother you.
Stellarium (ANGLE mode) Uses Direct3D translation of the OpenGL rendering via ANGLE
library. Forces Direct3D version 9.°
Stellarium (ANGLE WARP mode) Uses DirectX3D 11 software rendering via ANGLE library.
This should work on any PC without dedicated graphics card.®
Stellarium (MESA mode) Uses software rendering via MESA library. This should work on any
PC without dedicated graphics card.
Stellarium (200%) On some systems with 4k screens, Stellarium appears too small. This link
forces an upscaling.
If for some reason Stellarium’s dialogs and buttons appear too large, and you want to scale
them down, edit the link and change the scaling parameter.
On startup, a diagnostic check is performed to test whether the graphics hardware is capable of
running. If all is ne, you will see nothing of it. Else you may see an error panel informing you
that your computer is not capable of running Stellarium ( No OpenGL 2 found ), or a warning
that there is only OpenGL 2.1 support. The latter means you will be able to see some graphics,
but depending on the type of issue you will have some bad graphics. For example, on an Intel
GMAA4500 there is only a minor issue in Night Mode, while on other systems we had reports of
missing planets or even crashes as soon as a planet comes into view. If you see this, try running in
Direct3D 9 or MESA mode, or upgrade your system. The warning, once ignored, will not show
again.
When you have found a mode that works on your system, you can delete the other links.

Shttps://flathub.org/apps/details/org.stellarium.Stellarium

https://snapcraft.io/stellarium-daily

"https://github.com/Stellarium/stel larium/wiki/Raspberry-Pi

8https://ubuntu-mate.community/t/tutorial-activate-opengl-driver-for-ubuntu-m
ate-16-04/7094

9Stellarium series 0.* and Qt5-based builds only
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macOS
Double click on the Stellarium application. Add it to your Dock for quick access.

Linux

If your distribution had a package you’ll probably already have an item in the GNOME or KDE
application menus. If not, just open a terminal and type stellarium.

Troubleshooting

Stellarium writes startup and other diagnostic messages into a log le. Please see section 5.3 where
this le is located on your system. This le is essential in case when you feel you need to report a
problem with your system which has not been found before.

At startup also a few pop-up windows may appear with information about possible troubles or
warnings to make those messages more visible for users.

On some Intel UHD systems users may see the screen blanking when Stellarium is working

the startup of the program with --single-buffer parameter can help here. The same option also
helps when on an Nvidia system tooltips don’t appear in fullscreen mode.

On some older or weak systems, the option --low-graphics may be required. This forcefully
disables advanced graphics features of OpenGL 3.3 which otherwise would slow down or cause
other issues on such systems.

If you don’t succeed in running Stellarium, please see the online forum'°. It includes FAQ
(Frequently Asked Questions, also Frequently Answered Questions) and a general question section
which may include further hints. Please make sure you have read and understood the FAQ before
asking the same questions again.

Onhttps://github.com/Stellarium/stellarium
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Figure 3.1: Stellarium main view. (Combination of day and night views.)

When Stellarium rst starts, we see a green meadow under a sky. Depending on the time of day, it
is either a day or night scene. If you are connected to the Internet, an automatic lookup will attempt
to detect your approximate position.t

1See section 4.2 if you want to switch this off.
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At the bottom left of the screen, you can see the status bar. This shows the current observer
location, vertical eld of view (FOV), graphics performance in frames per second (FPS) and the
current simulation date and time. If you move the mouse over the status bar, it will move up to
reveal a tool bar which gives quick control over the program.

The rest of the view is devoted to rendering a realistic scene including a panoramic landscape
and the sky. If the simulation time and observer location are such that it is night time, you will see
stars, planets and the moon in the sky, all in the correct positions.

You can drag with the mouse on the sky to look around or use the cursor keys. You can zoom
with the mouse wheel or the [Page1 or [Page || keys.

Much of Stellarium can be controlled very intuitively with the mouse. Many settings can
additionally be switched with shortcut keys (hotkeys). Advanced users will learn to use these
shortcut keys. Sometimes a key combination will be used. For example, you can quit Stellarium by
pressing [Ctrl]+[ Q | on Windows and Linux, and [ $8 ]+ Q ] on Mac OS X. For simplicity, we will
show only the Windows/Linux version. We will present the default hotkeys in this guide. However,
almost all hotkeys can be recon gured to match your taste. Note that some listed shortkeys are only
available as key combinations on international keyboard layouts, e.g., keys which require pressing
on a German keyboard. These must be recon gured, please see 4.8 for details.

The way Stellarium is shown on the screen is primarily governed by the menus. These are
accessed by dragging the mouse to the left or bottom edge of the screen, where the menus will slide
out. In case you want to see the menu bars permanently, you can press the small buttons right in the
lower left corner to keep them visible.

Time Travel

When Stellarium starts up, it sets its clock to the same time and date as the system clock. However,
Stellarium’s clock is not xed to the same time and date as the system clock, or indeed to the
same speed. We may tell Stellarium to change how fast time should pass, and even make time
go backwards! So the rst thing we shall do is to travel into the future! Let’s take a look at the
time control buttons on the right hand ride of the tool-bar. If you hover the mouse cursor over the
buttons, a short description of the button’s purpose and keyboard shortcut will appear.

Button Shortcut key Description

Sl

Decrease the rate at which time passes

Make time pass as normal

Increase the rate at which time passes

< B

4
»

Return to the current time & date

Table 3.1: Time Travel

OK, so lets go see the future! Click the mouse once on the increase time speed button » |
Not a whole lot seems to happen. However, take a look at the clock in the status bar. You should
see the time going by faster than a normal clock! Click the button a second time. Now the time is
going by faster than before. If it’s night time, you might also notice that the stars have started to
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move slightly across the sky. If it’s daytime you might be able to see the sun moving (but it’s less
apparent than the movement of the stars). Increase the rate at which time passes again by clicking
on the button a third time. Now time is really ying!
Let time move on at this fast speed for a little while. Notice how the stars move across the sky.
If you wait a little while, you’ll see the Sun rising and setting. It’s a bit like a time-lapse movie.
Stellarium not only allows for moving forward through time  you can go backwards too! Click

on the real time speed button P | The stars and/or the Sun should stop scooting across the sky.

Now press the decrease time speed button IE once. Look at the clock. Time has stopped. Click
the decrease time speed button four or ve more times. Now we’re falling back through time at
quite a rate (about one day every ten seconds!).

Time Dragging, Time Scrolling

Another way to quickly change time is time dragging. Press , press the left mouse button, and
slide the mouse along the direction of daily motion to go forward, or to the other direction to go
backward.

Similarly, pressing and scrolling the mouse wheel will advance time by minutes, pressing
(Cull+[ 1T ] and scrolling the mouse wheel will advance time by hours, [Ctrl]+[Alt] by days, and nally
[Ctrl]+[ 1T ]+[Alt] by calendar years.

Enough time travel for now. Wait until it’s night time, and then click the real time speed button

» | If all works as intended you will now be looking at the night sky.

3.2 Moving Around the Sky

Key Description

Cursor keys Pan the view left, right, up and down
[PagetlfPagel], [Ctrl]+[ 1 fCtrl]+[ L] Zoom in and out

Left mouse button Select an object in the sky

Right mouse button, [Ctrl]+[ | Clear selected object

Centre mouse button (wheel press)  Centre selected object and start tracking
Mouse wheel Zoom in and out

[ ] Centre view on selected object
Forward-slash () Auto-zoom in to selected object
Backslash ([ \ ) Auto-zoom out to original eld of view

+

Look towards North (keep altitude)
Look towards East (keep altitude)

Look towards South (keep altitude)
Look towards West (keep altitude)

Look towards Zenith (south down)
Look towards North Celestial Pole
Look towards South Celestial Pole

+

+

SEEEEEE
EERERLHE

+

¥+
¥
aa

+

Table 3.2: Moving Around the Sky
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Hotkey Field of view || Hotkey Field of view
Cw-At-(1] 180 | [Cull[AL}[6) 10
Ctrl|+| Alt + 90 ++ 5
++ 60 + Alt + 2
Cul-[A 4 45 | [Cul- AL o] 1
Crrl|+[Alt]+[ 5 | 20 || [cul)+[Alt]+[ 0] 0.5

Table 3.3: Hotkeys to set xed vertical elds of view

As well as travelling through time, Stellarium lets you look around the sky freely, and zoom in
and out. There are several ways to accomplish this, listed in table 3.2.

Let’s try it. Use the cursors to move around left, right, up and down. Zoom in a little using
the key, and back out again using the [Pagel]. Press the [ \ | key and see how Stellarium
returns to the original eld of view (how zoomed in the view is), and direction of view.

If you prefer stepwise zooming to xed values for eld of view, table 3.3 lists the keys to reach
a certain eld of view.

Most users prefer to move around using the mouse. If you left-click and drag somewhere on
the sky, you can pull the view around.

Another method of moving is to select some object in the sky (left-click on the object), and
press the key to centre the view on that object. Similarly, selecting an object and pressing
the forward-slash key will centre on the object and zoom right in on it.

The forward-slash and backslash keys auto-zoom in and out to different zoom levels
depending on what is selected. If the object selected is a planet or moon in a sub-system with a lot of
moons (e.g. Jupiter), the initial zoom in will go to an intermediate level where the whole sub-system
should be visible. A second zoom will go to the full zoom level on the selected object. Similarly, if
you are fully zoomed in on a moon of Jupiter, the rst auto-zoom out will go to the sub-system
zoom level. Subsequent auto-zoom out will fully zoom out and return the initial direction of view.
For objects that are not part of a sub-system, the initial auto-zoom in will zoom right in on the
selected object (the exact eld of view depending on the size/type of the selected object), and the
initial auto-zoom out will return to the initial FOV and direction of view.

If you have a touch screen, you can even use one nger directly to drag the sky around and
select objects, and two ngers to zoom. The support for touch screens is incomplete though, and
more advanced use of the program requires the classical operation with keyboard and mouse.

The Main Tool Bar

Stellarium can do a whole lot more than just draw the stars. Figure 3.2 shows some of Stellarium’s
visual effects including constellation line and boundary drawing, constellation art, planet hints, and
atmospheric halo around the bright Moon. The controls in the main tool bar provide a mechanism
for turning on and off the visual effects.

When the mouse is moved to the bottom left of the screen, a second tool bar becomes visible.
All the buttons in this side tool bar open and close dialog boxes which contain controls for further
con guration of the program. The dialogs will be described in the next chapter.

Table 3.4 describes the operations of buttons on the main tool bar and the side tool bar, and
gives their default keyboard shortcuts.
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Figure 3.2: Night scene with constellation artwork and moon.

Feature Button Hotkey Description

Constellations N Draw constellations as stick g-
ures

Constellation Names I"IT‘ Draw name of the constellations

Constellation Art 2 (R) Superimpose artistic representations
of the constellations

Constellation Boundaries 151 Draw boundaries of the constella-

Equatorial Grid

Azimuth Grid

Galactic Grid

Equatorial J2000 Grid

Ecliptic Grid

® @ @

S
FloT
A)F,
tind/

B

HH

tionst
Draw grid lines for the equatorial
coordinate system (RA/Dec)

Draw grid lines for the horizontal
coordinate system (Alt/Azi)

Draw grid lines for the galactic coor-
dinate system (Long/Lat)*

Draw grid lines for the equatorial
coordinate system at standard epoch
J2000.0 (RA/Dec) *

Draw grid lines for the ecliptic coor-
dinate system of date (Long/Lat)*
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Toggle Ground

Toggle Cardinal Points

Toggle Compass Marks

Toggle Atmosphere

Deep-Sky Obijects

Planet Hints

Nebula images

Digitized Sky Survey

Hierarchical Progressive Surveys

Coordinate System

Center

Night Mode

Full Screen Mode
Bookmarks

Flip view (horizontal)

Flip view (vertical)

Quit Stellarium

Help Window

Con guration Window

Search Window

)

o

>

SR

(Cur+ [k D
G+

_—
Cu ]

F11

(Alt]+[ B |
(Gt} [T )+[H]

(Gl [TV
CHl+(Q)

Toggle drawing of the ground. Turn
this off to see objects that are below
the horizon.

Toggle marking of the North, South,
East and West points on the horizon.

Toggle degree marks along the hori-
zon.

Toggle atmospheric effects. Most
notably makes the stars visible in the
daytime.

Toggle marking the positions of
Deep-Sky Obijects.

Toggle indicators to show the posi-
tion of planets.

Toggle nebula images .1

Toggle Digitized Sky Survey
(TOAST).!

Toggle Hierarchical Progressive
Surveys .

Toggle between horizontal (Alt/Azi)
& equatorial (RA/Dec) coordinate
systems.

Center the view on the selected ob-
ject
Toggle night mode , which applies

a red-only lter to the view to be
easier on the dark-adapted eye.

Toggle full screen mode.
Toggle bookmarks window.*

Flip the image in the horizontal
plane.

Flip the image in the vertical plane.

Close Stellarium.

Show the help window, with key
bindings and other useful informa-
tion

Show the con guration window

or[Ctrl)+[ F |  Show the object search window
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View Window iﬁ Show the view window

Time Window @ Show the time window

Location Window po 4 Show the observer location window
(map)

AstroCalc Window F10 Show the astronomical calculations
window

Table 3.4: Stellarium’s standard menu buttons. Those marked !
must be enabled rst, see section 4.3.5.

Taking Screenshots

You can save what is on the screen to a le by pressing [Ctrl]+[ S |. Screenshots are taken in
PNG format, and have lenames like stellarium-000.png, stellarium-001.png (the number
increments to prevent overwriting existing les).

The screenshots are stored to a directory depending on your operating system, see section 5.1
Files and Directories. See also section 4.3.5 for more screenshot options.

Observing Lists (Bookmarks)

You can store your favourite objects or views in observing lists. Press [Alt]+[ B | or to call up

the dialog. A bookmarks le from previous versions will be imported and converted to the new
format. You can however create an arbitrary number of lists.

The list display shows all entries from the current list. A double click on an entry selects the
object. To add/remove an object to/from the list, press [Edit list. This changes the view. Highlight
(select) your object in the sky and press [Add object|. To remove an object from a list, select its

entry in the list and press [Remove object|

Sometimes storing the object alone is not enough. Interesting views like planet conjunctions or
eclipses require at least a time entry, if not a particular location. Likewise, the displayed landscape
may be nice to restore. Additionally, the eld of view may be relevant. To store these data and later
retrieve them, use the respective checkboxes.

You can also export the current list or all lists with the according button, or import such an
exported list on another system. To export the current list, keep the default .sol le type in the
lename dialog. To export all your lists, use the .ol le type in the lename dialog. Lists are
identi ed with an Universally Unique Identi er (UUID) which we call OLUD (Observing List
Unique Identi er). On importing a list, existing lists with the same OLUD may be replaced after
a warning. During editing, storing a list with an existing name is prevented. The list import may
however import a list with an existing name as long as the OLUD is different. You may want to
change one of the duplicate list names after import. To transfer all your lists to another system,
export them as .ol le, or copy, rename and import (or just copy, to replace the existing) the full
le observingLists. json from the data/ subdirectory of your user directory (see section 5.1).
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Custom Markers

You can set temporary markers anywhere in the screen. These may be useful for various purposes

but cannot be stored.

Actions

Description

& left click
& right click
(Alt)+[ 1] & right click

Add custom marker
Delete the one closest marker to mouse cursor
Delete all custom markers

Copy Information

If you have selected an object and want to use the displayed information elsewhere, you may
want to copy it to the system clipboard with [Ctrl]+ 1T |+[ C . In case you want to use its numbers
elsewhere, please see Appendix F for known accuracy limitations.
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This chapter describes the dialog windows which can be accessed from the left menu bar.

Most of Stellarium’s settings can be changed using the view window (press iﬂ or[F4)) and

the con guration window (| " |or ). Most settings have short labels. To learn more about some

settings, more information is available as tooltips, small text boxes which appear when you hover
the mouse cursor over a button.!

You can drag the windows around, and the position will be used again when you restart
Stellarium. If this would mean the window is off-screen (because you start in windowed mode, or
with a different screen), the window will be moved so that at least a part is visible.

Some options are really rarely changed and therefore may only be con gured by editing the
con guration le. See 5.4 The Main Con guration File for more details.

4.1 Setting the Date and Time

Date and Time

Date and Time Julian Day

2016 ,/ 7 f 25 15 : 58 : 57

Figure 4.1: Date and Time dialog

In addition to the time rate control buttons on the main toolbar, you can use the date and time
window (open with the | & |button or (F5)) to set the simulation time. The values for year, month,

lUnfortunately, on Windows 7 and later, with some Nvidia and AMD GPUs in OpenGL mode, these
tooltips sometimes do not work.
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day, hour, minutes and seconds may be modi ed by typing new values, by clicking the up and down
arrows above and below the values, and by using the mouse wheel.

The other tab in this window allows you to see or set Julian Day and/or Modi ed Julian Day
numbers (see 18.4.2).

Setting Your Location

Figure 4.2: Location window

The positions of the stars in the sky is dependent on your location on Earth (or other planet) as well
as the time and date. For Stellarium to show accurately what is (or will be/was) in the sky, you
must tell it where you are. You only need to do this once Stellarium can save your location so
you won’t need to set it again until you move.

After installation, Stellarium uses an online service which tries to nd your approximate
location based on the IP address you are using. This seems very practical, but if you feel this causes
privacy issues, you may want to switch this feature off. You should also consider switching it off
on a computer which does not move, to save network bandwidth.

To set your location more accurately, or if the lookup service fails, press to open the
location window (Fig. 4.2). There are a few ways you can set your location in this dialog:

1
2.

Just click on the map.

Search for a city where you live using the search edit box at the top right of the window, and
select the right city from the list.

Click on the map to Iter the list of cities in the vicinity of your click, then choose from the
shortlist.

Enter a new location using the longitude, latitude and other data.

Click on |Get Location from GPS| if you have a GPS receiver. You activate a periodic request
for GPS xes. After a few seconds, the button should change color and give a textual
feedback. Green indicates a good location X, yellow indicates a 2D- x only, which means
altitudes are not available. (Leave the GPS device running for a few minutes and/or search a
place with better sky view.) You could leave it running if you are operating a fast-moving
observatory platform, but rather switch it off when you see a good X, so that other programs
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can use the serial GPS connection. Red signals an error, and further positions are not
retrieved but the button is reset. You may press the button again to start over.

Sometimes you have to try several times or let it run for a while to get a green button
indicating a valid 3D x including altitude. See section 5.5.4 for con guration details.

On Windows, if there is no GPS device, a system location service will be queried as fallback.

If you want to use the current location permanently, click on the use as default checkbox, disable
Get location from Network , and close the location window.
Two settings may in uence the landscape when changing locations:

Auto select landscapes When changing the planet, a tting landscape panorama will be shown
when available. Also, when clicking on the earth map, a zero-altitude landscape is displayed
in the approximate color of that location (taken from the map).

Auto-enable atmosphere When changing planet during location change, the atmosphere will be
switched as required.

As a reverse functionality, loading landscapes may also change location. See section 4.4.5.

Time Zones

Locations in Stellarium’s location database include their respective time zone. When you click on a
location in the list, the time should be shown in the respective time zone. If daylight time rules exist
and you have selected Enable daylight saving time , also this abomination of modern civilisation
is respected. Most users will require to have this setting active.

When you select Use custom time zone , you can select other time zones. Those that start
with UTC have no daylight time rules.

Time zones were introduced in the 19th century, originally for purposes of railway traf ¢
synchronization. The rst such action was taken in 1847, and therefore Stellarium by default will
present Local Mean Solar Time (LMST) for dates before 1847, and ignore all con gured time
zones unless you deliberately activate Use custom time zone . The history of time zones and their
rules is very complicated, though, and Stellarium should not be expected to nd the exact date
when time zone use was introduced at a certain location or country. Just be sure to use LMST when
replaying historical observations before the 20th century.

For even earlier observations, you can also set Local True Solar Time (LTST), which is the
time given by sundials. Here, 12 o’clock is the time when the sun transits the meridian, strictly,
daily. The difference between LMST and LTST is called equation of time. See section 13.2 for
more information.

When you click on the map to set your location, Stellarium has currently no way to guess the
timezone of the coordinate pair. In this case, Local Mean Solar Time is presented, which only
depends on longitude and was the normal time before the development of time zones. Either
select a city from the list or manually select a time zone.

Geographical Regions

The world is split into political entities called countries . Humans have an unappealing tendency
of ghting over the question to which country some territories should be counted. Stellarium is an
astronomy program which labels coordinates of locations like cities with a name. Earlier editions

of Stellarium used countries as further superordinate entities to locations for identi cation purposes.

In consequence to much unnecessary and unfriendly discussion we decided to completely drop the

petty-minded assignment of political country names to locations in favour of geographical regions.

There is only one known habitable planet, one humankind, and one sky. Stellarium users should
overcome borders!
For the region classi cation of sky cultures we use the same regions (see 9.1.4), and we

v1.0

v 23.2
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follow the UN M49 geoscheme? with extensions for other planets.

Observers

In the list of Planets you can nd entries called Solar System Observer, Jupiter Observer and
similar for each major planet that has moons: Earth, Mars, Jupiter, Saturn, Uranus, and Neptune.
These are specialized locations. When switching to them, you will nd yourself looking onto the
respective observed object (Sun, Jupiter, ...) from somewhat above the plane of the Solar system.
By pressing [Alt|+[ < J{Alt)+[ = | you can rotate around a vertical axis through the observed object.
Likewise, by pressing [Alt]+[ T J{Alt]+[ L ]you can change the latitude of observation. Finally, with
(Alt]+[Home /[ Alt]+[End| you can change the distance from the observed object.

The Con guration Window

The con guration window contains general program settings, and many other settings which do not
concern speci ¢ display options. Press the tool button| &* |or[F2]to open.

The Main Tab

L

Main

Figure 4.3: Con guration Window: Main Tab

The Main tab in the con guration window (Fig. 4.3) provides controls for changing separately
the program and sky culture languages.

The next setting group allows to enable using DE430/DE431 and DE440/DE441 ephemeris

les. These les have to be installed separately. Most users do not require this. See section 5.5.3 if
you are interested.

The tab also provides the buttons for saving the current view direction as default for the next
startup, and for saving the program con guration: most display settings have to be explicitly stored
to make a setting change permanent. If you prefer, you can activate Immediate Save|. Then all
settings changes will be stored immediately and the program will use them the next time you launch
it. Language and font settings have to be stored explicitly with the buttons next to their settings to
protect you from unwanted surprises. To permanently set this mode, use a nal time.

Zhttps://unstats.un.org/unsd/methodology/m49/
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4.3.2 The Information Tab

0

information

Figure 4.4: Con guration Window: Information Tab

The Information tab (Fig. 4.4) allows you to set the type and amount of information displayed
about a selected object.
Ticking or unticking the relevant boxes will control this.
The information displays in various colors depending on the type and level of the stored data

4.3.3 The Extras Tab

Figure 4.5: Con guration Window: Extras Tab

The Extras tab (Fig. 4.5) allows you to customize information displayed about a selected object,
download more star catalogs and also allows to hide or show additional buttons in the lower button
bar.
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Customization of information displays

The information display can be tweaked a bit with the options found in the GUI section Additional
information settings .

Use mag/arcsec 2 for surface brightness instead of mag/arcmin 2.

Short notation for units of surface brightness symbolic abbreviation.

tabular output for coordinates and time uses a more eye-friendly layout.

Azimuth from South Some users may be used to counting azimuth from south.

Use decimal degrees You can toggle usage of decimal degree format for coordinates.
Designations for celestial coordinate systems Use symbols like a;d instead of textual labels.

Customization of button visibility on bottom toolbar

If your screen is too narrow to show all buttons or you simply don’t need them because you prefer

the keyboard shortcuts, you can choose your optimal setup. The selection of buttons is stored

immediately.

Constellation boundaries You can toggle display of constellation boundaries with this button.

Asterism lines You can toggle display of asterism lines with this button.

Asterism labels You can toggle display of asterism labels with this button.

Ecliptic grid You can toggle display of ecliptic coordinate grid with this button.

ICRS grid You can toggle display of the International Coordinate Reference System (equatorial
J2000 coordinate grid) with this button.

galactic grid You can toggle display of galactic coordinate grid with this button.

Cardinal points You can toggle display of the Cardinal points button.

Compass marks You can toggle display of the Compass marks button.

Night mode You can toggle display of the nightmode button.

Centering button You can toggle display of the Center on selected object button.

Fullscreen button You can toggle display of the fullscreen button.

Quit button You can toggle display of the button to quit Stellarium.

Nebula background You can toggle display of DSO photographs with this button.

Flip buttons When enabled, two buttons will be added to the main tool bar which allow the main
view to be mirrored in the vertical and horizontal directions. This is useful when observing
through telecopes which may cause the image to be mirrored.

DSS survey You can toggle display of Digitized Sky Survey with this button (see section 10.4).

HiPS Surveys You can toggle display of Hierarchical Progressive Surveys with this button (see
section 4.4.7).

Bookmarks You can enable display of Bookmarks (Observing Lists) dialog with this button.

Use buttons background Applies a gray background under the buttons on the bottom bar.

Download more star catalogs

Stellarium comes with enough stars for casual stargazing with the unaided eye or binoculars. If
you have a telescope and want to see more stars, here you can download more catalogs. (See
Appendix C)

The Time Tab

The Time tab (Fig. 4.6) allows to specify what simulation time should be used when the program

starts:

System date and time Stellarium will start with the simulation time equal to the operating system
clock.

System date at Stellarium will start with the same date as the operating system clock, but the
time will be xed at the speci ed value. This is a useful setting for those people who use
Stellarium during the day to plan observing sessions for the upcoming evening.
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Configuration

Figure 4.6: Con guration Window: Time Tab

Other some xed time can be chosen which will be used every time Stellarium starts.

The middle eld allows specify display formats for date and time on bottom toolbar:

JD Stellarium will display Julian Days (JD).

Date and time Stellarium will display date and time in selected format.

The lowest eld allows selection of the correction model for the time correction DT (see sec-
tion 18.4.3). Defaultis Modi ed Espenak and Meeus (2006, 2014, 2023) . Please use other values
only if you know what you are doing.

The Tools Tab

The Tools tab (Fig. 4.7) contains planetarium options (like enabling/disabling of keyboard shortcuts

for panning and zooming the main view) and options for screenshots.

Spheric mirror distortion This option pre-warps the main view such that it may be projected
onto a spherical mirror using a projector. The resulting image will be re ected up from the
spherical mirror in such a way that it may shine onto a small planetarium dome (or even just
the ceiling of your dining room), making a cheap planetarium projection system.

Disc viewport This option masks the main view producing the effect of a telescope eyepiece. It is
also useful when projecting Stellarium’s output with a sh-eye lens planetarium projector.

Gravity labels This option makes labels of objects in the main view align with the nearest horizon.
This means that labels projected onto a dome are always aligned properly.

Auto zoom out returns to initial direction of view When enabled, this option changes the behav-
ior of the zoom out key so that it resets the initial direction of view in addition to the

eld of view.

Enable keyboard navigation , i.e. moving the view with cursor keys. The tool button calls the
keyboard con guration panel. (See section 4.8.)

Enable mouse navigation , i.e. mouse dragging.

Enable mouse zooming use mouse wheel to zoom eld of view.

Mouse cursor timeout You can decide whether, and when, the mouse cursor should disappear
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Figure 4.7: Con guration Window: Tools Tab

from view when not moved.
Include Topocentric coordinates If you require planetocentric coordinates, you may switch this

off. Usually it should be enabled. (See 18.9.1)

Nutation Compute the slight wobble of earth’s axis. This feature is active only about 500
years around J2000.0.

Aberration Add effect of annual aberration of light to the object’s position (see 18.10).
Note: This also in uences the displayed position in the J2000 frame! For didactic
purposes you can exaggerate the effect by up to 5

Overwrite text color  enabling this option will ignore the color settings for each celestial object
and enable one color for text on the info panel for all celestial objects. By default Stellarium
uses white color for this option, but you may re-de ne it through a color chooser.

Set keyboard focus to day input  you may use this option to force setting the keyboard focus
on the day input eld in the Date and Time dialog.

Important note: the focus in the sky will be lost when you open the Date and Time dialog
after enabling this option.

Use Kinetic scrolling Text elds in dialogs can either be moved on sidebar handles (with this
switch disabled) or by dragging the text itself (enabled), as it is known from touch-enabled
devices like smartphones.

Dithering options to allow select better simulation of sky on different hardware.

Indication for mount mode You can activate the short display of a message when switching type
of used mount.

Info text color at daylight  this is a color chooser for de ning the text color for the info panel
at daylight to increase the contrast of the text. By default Stellarium use black color.

Multithreading

For every frame, the positions of all planets and minor bodies of the Solar system are computed.
Most of the other time between frame updates is needed for the actual frame drawing, and waiting
for the next frame cycle if you have deliberately set a low frame rate (useful to conserve energy;
see below). If you have many thousands of solar system objects and a moderately new computer,
you may feel that Stellarium becomes slow (few frames/second) but see that mostly only one core
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of your CPU seems to be busy. You can try to distribute the computation of solar system bodies to
more CPU cores. But take note, thread synchronization (combining all results ahead of drawing)
takes its time, so it pays off only when your solar system is really large. With more than 1000
objects, we recommend starting with 1 additional thread. Even with 25.000 objects, assigning more
than 4 additional threads on a 20-core CPU does not show any further gain. Frame drawing is still
performed by the main thread, and too many objects still slow down the program. Just try out what
works best on your system.

Framerate intent
The pace of screen updates (frames per second, FPS) depends on several factors: CPU speed,
graphics card speed, screen size, number of displayed objects and grids, etc. As is common for

interactive programs, the main program thread runs on a single core also on a multicore system.

For running Stellarium, a CPU with few but fast cores will appear faster in total than a multicore
system at slower CPU cycles. High-end systems may deliver needlessly high framerates, at
cost of energy consumption. The maximum FPS setting limits the frame rate when Stellarium
is interactively operated (zoomed, panned, settings switched, etc.) After a few seconds, when

Stellarium is not interactively operated, it falls back to a minimum FPS setting to conserve energy.

Of course, when the system cannot even reach this FPS, the factual FPS will be lower and the
system may be overloaded. Keep in mind that the minimum setting also applies to running scripts
(non-interactively).

Font size and font selection

You can change the font sizes for on-screen text and GUI dialogs separately. For some purposes like
presentations it may be helpful to enlarge screen font size while keeping GUI font regular, or vice
versa. It also depends on your screen size whether all the object info ts on screen. This may also
depend on the writing system and installed font. If you are using a hon-Western character system
and the default font looks bad, you can select another system font. For this, edit config. ini (see
chapter 5.1): locate the [gui] section and set the key flag_font_selection=true. On next
start of Stellarium, you will nd two elements for font selection: one allows you to pre-select a
writing system, the other will then allow selection of a font installed in your system that includes
the characters used in the selected writing system. When you have found the best font, store your
settings here or on the Main tab (see section 4.3.1), and you may edit config. ini again to disable
the font selection switches.

Screenshots

You can set the directory where screenshots will be stored, and also whether you want screenshots
sized like Stellarium’s window or some other, likely larger size. The maximum possible size
depends on your hardware. 4096 4096 should be possible on most PCs, others may even create
16384 16384 images. The vertical eld of view will be the same as in the current view.

You can also set the le format. The exact selection depends on platform and version of the
underlying Qt framework. Notable formats are PNG (lossless), JPG (lossy), JPEG (higher quality
JPG), BMP (Windows Bitmap), WEBP, TIF (LZW compressed), TIFF (uncompressed), PBM,
PGM, PPM, XBM, XPM, and ICO (thumbnails).

Some printing work ows require particular DPI (dots per inch) settings stored in the screenshots.

You can con gure DPI which will be stored in the image metadata. The intended print size in mm
is shown in the tooltip of the dpi spinner.

The Scripts Tab

The Scripts tab (Fig. 4.8) allows the selection of pre-assembled scripts bundled with Stellarium that
can be run (See chapter 17 for an introduction to the scripting capabilities and language). This list

v24.3
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Configuration

Scripts

Figure 4.8: Con guration Window: Scripts Tab

can be expanded with your own scripts as required. See section 5.2 where to store your own scripts.

When a script is selected it can be run by pressing the arrow button and stopped with the stop
button. With some scripts the stop button is inhibited until the script is nished.

Scripts that use sound or embedded videos will need a version of Stellarium con gured at
compile time with multimedia support enabled. It must be pointed out here that sound or video
codecs available depends on the sound and video capabilities of you computer platform and may
not work.

The Plugins Tab

Plugins (see chapter 12 for an introduction) can be enabled here (Fig. 4.9) to be loaded the next
time you start Stellarium. When loaded, many plugins allow additional con guration which is

available by pressing the button on this tab.

The View Settings Window
The View settings window controls many display features of Stellarium which are not available via

the main toolbar.

The Sky Tab

The Sky tab of the View window (Fig. 4.10) contains settings for changing the general appearance
of the main sky view and projections. Some highlights of sky eld:
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Configuration

Plugins

Figure 4.9: Con guration Window: Plugins Tab

Figure 4.10

: View Settings Window: Sky Tab
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Dynamic eye adaptation When enabled this feature reduces the brightness of faint objects when
a bright object is in the eld of view. This simulates how the eye can be dazzled by a bright
object such as the moon, making it harder to see faint stars and galaxies.

Light pollution In urban and suburban areas, the sky is brightened by terrestrial light pollution
re ected in the atmosphere. Stellarium simulates light pollution and lets the user con gure
how bright the night sky is. There are several ways to set it up:

Automatic from locations database option makes Stellarium nd sky brightness from its
locations database and simulate light pollution without any further user input.

Manual mode lets the user choose the amount of light pollution by moving a slider. To
make it easier to orient in the resulting amount of light pollution, a tooltip will show
the classi cation of the sky according to the Bortle Dark Sky Scale (See Appendix B
for more information), as well as the naked-eye limiting magnitude.

Manual from SQM mode lets one enter the reading of a Sky Quality Meter. Stellarium can
accept it in several units: physical (cd=m?, mcd=m?, mcd=m?) as well as astronomical,
mag=arcsec®. To enter a value, rst choose the unit, and then type the number into the
spinbox.

Solar altitude for Twilight Finder You can con gure shortcut keys to go to the time when the
sun reaches this altitude below the mathematical horizon. See section 4.8.1.

Shooting stars Stellarium has a simple meteor simulation option. This setting controls how many
shooting stars will be shown. Note that shooting stars are only visible when the time rate is
1, and might not be visible at some times of the day. Meteor showers can be simulated using
a dedicated plugin (see section 14.6).

Some highlights of the stars eld:

Absolute scale is the size of stars as rendered by Stellarium. If you increase this value, all stars
will appear larger than before.

Relative scale determines the difference in size of bright stars compared to faint stars. Values
higher than 1.00 will make the brightest stars appear much larger than they do in the sky.
This is useful for creating star charts, or when learning the basic constellations.

Twinkle controls how much the stars twinkle when atmosphere is enabled (scintillation, see
section 19.13.2). Since v0.15.0, the twinkling is reduced in higher altitudes, where the star
light passes the atmosphere in a steeper angle and is less distorted.

Limit magnitude Inhibits automatic addition of fainter stars when zooming in. This may be
helpful if you are interested in naked eye stars only.

Labels and markers you can independently change the amount of labels displayed for stars. The
further to the right the sliders are set, the more labels you will see. Note that more labels
will also appear as you zoom in.

Use designations for screen labels ~ when this option is enabled you will see in the sky (on-
screen labels) only scienti ¢ designations (catalog numbers) of the stars instead of their
common names. To customize the on-screen labels we added 3 additional options®  Dbl.
stars, Var. stars and HIP ~ which will show, in this sequence of preference, the rst
available occurrence of the traditional designations of double stars, variable stars or HIP
numbers, respectively.

The Projections eld

Selecting items in this list changes the projection method which Stellarium uses to draw the

sky (Snyder, 1987). Options are:

Perspective Perspective projection maps the horizon and other great circles like equator, ecliptic,
hour lines, etc. into straight lines. The maximum eld of view is 150 . The mathematical

3These options are only used if the star does not have Bayer/Flamsted designations.
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name for this projection method is gnomonic projection.

Stereographic Stereographic projection has been known since antiquity and was originally known
as the planisphere projection. It preserves the angles at which curves cross each other but it
does not preserve area. Else it is similar to sh-eye projection mode. The maximum eld of
view in this mode is 235 .

Fish-Eye Stellarium draws the sky using azimuthal equidistant projection. In sh-eye projection,
straight lines become curves when they appear a large angular distance from the center of
the eld of view (like the distortions seen with very wide angle camera lenses). This is more
pronounced as the user zooms out. The maximum eld of view in this mode is 180 .

Orthographic Orthographic projection is related to perspective projection, but the point of per-
spective is set to an in nite distance. The maximum eld of view is 180 .

Equal Area The full name of this projection method is Lambert azimuthal equal-area projection.
It preserves the area but not the angle. The maximum eld of view is 360 .

Hammer-Aitoff The Hammer projection is an equal-area map projection, described by ERNST
VON HAMMER (1858 1925) in 1892 and directly inspired by the Aitoff projection. The
maximum eld of view in this mode is 360 .

Sinusoidal The sinusoidal projection is a pseudocylindrical equal-area map projection, sometimes
called the Sanson Flamsteed or the Mercator equal-area projection. Meridians are mapped
to sine curves.

Mercator Mercator projection is a cylindrical projection developed by GERARDUS MERCATOR
(1512 1594) which preserves the angles between objects, and the scale around an object is
the same in all directions. The poles are mapped to in nity. The maximum eld of view in
this mode is 233 .

Miller cylindrical The Miller cylindrical projection is a modi ed Mercator projection, proposed
by OSBORN MAITLAND MILLER (1897 1979) in 1942. The poles are no longer mapped to
in nity.

Cylinder The full name of this simple projection mode is cylindrical equidistant projection or
Plate Carrfe. The maximum eld of view in this mode is 233 .

Two more settings allow netuning:

Vertical viewport offset If you have a wide screen or like wide-angle views, you may feel that
too much of screen space lies below the horizon. This setting can shift the view up or down.

Custom FoV limit Some projections allow very wide views, like 180 which covers a complete
celestial hemisphere (e.g. the entire skydome) or even more. In some cases like if you are
running a planetarium, you may want to limit the vertical eld of view so that you won’t
ever zoom out too far.

Atmosphere settings

An auxiliary dialog opens when you select | # | and contains detail settings for the atmosphere.
Here you can choose visual model of atmosphere, set atmospheric pressure and temperature which
in uence refraction (see section 19.13.2) and the opacity factor k, for extinction, magnitude loss
per airmass (see section 19.13.1).

There are two visual models for the atmosphere available:

Preetham This is the legacy model (see section 11.2.1), fallback for the cases when the other one
doesn’t work.

ShowMySky This model is the more realistic visual model of the atmosphere colors (see sec-
tion 11.2.2). It relies on a precomputed dataset that can be chosen in the user interface after
the ShowMySky model is enabled.
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4.4.2 The Solar System Objects (SSO) Tab

The Solar System Objects tab of the View window (Fig. 4.11) contains settings for changing the
general appearance of the view of Solar system objects. Some highlights:

Figure 4.11: View Settings Window: SSO Tab

Simulate light speed will give more precise positions for planetary bodies which move rapidly
against background stars (e.g. the moons of Jupiter).
Scale will increase the apparent size of the selected class of objects:

Moon will increase the apparent size of the Moon in the sky, which can be nice for wide

eld of view shots.

Minor bodies will increase the apparent size of minor bodies: planet satellites, all kinds of
asteroids, and comets. Forsome of these 3D models are available, which will be better
discernible if enlarged.

Sun will increase the apparent size of the Sun in the sky, which can be nice for didactic
purposes or demonstrations.

Planets will increase the apparent size of major planets.

v 24.3 Mark minor bodies Show a little circle at the location of every minor body (comet, asteroid,
...), down to the con gured visual magnitude. The marks are shown regardless of sky
brightness, even in daytime. Also, in this mode, markers for objects with highly outdated
orbital elements are still plotted (see 13.8 and Appendix D.2.2). This is useful to show the
distribution of asteroids and comets on the sky, or especially when viewed from the Solar
System Observer (see 4.2.3).

From the Observer viewpoints, the visual magnitude for minor bodies is computed as seen

from the Sun, so that objects in inferior conjunction ae not dimmed down and ltered away

by effects of phase angle, and comet tails are better visible.
Show orbits adds a rendition of the orbit or trajectory of an SSO. For ef ciency, orbits are not
displayed when the object is not inside the screen, unless you set the permanently option.

You can further ne-tune the selection and appearance (width and colors) of orbits with the

additional settings.

Show trails plots the apparent path of SSO among the stars as seen from the current planet.
Show planetary nomenclature displays positions and names of surface features of cially named
by the 1AU (See Appendix E). When the sun is below the horizon at the location of the
feature, the label is attenuated. A few special markers show Centre, North and South poles,
east and west points along the equator, and the subsolar point (where the sun is at the zenith
as seen from that feature). Features like craters are best visible when they are illuminated
v1z2 by a low sun. You can therefore limit the display to items along the terminator (the border
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between light and dark on the surface). You can also mark craters and lunar maria (the dark
seas ) with circles.

GRS details... : The Great Red Spot (GRS) is slowly drifting along Jupiter’s System Il coordinate
system. This button opens a new dialog in which you can adjust the longitude (Jupiter
system Il) and annual drift rate of this feature at a particular epoch. To help you, another
button in this dialog opens a website with relevant data. The central meridian data given in
the object information on screen still shows System I1 longitude.

Labels and markers you can independently change the amount of labels displayed for Solar
system objects. The further to the right the sliders are set, the more labels you will see. Note
that more labels will also appear as you zoom in.

Planet magnitude algorithm several ways to compute planet magnitudes have been made avail-
able from the literature. Data by M ller (1893) provide visual magnitudes. The other models
provide instrumental (Johnson V) magnitudes.

Earth shadow enlargement after Danjon Earth’s shadow is enlarged by the atmosphere. You
can select whether the 2% enlargement used by the Astronomical Almanac should be applied
(default), or the formulation of DANJON (see section 19.11.2).

The Deep-Sky Objects (DSO) Tab

Deep-sky objects or DSO are extended objects which are external to the solar system, and are not
point sources like stars. DSO include galaxies, planetary nebulae and star clusters. These objects
may or may not have images associated with them. Stellarium comes with a catalog of over 90,000
extended objects containing the combined data from many catalogs, with 500+ images.

The DSO tab (Fig. 4.12) allows you to specify which catalogs or which object types you are
interested in. This selection will also be respected in other parts of the program, most notably
Search (section 4.5) and AstroCalc/WUT (section 4.6.6) will not nd objects from catalogs which
you have not selected here.

See chapter 8 for details about the catalog, and how to extend it with your own photographs.

The Markings Tab

The Markings tab of the View window (Fig. 4.13) controls plotting various grids and lines on the
celestial sphere. Colors for grids, lines and points can be adjusted by clicking on the corresponding
colored square. The central column governs lines like equator, ecliptic, meridian etc., where
each can optionally be ne-tuned to show partition marks and labels. Color settings are stored
immediately, all other ags need explicit saving of the settings (see section 4.3.1).

The Landscape Tab

The Landscape tab of the View window (Fig. 4.14) controls the landscape graphics (the horizon
which surrounds you). To change the landscape graphics, select a landscape from the list on the left
side of the window. A description of the landscape will be shown on the right.

Note that while a landscape can include information about where the landscape graphics were
taken (planet, longitude, latitude and altitude), this location does not have to be the same as the
location selected in the Location window, although you can set up Stellarium such that selection of
a new landscape will alter the location for you.

The controls at the bottom right of the window operate as follows:

Use this landscape as default Selecting this option will save the landscape into the program
con guration le so that the current landscape will be the one used when Stellarium starts.

Show ground This turns on and off landscape rendering (same as the button in the main tool
bar).

v 233
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Figure 4.12: View Settings Window: DSO Tab

Figure 4.13: View Settings Window: Markings Tab

Figure 4.14: View Settings Window: Landscape Tab
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Show fog This turns on and off rendering of a band of fog/haze along the horizon, when available
in this landscape.

Show illumination to re ect the ugly developments of our civilisation, landscapes can be con g-
ured with a layer of light pollution, e.g., streetlamps, bright windows, or the sky glow of a
nearby city. This layer, if present, will be mixed in when it is dark enough.

Show landscape labels Landscapes can be con gured with a gazetteer of interesting points, e.g.,
mountain peaks, which can be labeled with this option. Color and font size can also be
con gured.

Location from landscape When enabled, selecting a new landscape will automatically update the
observer location. Use this if the landscape is not just decoration, but a true representation of
a particular site you wish to visit in the simulation.

Minimal brightness Moonless night on very dark locations may appear too dark on your screen.
You may want to con gure some minimal brightness here.
from landscape, if given Landscape authors may decide to provide such a minimal bright-

ness value in the landscape. ini le.

Draw only polygon If a polygonal horizon line has been de ned for the landscape, only draw this
with the given thickness and color.

Transparency Allow peeking below the horizon. Note that this may show graphical errors.

Using the button [Add/remove landscapes. .. ], you can also install new landscapes from ZIP les

which you can download e.g. from the Stellarium website* or create yourself (see ch. 7 Landscapes),

or remove these custom landscapes.

Loading large landscapes may take several seconds. If you like to switch rapidly between
several landscapes and have enough memory, you can increase the default cache size to keep more
landscapes loaded previously available in memory. Note that a large landscape can take up 200MB
or more! See section D.1.13.

The Starlore Tab

If you want to explore humankind’s cultural history, you could also switch to the viewpoint of other
ancient or contemporary people. Constellations are de ned as patterns in the sky serving to set
calendar marks and to navigate while travelling on Earth. Which patterns are seen depends on the
natural environment and the cultural habits of the people, i.e., the Inuit in the arctic area might have
seen an Elk where the Chinese have seen a huge spoon or dipper. There cannot be any astrological
in uence from these patterns as they had been seen differently and, thus, are a product of human’s
imagination. So, pointing out these cultural differences might have an educational function, too.

Caution

Some of our native peoples’ constellations are contributed for noncommercial use only. Please
respect their heritage holders and check-out the CC licence version in the description before you
use sky cultures for broadcasting! See section 9.1.3 for details.

The Starlore tab of the View window (Fig. 4.16) controls which culture’s constellations and
bright star names will be used in the main display. Some cultures have constellation art (e.g.,
Western and Inuit), and the rest do not. Con gurable options include
Use this sky culture as default Activate this option to load this sky culture when Stellarium starts.
Constellations name style You can select whether you want to display abbreviated, original or

translated names.
Use native names for planets If provided, show the planet names as used in this sky culture (also
shows modern planet name for reference).

“https://stellarium.org/landscapes.html

v23.3
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Figure 4.15: World map showing Stellarium’s built-in set of sky cultures. To avoid
overcrowding, smaller European sky cultures which are mostly derivatives or relatives of
the Modern sky culture are not shown. (Image: S. M. Hoffmann)

Constellation lines Activate display of stick gures, like or [C]J, and you can con gure
constellation line thickness in the right spinbox.

Constellation boundaries Activate display of constellation boundaries, like [ B . Currently,
boundaries have been de ned only for Modern sky cultures.

Art in brightness... Activate display of constellation art (if available), like or[ R . You can
also select the brightness here.

Asterism labels Activate display of asterism labels, like [Alt]+[ V

Asterism lines Activate display of asterism stick gures (like the shortcut [Alt]+[ A’]), and you can
con gure asterism line thickness as well.

Ray helpers Activate display of special navigational lines which connect stars often from different
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constellations (like the shortcut [Alt]+[ R ), and you can con gure thickness of those lines as
well.
Select single constellation/Isolated See section 4.4.6 for details.

Select single constellations

Some presenters may want to explain a particular storyline about the constellations of a sky culture,

which includes showing single constellations or showing a sequence of appearing constellations.

To achieve this, rstactivate Select single constellation mode (see g 4.16). Then, click on a star

which is part of a constellation line set. Click another star which is part of another constellation

to show that one in addition. If you really only want to show a single constellation, also add the
Isolated option.

If you explain a sky culture where constellations also have borders de ned, a click anywhere in
the constellation area is enough. For other sky cultures, clicking onto a star which is not member of
a constellation line will display all constellations.

Press to remove all but the last selected constellation. If you had deleted selection (right
mouse click) before pressing , all constellations are hidden. Press again to also hide the
single displayed one, or click another star to select the next constellation. If you need to keep the
single constellation visible, select the currently selected star again to select it again. Press [Alt]+ W |
to show all constellations.

With a little training, you will be able to give inspiring constellation tours.

4.4.7 The Surveys Tab

Figure 4.17: View Settings Window: Surveys Tab

The Surveys tab (Fig. 4.17) allows to toggle the visibility of online sky or solar system surveys
(see chapter 10 for description of the surveys format). Currently, only HiPS surveys are supported.

On the left side of the window we see the list of available surveys from the con gured sources
(See section D.1.29 for how to change the default sources). On the right side a description of the
selected survey and its properties are displayed.

Surveys are grouped by types. The top combobox allows to Iter the listed surveys according
to a given type (Deep Sky or Solar System).

You can toggle the visibility of a survey by checking the box on the left of the survey name
in the list. (Note that as of v0.18.0, only a single deep sky survey can be rendered at a time, so it
makes no sense to select more than one in the list!) Once a survey is visible you should be able to
see its loading status in the loading bar area of the sky view.
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Deep sky surveys will be rendered aligned with the sky view, while solar system surveys
automatically map on the proper body.

The Search Window

The Object tab

The Object tab of the Search window provides a convenient way to locate objects in the sky. Simply
type in the name of an object to nd, and press . Stellarium will point you at that object in the
sky.

As you type, Stellarium will make a list of objects which contains what you have typed so
far. The rst of the list of matching objects will be highlighted. If you press the =] or [ L | key,
the selection will change to the next item in the list. Pressing the key will bring you to the
previous item. Hitting the key will center on the currently highlighted object and close the
Search window.

For example, suppose we want to locate Saturn’s moon Mimas (SI). Open the Search window

( S | [F3], or[Ctril+[ F ). Type the rst letter of the name, m, to see a list of objects whose name
contains m:

Miranda (UV)
Psamathe (NX)
Umbriel (UIl)

You may want at this point to have Stellarium rather propose object names which start with the
string you enter. Do that in the Options tab of this panel (see section 4.5.5). The search result
should update automatically when you navigate back to the Object tab. Now the list is shorter and
contains only objects which start with m:

Mago
Maia
Mars

The rst item in this list, Mago, is highlighted. Pressing now would go to Mago, but we want
Mimas (SI). We can either press =) or [ L | a few times to highlight Mimas (SI) and then hit [ ./ ]
or we can continue to type the name until it is the rst/only object in the list.

After you searched for an object, the next time the Search window opens, your most recently
searched object(s) will automatically appear in the search result of the Object tab. For instance,
continuing with our example, re-open the Search window’s Object tab. Mimas (SI) should already
be populated and highlighted:

Mimas (SI)

The Object tab’s search result will now prioritize your most recent searches (which will be shown
in bold). To modify the search results, see section 4.5.5. From our earlier example, re-enter m into
the Object tab. Doing so will generate a slightly different list than before. In this case, Mimas (SI)
will appear rst, as shown in Figure 4.19:

Mimas (SI)
Mago
Maia
Mars
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Object

Object

Figure 4.19: The Search Window: Object (Recent Searches)

Search window
SIMBAD

Figure 4.20: The Search Window: SIMBAD
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Search window

Position

Figure 4.21: The Search Window: Position

Search window

Figure 4.22: The Search Window: Lists

Options

Figure 4.23: The Search Window: Options
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The SIMBAD tab

The SIMBAD tab (Fig. 4.20) provides a convenient way to fetch and show a set of information for
selected object from the astronomical online database SIMBAD (Wenger et al., 2000). If some
object is only visible in a survey or DSS background (see section 10) and not in Stellarium’s
catalogs, you can also set a custom marker (see section 3.6), select it and query SIMBAD tell me
what’s known about objects at this location .

The Position tab
The Position tab (Fig. 4.21) provides a convenient way to enter a set of coordinates.

The Lists tab

The Lists tab (Fig. 4.22) allows selection of an object from prede ned sets. The number of choices
is governed by the loaded DSO catalogs and plug-ins. Scroll down the rst window to select the
type. Click on the name and Stellarium will center on that object.

The Options tab

The Options tab (Fig. 4.23) provides a few settings to ne-tune your search experience.
Use SIMBAD When the name of an object to nd is typed in the Object tab and you are connected
to the internet and Use SIMBAD s ticked, Stellarium will search the SIMBAD on-line

databases for its coordinates. You can then click the | | button or press [ J |. Stellarium
will point you at that object in the sky even if there is no object displayed on the screen. The
SIMBAD server being used can be selected from the scroll window.
Server: for server selection

Search Options group allows for changes in the search result behaviour.
Use auto Il only from the beginning of words when checked, will search for object names

that begins with the same letters as your input. Example provided in section 4.5.1.

Lock position when coordinates are used
Show FOV center marker when position is search

Recent Searches group allows modi cation to your recent search data. Any changes here will
automatically update the search results displayed in the Object tab. Example provided in
section 4.5.1.
Max items to display amount of recent searches that can appear in the search result
button deletes your recent search history

The Astronomical Calculations Window

This window provides advanced functionality, some of which is still under development. You can

call it by pressing or the button on the left menu bar. The Astronomical Calculations
window shows eight tabs with different functionality.

Most tabs allow exporting computed data to XLSX (Excel) les in addition to CSV les, and
graphs can be exported as PNG les.

The Positions Tab

This tab shows equatorial J2000.0 or horizontal positions, magnitudes and additional parameters
(e.g. surface brightness for deep-sky objects or angular separation for double stars) for various lists
of celestial objects above the horizon at the simulated time, Itered by magnitude. Double-clicking
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on an entry brings the object into focus (Fig. 4.24). You may also export the list of positions into an
XLSX or CSV le.

Figure 4.24: Astronomical Calculations (AstroCalc): Celestial positions / Seen now

This tab is split into 2 subtabs: Seen now and Major planets . The Major planets subtab
(Fig. 4.25) shows a table with heliocentric ecliptic positions of the major planets and a graphical

representation of these positions (in polar coordinates). You may also export the list of positions
into an XLSX or CSV le.

@ Include selected minor planets

Positions on Sal 22-10-01 15:11:06

Seen now

Major planets

Figure 4.25: Astronomical Calculations (AstroCalc): Celestial positions / Major Planets

4.6.2 The Ephemeris Tab

Select an object, start and end time, and compute an ephemeris (list of positions and magnitudes
evolving over time) for that object. The positions are marked in the sky with yellow disks (Fig. 4.26).

When you click on a date, an orange disk indicates this date and/or magnitude. Double-clicking
sets the respective date and brings the object to focus. Dates and/or magnitudes will show up near
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Figure 4.28: Astronomical Calculations (AstroCalc): Analemma on the Earth
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position markers when Show dates and/or Show magnitudes checkboxes are active. To show a line
between markers please tick checkbox Show line. You may customize the format of displayed data
near markers and their frequency in the Extra options window (Fig. 4.27). You can also de ne the
color of markers and enable display markers for all naked-eye visible planets.

You can export the calculated ephemeris into an XLSX or CSV le.

Another interesting option in this tool: using horizontal coordinates for plotting traces of the
Solar system objects. In this mode, the circle marks are not linked to the sky, but to the horizontal
coordinate system. For example, you can get an analemma of the Sun for any location (Fig. 4.28
and 4.29), or observe the visibility of Mercury, Venus or a comet in the twilight sky.

You can draw an ephemeris of two objects at the same time and de ne custom time step for
the ephemeris (Fig. 4.30).

Note: The ephemeris is computed with the current settings for atmosphere, topocentric correc-
tion etc. In consequence, e.g. magnitudes may be affected by atmospheric absorption and may show
unexpected values. Remember to switch off atmosphere etc. to create extinction free geocentric
mean positions as found in almanachs.

The Risings, Transits, and Settings (RTS) Tab

This tab allows you to compute meridian transits and rising and setting times of selected celestial
object (except unnamed stars and arti cial satellites) for a speci c date range. The tool is useful
for planning observations, and it suggests the best time and conditions for visual observations or
astrophotography (Fig. 4.31).

You may also export the list of transits into an XLSX or CSV le.

The Phenomena Tab

This tab allows you to compute phenomena like conjunctions, oppositions, occultations and eclipses
(in special cases) between planetary objects (Fig. 4.32). In addition, it provides computation of
greatest elongations for the inner planets and stationary points for all planets, and, for all Solar
system bodies except the moons, we also compute perihelia and aphelia.

You can export the calculated phenomena into an XLSX or CSV le.

Four columns in the table may be helpful for planning observation of phenomena:
solar elongation angular distance from the Sun
lunar elongation angular distance from the Moon
mag. 1 magnitude of rst object
mag. 2 magnitude of second object

The Graphs Tab

This tab provides on several sub-tabs graphs which are helpful for monthly observation planning of
deep-sky objects and analysis of changes between objects or changes of their positions. Clicking in
the graph sets the time at that point, and setting the mouse onto a graph displays values at this point.
However, most graphs are intended for a rapid overview and are plotted using an interpolating
spline through sparse samples, so do not expect highest accuracy.

The Altitude vs. Time Subtab
On this subtab (the rst subtab and default view in the Graphs tab) you can compute the geometrical
altitude of the currently selected object on the currently set date and draw it as a graph (Fig. 4.33).

Optional graphs for the Sun (with lines for civil, nautical and astronomical twilight) and the
Moon (dashed) are also available.
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Figure 4.31: Astronomical Calculations (AstroCalc): Risings, transits, and settings of
selected celestial object
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Figure 4.34: Astronomical Calculations (AstroCalc): Graphs / Azimuth vs. Time
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The Azimuth vs. Time Subtab

On this subtab you can compute the geometrical azimuth of the currently selected object on the
currently set date and draw it as a graph (Fig. 4.34).

The Monthly Elevation Subtab

This subtab can show a Monthly Elevation graph for the current year at the selected time. This
tool was introduced for planning yearly observations (Fig. 4.35).

The Graphs Subtab
This subtab can show two functions over time for the current month or for up to 30 years and draw
graphs for them in one screen (Fig. 4.36). You can select from

Magnitude vs. Time

Phase vs. Time

Distance vs. Time

Elongation vs. Time

Angular size vs. Time

Phase angle vs. Time

Heliocentric distance vs. Time

Transit altitude vs. Time

Right ascension vs. Time

Declination vs. Time

This tool may be very helpful for educational and statistics purposes.® For example, the

magnitude curve for Jupiter’s moons shows occasional dips where the moon is in Jupiter’s shadow.
However, while for most graphs a sampling interval of 24 hours should be suf cient (i.e., 1 value per
day), for this graph you may want to reduce the sampling interval to 1 or 2 hours to avoid missing
those eclipses by undersampling. Of course, such high density takes much longer to compute, so
you should avoid plotting this curve for many years, or expect a long delay where the program may
seem unresponsive.

The Lunar Elongation Subtab

This subtab (Fig. 4.37) canshowa Lunar Elongation graph the angular distance between the
Moon and the selected object (for example some deep-sky object) for the nearest 30 days. This tool
was introduced for planning monthly observations.

The What’s Up Tonight (WUT) Tab

The What’s Up Tonight (WUT) tool® displays a list of objects that will be visible at night for the
current date and location.

The objects are organized into type categories. Select an object type in the box labeled Select
a Category, and all objects of that type which are above the horizon on the selected night will be
displayed in the box labeled Matching Objects. For example, in the screenshot, the Planets category
has been selected, and three planets which are up in the selected night are displayed (Jupiter, Mars
and Mercury).

By default, the WUT will display objects which are above the horizon between sunset and
midnight (i.e. in the evening). You can choose to show objects which are up between midnight and
dawn (in the morning), around midnight, or any time between dusk and dawn (any time tonight)
using the combobox near the top of the window. You can also choose to see only those objects
that are brighter than a certain magnitude by setting a minimum magnitude using the Show objects

5The idea for this tool has been obtained from SkytechX: http://ww.skytechx.eu/
6This tool has been partially ported from the KStars planetarium: https://edu.kde.org/kstars/
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Figure 4.36: Astronomical Calculations (AstroCalc): Graphs

Figure 4.37: Astronomical Calculations (AstroCalc): Graphs / Lunar Elongation
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Figure 4.39: Astronomical Calculations (AstroCalc): Planetary Calculator (PC), Data Tab

Linear and angular distance selected objects

20.07. 19.08. 18.09. 18.10. 17.11. 17.12. 16.01. 15.02. 17.03. 16.04. 16.05. 15.06. 15.07. 14.08. 13.00. 13.10. 12.11. 12.12. 11.01. 10.02. 12.0;
Date

Graphs

Figure 4.40: Astronomical Calculations (AstroCalc): Planetary Calculator (PC), Graphs
Tab
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brighter than magnitude spinbox. You may center an object from the right list in the sky map just
by selecting it.

Note that only DSO from catalogs which you have selected in the DSO panel (section 4.4.3)
will be found.

In version 0.18.3 this tool has been refactored: the tool for searching items from list of
Matching Objects was removed, the Iter for magnitudes was moved to the right, and we added
anew lIter here to limit the range of acceptable angular sizes of matched objects. In addition to
the names we added 5 new sortable columns: magnitude, rising time, transit time, setting time and
angular size of object.

4.6.7 The Planetary Calculator (PC) Tab
The Planetary Calculator (PC) tool has been added after user requests. It computes the relations
between two Solar system bodies for the current date and location  linear and angular distances,
orbital resonances and orbital velocities.
The Graphs tab (Fig. 4.40) shows the change in the linear and angular distances between
selected celestial bodies over a range of 600 days (centered on the current date) as graphs.

4.6.8 The Eclipses Tab

The Eclipses tool has four subtabs: All Solar Eclipses , Local Solar Eclipses , Lunar Eclipses
and Planetary Transits .
You can export the calculated eclipses and transits into an XLSX or CSV le.

Caution

Predicting eclipses and transits, and in particular local circumstances, over thousands of years in
the past and future is not reliable due to the principal unpredictability of DT, caused by uctuations
of Earth’s rotation. (See section 18.4.3 for details.)

The All Solar Eclipses Subtab

"

Eclipses

5 N51°33'40" ES

All Solar Eclipses

Figure 4.41: Astronomical Calculations (AstroCalc): Eclipses / All Solar Eclipses

This subtab (Fig. 4.41) contains data for all solar eclipses on the Earth in the selected time range.
Double click on a line in the table will set location and time of greatest eclipse. Click on the table
row will show circumstances of selected eclipse in the lower table.
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The quantity Gamma is the minimum distance of the lunar shadow cone axis to the center of
the Earth, in units of Earth’s equatorial radius. This distance is positive or negative, depending on
whether the axis of the shadow cone passes north or south of the Earth’s center.

Click the button to create a KML e of the selected eclipse. KML isa le
format used to display geographic data in Earth browsers, such as Marble, Google Earth or
Google Maps. The le can be opened in applications that support KML version 2.2. A description
of the lines for solar eclipses is shown in Fig. 4.42. Different colors are used to draw path of
central eclipse. Red = total eclipse, blue = annular eclipse, and purple = hybrid eclipse. Limits of
penumbral or partial eclipse are green.

Eclipse ends at sunrise
Maximum eclipse at sunrise

Eclipse begins at sunrise o . .
| Northern limit of penumbra (partial eclipse)
B = ./

Patrj of total eclipse |

! ' . — Eclipse begins at sunset
D H
¢ |

Maximum eclipse at sunset
Total Solar Eclipse 2027 Augusi 2 /L§/
: : y i

Eclipse ends at sunset
Southern limit of penumbra (partial eclipse)

Outline of umbra
plotted every 10 minutes

Figure 4.42: Key to solar eclipse map

The Local Solar Eclipses Subtab
This subtab (Fig. 4.43) contains data for solar eclipses for the current location (on the Earth!) in
de ned time range.

Double click on a line in the table will set the time of greatest eclipse.

The Lunar Eclipses Subtab

This subtab (Fig. 4.44) contains data for all lunar eclipses on the Earth in de ned time range.
Double click on the table row will set time of greatest eclipse. Click on the table row will show
circumstances of selected eclipse in the lower table.

The quantity gamma is the minimum distance from the center of the Moon to the axis of Earth’s
umbral shadow cone, in units of Earth’s equatorial radius. This distance is positive or negative,
depending on whether the Moon passes north or south of the shadow cone axis.

The visibility conditions are based on the altitude of the Moon at greatest eclipse:
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Partial Eclipse Begins| Central Eclipse Begins| Maximum Eclipse| Eclipse Magnitude| Central Eclipse Ends| Parti
41

Figure 4.43: Astronomical Calculations (AstroCalc): Eclipses / Local Solar Eclipses

Moon enters umbra

Lunar Eclipses

Figure 4.44: Astronomical Calculations (AstroCalc): Eclipses / Lunar Eclipses
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Invisible  the greatest eclipse is invisible at the current location (altitude is negative);

Not obs.  not observable eclipse. Our rule of thumb is that a partial penumbral eclipse is
detectable with the unaided eye if penumbral magnitude > 0.7

Bad  bad visibility conditions for current location (altitude range is0 30 );

Good  good visibility conditions for current location (altitude range is 30 45 ;i.e., photometric
altitude );

Perfect  perfect visibility conditions for current location (altitude range is45 90 ).

The Planetary Transits Subtab
This subtab (Fig. 4.45) contains data for all transits of Mercury and Venus across the Sun as seen
from Earth (see 19.11.3) in the de ned time range. If an event is not observable because the
Sun/planet is below the horizon, its time will be shown in brackets and greyed-out. Further columns
show the total duration of the event, and the observable duration at the current location, which takes
rising and setting times into account.

Double click on the table row will set time of mid-transit.

"

Eclipses

ess| Durs

ab

Planetary Transits

Figure 4.45: Astronomical Calculations (AstroCalc): Eclipses / Planetary Transits
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The Help Window
The Help Tab

Figure 4.46: Help Window

The Help Tab lists all of Stellarium’s keystrokes. Note that some features are only available as
keystrokes, so it’s a good idea to have a browse of the information in this window.

The About Tab

The About Tab (Fig. 4.47) shows version and licensing information, and a list of people who helped
to produce the program. This tab also provides a tool to check for updates of Stellarium.

The Log Tab

The Log Tab (Fig. 4.48) shows messages like the loading con rmations carried out when Stellarium
runs. It is useful to locate the les that Stellarium writes to your computer. The same information is
written to the le log.txt that you will nd in your user data directory (see 5.1).

The Con g Tab

The Con g Tab (Fig. 4.49) shows con guration data of the Stellarium. It is useful to locate the les
that Stellarium writes to your computer. The same information is written to the le config.ini
that you will nd in your user data directory (see 5.1).
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Figure 4.47: Help Window: About

Figure 4.48: Help Window: Log le

Figure 4.49: Help Window: Con g le
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4.8 Editing Keyboard Shortcuts

~ | Primary shortcut | Alternative shortcu =

Primary shortcut

Alternative shortcut

Figure 4.50: Keyboard Shortcuts

You can edit the shortcut keys here. Each available function can be con gured with up to
two key combinations. You may want to recon gure keys for example if you have a non-English
keyboard layout and some keys either do not work at all, or feel unintuitive for you, or if you are
familiar with other software and want to use the same hotkeys for similar functions. Simply select
the function and click with the mouse into the edit eld, then press your key of choice. If the key
has been taken already, a message will tell you.

This tool is available through the Help Tab of the Help window (see section 4.7.1) and the
Tools Tab of the Con guration window (see section 4.3.5).

4.8.1 Example

If you want to follow the sky view each evening with the Sun at the same depth below the horizon,
so that the twilight is of equal darkness, you may want to assign some actions to intuitive shortcut
keys. In the Keyboard Shortcut editor (Fig. 4.50), nd the Date and Time group and assign, e.g.,
the keys on your numeric keypad:

Previous evening twilight ~ Ctrl+9

Previous morning twilight  Ctrl+7

Next evening twilight Ctrl+3

Next morning twilight Ctrl+1

Today’s evening twilight  Ctrl+6

Today’s morning twilight  Ctrl+4
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Directories

Stellarium has many data les containing such things as star catalogue data, nebula images, button
icons, font les and con guration les. When Stellarium looks for a le, it looks in two places.
First, it looks in the user directory! for the account which is running Stellarium. If the le is not
found there, Stellarium looks in the installation directory?. Thus it is possible for Stellarium to be
installed by an administrative user and yet have a writable con guration le for non-administrative
users. Another bene t of this method is on multi-user systems: Stellarium can be installed by
the administrator, and different users can maintain their own con guration and other les in their
personal user accounts.

In addition to the main search path, Stellarium saves some les in other locations, for example
screens shots and recorded scripts.

The locations of the user directory, installation directory, screenshot save directory and script
save directory vary according to the operating system and installation options used. The following
sections describe the locations for various operating systems.

Windows

installation directory By default this is C:\Program Files\Stellarium\, although this can
be adjusted during the installation process.

user directory This is the Stellarium sub-folder in the Application Data folder for the user account
which is used to run Stellarium. Depending on the version of Windows and its con guration,
this could be any of the following (each of these is tried, if it fails, the next in the list if tried).

%APPDATA%\Stellarium\
%USERPROFILE%\Stellarium\
%HOMEDRIVE%\%HOMEPATH%\Stellarium\
%HOME%\Stellarium\

Lalso called user data directory
2The installation directory was referred to as the con g root directory in previous versions of this guide
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|Ste||arium’s installation directory

Thus, on a typical Windows Vista/7/10 system with user Bob Dobbs , the user directory
will be:

|C:\Users\Bob Dobbs\AppData\Roaming\Stellarium\

The user data directory is unfortunately hidden by default. To make it accessible in the Win-

dows le explorer, open an Explorer window and select|Organize... ) Folder and search options|,

Make sure folders marked as hidden are now displayed. Also, deselect the checkbox to hide
known le name endings .3

screenshot save directory Screenshots will be saved to the Pictures/Stellarium directory,
although this can be changed in the GUI (see section 4.3.5) or with a command line option
(see section 6.1).

macOS

installation directory This is found inside the application bundle, Stellarium.app. See The
Anatomy of macOS App Bundles* or Bundle Programming Guide® for more information.

user directory This is the sub-directory ~/Library/Application Support/Stellarium of
the user’s home directory.

screenshot save directory Screenshots are saved to the user’s Desktop.

Linux

installation directory This is in the share/stel larium sub-directory of the installation pre X,
i.e., usually /usr/share/stellariumor /usr/local/share/stellariun/.

user directory Thisisthe .stellariumsub-directory of user’s home directory, i.e., ~/.stellarium/.

This is a hidden folder, so if you are using a graphical le browser, you may want to change
its settings to display hidden folders .
screenshot save directory Screenshots are saved to the user’s home directory.

Customized Location

Some users may prefer non-standard locations for their own data, for example when the Windows
C: drive (which usually contains user data), or the Linux /home partition has become too small to
hold tens of high-resolution landscapes or detailed 3D sceneries. You can move the entire directory
elsewhere and use an environment variable STEL_USERDIR that contains the pathname.

Directory Structure

Within the installation directory and user directory de ned in section 5.1, les are arranged in the

following sub-directories.

landscapes/ contains data les and textures used for Stellarium’s various landscapes. Each
landscape has its own sub-directory. The name of this sub-directory is called the landscape
ID, which is used to specify the default landscape in the main con guration le, or in script
commands.

3This is a very confusing default setting and in fact a security risk: Consider you receive an email
with some le funny.png.exe attached. Your explorer displays this as funny.png. You double-click it,
expecting to open some image browser with a funny image. However, you start some unknown program
instead, and running this .exe executable program may turn out to be anything but funny!

4https://ww.maketecheasier.com/anatomy-macos-app-bundles/

Shttps://developer.apple.com/library/archive/documentation/CoreFoundation/Con
ceptual/CFBundles/Introduction/Introduction._html
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skycultures/ contains constellations, common star names and constellation artwork for Stel-
larium’s many sky cultures. Each culture has its own sub-directory in the skycultures
directory.

scripts/ contains your own scripts. These can be used to create complex demonstrations (see
ch. 17).

nebulae/ contains data and image les for nebula textures. In the future Stellarium may be able
to support multiple sets of nebula images and switch between them at runtime. This feature
is not implemented for version 24.4, although the directory structure is in place each set of
nebula textures has its own sub-directory in the nebulae directory.

stars/ contains Stellarium’s star catalogues. In the future Stellarium may be able to support
multiple star catalogues and switch between them at runtime. This feature is not implemented
for version 24.4, although the directory structure is in place each star catalogue has its own
sub-directory in the stars directory.

data/ contains miscellaneous data les including fonts, solar system data, city locations, etc.

textures/ contains miscellaneous texture les, such as the graphics for the toolbar buttons, planet
texture maps, etc.

ephem/ (optional) may contain data les for planetary ephemerides DE430, DE431, DE440 and
DE441 (see 5.5.3).

If any le exists in both the installation directory and user directory, the version in the user
directory will be used. Thus it is possible to override settings which are part of the main Stellarium
installation by copying the relevant le to the user area and modifying it there.

It is recommended to add new landscapes or sky cultures by creating the relevant les and
directories within the user directory, leaving the installation directory unchanged. In this manner
different users on a multi-user system can customise Stellarium without affecting the other users,
and updating Stellarium will not risk the loss of your own data.

The Log le

Stellarium reports various events and con rmations to a log le, log.txt, in the user directory.
This has the same content as you can see on the console on Linux when you start Stellarium on the
command line. Normally you don’t need to bother with its contents, however, if Stellarium behaves
unexpectedly, crashes, or shows other problems, a quick look into this le may help to identify the
problem. Also when you report a problem to the developers in the hope that they (we) can * x’
anything, this log le is an essential ingredient to your report. The log le can also be displayed
within the program: press to call the help panel, and select the Log le tab.

The Main Con guration File

The main con guration le is read each time Stellarium starts, and settings such as the observer’s
location and display preferences are taken from it. ldeally this mechanism should be totally
transparent to the user anything that is con gurable should be con gured in the program GUI.
However, at time of writing Stellarium isn’t quite complete in this respect, despite improvements in
each version. Some settings, esp. color values for some lines, grids, etc. can only be changed by
directly editing the con guration le.® This section describes some of the settings a user may wish
to modify in this way, and how to do it.

The name of the con guration le is config.ini’. If the con guration le does not exist in

6Color values can be edited interactively by the Text User Interface plugin (see 13.4).
"1t is possible to specify a different name for the main con guration le using the --config-file
command line option. See section 6.1 Command Line Options for details.
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the user directory when Stellarium is started (e.g., the rst time the user starts the program), one
will be created with default values for all settings (refer to section 5 Files and Directories for the
location of the user directory on your operating system).

The con guration le isaregular text le, so all you need to edit it is a text editor like Notepad
on Windows, Text Edit on the Mac, or nano/vi/gedit/emacs/leafpad etc. on Linux.

A complete list of con guration le options and values may be found in appendix D.1.

Getting Extra Data

More Stars

Stellarium is packaged with over 600 thousand stars in the normal program download, but much
larger star catalogues may be downloaded in the Tools tab of the Con guration dialog or [F2)).

More Deep-Sky Objects

Stellarium is packaged with over 94 thousand deep-sky objects® in the normal program download
(the standard edition of Stellarium DSO catalog®, see section 8.1), but an extended edition of
DSO catalog with over one million objects (up to 20:0™ for galaxies) may be downloaded from
Stellarium’s Github website©:

Version; Edition Filename MD5 hash Size

3.20; extended  catalog-3.20.dat 8b25343a5983ef5841cbcOb60e96f4dc 28MB

The le can be placed in a folder named nebulae/default inside the user directory (see
section 5.2).

Alternative Planet Ephemerides: DE430, DE431, DE440, DE441

By default, Stellarium uses the VSOP87 planetary theory, an analytical solution which is able to
deliver planetary positions for any input date (P. Bretagnon and Francou, 1988). However, its use is
recommended only for the year range  4000::: +8000. Outside this range, it seems to be usable
for a few more millennia without too great errors, but with degrading accuracy. Likewise for the
moon, Stellarium by default uses ELP 2000-82B (Chapront-Touze, 1982; Chapront-Touz@ and
Chapront, 1983; Chapront-Touz@ and Chapront, 1988b).

Since v0.15.0 you can install extra data les which allow access to the numerical integration
runs DE430 and DE431 (Folkner et al., 2014), and meanwhile also DE440 and DE441 (Park
etal., 2021), from NASA’s Jet Propulsion Laboratory (JPL). The data les have to be downloaded
separately, and most users will likely not need them. DE430 and DE440 provide highly accurate
data for the years +1550::: + 2650, while DE431 and DE441 covers years 13000:::+ 17000,
which allows e.g. archaeoastronomical research on Mesolithic landscapes. (But see Appendix F!)
Outside these year ranges, positional computation falls back to VSOP87.

Some current approximations may still lead to numerical data which differ slightly from best
possible ephemerides. Please at least compare with JPL Horizons!! for dependable results.

To enable use of these data, download the les from JPL'?:

80ver 83 thousand deep-sky objects in version 0.16.0.
9The rst number in the version of Stellarium DSO catalog means version of catalog structure, and the
second number means version of data.
Ohttps://github.com/Stellarium/stellarium-data/releases/tag/dso-3.20
Uhttps://ssd.jpl.nasa.gov/horizons.cgi
Phttps://ssd.jpl.nasa.gov/ftp/eph/planets/Linux/ (Also download from this directory if
you are not running Linux!)


https://github.com/Stellarium/stellarium-data/releases/tag/dso-3.20
https://ssd.jpl.nasa.gov/horizons.cgi
https://ssd.jpl.nasa.gov/ftp/eph/planets/Linux/

554

5.5 Getting Extra Data 63

Ephemeris  Filename MD?5 hash Size

DE430 Iinux_p1550p2650.430 707c4262533d52d59abaaaa5e69¢c5738 97.5MB
DE431 Inxm13000p17000.431 Tad0t432ae18c33019e14915fbT8960a 2.59GB
DE440 linux_p1550p2650.440 9dc8a9cefd32b0090002407847e718ba 97.5MB
DE441 Iinux_m13000p17000.441 4e3b924463d17b68ec9c4a18240300cd 2.59GB

The les can be placed in a folder named ephem inside either the installation directory or the
user directory (see 5.2). Alternatively, if you have them already stored elsewhere, you may add the
path to config. ini like:

[astro]

ded430_path = C:/Astrodata/JPL DE43x/linux_pl1550p2650.430
de431 path = C:/Astrodata/JPL_DE43x/1nxm13000p17000.431
ded440 _path = C:/Astrodata/JPL _DE44x/linux_pl550p2650.440
de441 path = C:/Astrodata/JPL_DE44x/1linux_m13000p17000 .441

For fast access avoid storing them on a network drive or USB pendrive!

You activate use of either ephemeris in the Con guration panel (F2]). If you activate more
than one, preference will be given for DE440 over DE441 if the simulation time allows it. Only
if DE44x are not enabled, DE430 is given preference over DE431 if simulation time allows it.
Outside of the valid times, VSOP87 will always be used.

Acknowledgement
The optional use of DE430/431 has been supported by the ESA Summer of Code in Space 2015
initiative.

GPS Position

In the Location panel (see section 4.2) you can receive your location from a GPS device. The exact
way to receive GPS location depends on your operating system.

GPSD (Linux, Mac OS X only)
On Linux, Mac-OS X and other Unixoid platforms, Stellarium preferably should not connect
directly to a GPS USB device, serial device, bluetooth device, etc., but use a connection to the gpsd
daemon running on a computer in your network which provides GPS services concurrently for any
interested application. In most cases, this will be a gpsd running on your localhost, receiving data
from some GPS device plugged in via USB. Please follow instructions by the gpsd authors!? to
properly con gure this system daemon. A few hints:
On Ubuntu 16.04 and likely other systems, USB hotplug devices are handled by the udev
daemon which detects newly plugged-in devices and creates device les in the /dev di-
rectory. Unfortunately, most GPS devices use the Proli ¢ 2303 chipset in their serial-to-
USB converter and are identi ed as such, without other unique information like serial
numbers. This chipset is also used in other Serial-to-USB converter cables, and to avoid
con icts the according rule has been disabled by the release managers of Ubuntu. In
/1ib/udev/60-gpsd.rules, ndthe commented line and re-activate it.
If you have such an USB GPS mouse and USB-to-serial converters for other purposes like
for your telescope control, you must solve the udev crisis in some other way to get gpsd
running. You may be able to nd some property in your device to uniquely identify this
device and write an udev rule to create the symlink in /dev/gps0 to which gpsd can then
connect.

Bhttps://gpsd.gitlab.io/gpsd/index.html


https://gpsd.gitlab.io/gpsd/index.html
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You can also connect to another computer which runs gpsd. This could be a little Raspberry
Pi computer which happens to be in your WiFi to allow localisation and time service. To
con gure this, you must manually edit config. ini. Find the [gui] section and edit

[gui]

# These values are used on non-Windows systems
# supporting GPSD

gpsd_hostname = localhost

gpsd_port = 2947

Also, gpsd must be started with the -G parameter to enable this.

Even your smartphone can be used as GPS data source’*: Apps like BlueNMEA can provide
these data for gpsd, but you must make sure to con gure hostname/IP Address and port
number correctly, for example

| sudo gpsd -n -D8 -S 1001 tcp://192.168.1.101:4352

which means

-n to start without a device connection

-D8 maximum debug level. When it works, use what suits you

-S 1001 provide service on port 1001

tcp Use this address:port combination to receive data from (IP of your smartphone, port
shown on BlueNMEA screen).

In case you really don’t want to use the gpsd, you can use a directly connected device, see

below. This is however not recommended when you have gpsd available.

NMEA Device

This mode is primarily for Windows users, but also for Linux and Mac users who don’t want to use
gpsd.

Virtually all GPS receivers are able to emit the standardized NMEA-0183 messages which
encode time, position, speed, satellite information and other data. The standard originally required
connection settings of 4800 baud, 8 bit, no parity, one stop bit (8N1), however some devices come
with faster transfer.

Compatible devices today are connected on a virtual COM port via USB. Unfortunately the
COM number seems to depend on the USB plug where you attach the receiver. You can identify
the port name (COM3, COM4, ...) in the Windows system con guration (Device Manager) or
with the software that came with your device.®®

If this is the only serial device, Stellarium should automatically connect to it regardless of
con guration entries. If you have a device with non-standard baudrate or several serial devices on
serial ports (e.g., your telescope?), you must nd out which serial port is used by the GPS device
and manually edit config. ini. Find the [gui] section and edit

[gui]
# These values are used on Windows primarily.
gps_interface = COM3

4800

gps_baudrate

14Thanks to user Caysho for this hint.
150n Linux, this may read /dev/ttyUSBO, /dev/gpsO0 or similar.
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From now on, always use the same USB plug con guration to connect GPS and telescope.'®
If GPS lookup fails, run Stellarium with the verbose option and see the log le for diagnostic
messages.

Bluetooth GPS

Most smartphones provide GPS and Bluetooth hardware. You can install a virtual COM port in your
Windows Bluetooth settings and use a smartphone app like Share GPS!’ to provide the NMEA
strings.

Windows location service

On Windows devices, you can get your location using the Windows location service. The result
depends on available hardware and other settings, e.g. real GPS sensor or network and WiFi
detection.8

Modernized MESA3D libraries (Software OpenGL on Windows)

Stellarium uses hardware-accelerated OpenGL for rendering. On very old Windows systems
without dedicated graphics hardware, or in special circumstances like virtual machines, hardware
accelerated graphics may not be available, and the Mesa3D software implementation of OpenGL is
used. This can also be forced by the command-line option --mesa-mode. Rendering the graphics
without hardware acceleration is of course much slower than accelerated graphics, but it’s surely
better than nothing.

Qt’s default Mesa library (Mesa 11) provides support for OpenGL 3.0 only. This prevents users
of all versions from applying dithering in Mesa mode. Also the ShowMySky skylight model (see
section 11.2.2) is then not available.

We have replaced this by a version of Mesa 20 compiled by Federico Dossena®® which appears
to be even a bit faster.

The Mesa3D project 2° meanwhile (2023) provides at least OpenGL 4.5. If you wish to use
more up to date precompiled binaries and have Administrator privileges on your Windows system,
you can replace this library using the following steps to install unof cial builds?. Note however
that after this upgrade, the program runs with considerably ( 35%7?) lower framerate. You must
decide whether this is really bene cial in your situation. The libraries don’t provide any additional
graphics features that Stellarium makes use of.

Download the latest release-msvc package as you need from https://github.com/pal
1000/mesa-dist-win/releases and unpack it somewhere.
Copy (x86]x64)/libglapi.dll,libgallium_wgl.dll,opengl32.dl1 to where the
executable stellarium.exe is.
Delete the existing opengl32sw.dl1
Rename the just-copied opengl32.d11 to opengl32sw.dll.
Now running Stellarium in Mesa mode (with link from program menu or command line) should
report to provide OpenGL 4.5.

16 Again, for Linux the port number is de ned in order of hotplugging by udev. You should develop an
udev rule which adds a unique name and use this. In this case, you may also need to add your user to the
dialout group (or whichever group owns your serial port). Better yet, use gpsd (see above).

Yhttps://play.google.com/store/apps/details?id=com. jillybunch.shareGPS

Bhttps://support.microsoft.com/en-us/windows/windows-location-service-and-pri
vacy-3a8eeela-5b0b-dc07-eede-2a5calc49088

Bhttps://fdossena.com/?p=mesa/index.frag

Dnttps://ww.mesa3d.org/

Anhttps://github.com/pal1000/mesa-dist-win/
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6.1 Command Line Options

Stellarium’s behaviour can be modi ed by providing parameters to the program when it is called
via the command line. See table for a full list:

Option | Option Parameter | Description

--help or -h [none] Print a quick command line help message,
and exit.

--Version or -v [none] Print the program name and version informa-

tion, and exit.

--con ¢- leor-c

con g lename

Specify the con guration le name. The de-

fault value is config. ini.

The parameter can be a full path (which will

be used verbatim) or a partial path.

Partial paths will be searched for inside the

regular search paths unless they start with a
., which may be used to explicitly specify

a lein the current directory or similar.

For example, using the option -c

my_config.ini would resolve to the
le <user directory>/my _config.ini

whereas -c ./my_config.ini can be used

to explicitly pointto the lemy_config.ini

in the current working directory.
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--log- le or -l log le name Specify the log le name. The default value
is log. txt.
Any path is stripped from the le-
name. When a path is speci ed like -1
/mypath/my_log.txt, the le will be writ-
ten to <user directory>/my log.txt

--restore-defaults [none] Stellarium will start with the default con gu-
ration. Note: The old con guration le will
be overwritten.

--user-dir path Specify the user data directory.

--screenshot-dir path Specify the directory to which screenshots
will be saved.

--full-screen yes or no Overrides the full screen setting in the con g

le.

--home-planet planet Specify observer planet (English name).

--latitude latitude Specify latitude, e.g. 41.1 or +53d58°16.6" *

--longitude longitude Specify longitude, e.g. 16.2 or -1d4°27.48" 1

--altitude altitude Specify observer altitude in meters.

--list-landscapes [none] Print a list of available landscape 1Ds and
exit.

--landscape landscape ID Start using landscape whose ID matches the
passed parameter (dir name of landscape).

--sky-date date The initial date in yyyymmdd format.

--sky-time time The initial time in hh:mm:ss format.

--startup-script script name The name of a script to run after the program

has started. [startup.ssc]

--fov \ angle (degrees) \ The initial vertical eld of view in degrees.
--scale-gui scale factor Scaling the GUI according to scale factor
--gui-css style name Use name.css to de ne GUI style
--projection-type ptype The initial projection type: one of

ProjectionPerspective
ProjectionEqualArea
ProjectionStereographic
ProjectionFisheye
ProjectionCylinder
ProjectionCylinderFill
ProjectionMercator
ProjectionMiller
ProjectionOrthographic
ProjectionHammer
ProjectionSinusoidal

1You may have to escape the minute/second characters, like +53d58\’16.6\"
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--spout or -S all or sky Act as Spout sender (See section 6.4).2:°

--spout-name name Use name as name of the Spout sender. De-
fault name: Stellarium.?

--verbose Even more diagnostic output in log le (esp.
multimedia handling)

--dump-opengl-details or -d [none] Dump information about OpenGL support to

log le. Use this is you have graphics prob-
lems and want to send a bug report.

--angle-mode or -a [none] Use ANGLE as OpenGL ES2 rendering en-
gine (autodetect Direct3D version).>*

--angle-d3d9 or -9 [none] Force use Direct3D 9 for ANGLE OpenGL
ES2 rendering engine.?*

--angle-d3d11 [none] Force use Direct3D 11 for ANGLE OpenGL
ES2 rendering engine.?#

--angle-warp [none] Force use the Direct3D 11 software raster-
izer for ANGLE OpenGL ES2 rendering en-
gine.2*

--mesa-mode or -m [none] Use MESA as software OpenGL rendering
engine.?

--single-buffer [none] Use single-buffering. This reportedly avoids
screen blanking problems with some Intel
GPUs.

--opengl-compat or -C [none] Request OpenGL 3.3 Compatibility Pro le.

Might x graphics problems in some driver
con gurations.

--low-graphics or -L [none] Force low-graphics mode. May be useful on
old GPUs that do support OpenGL 3.3 but
perform too slowly.

--no-audio [none] Disable sound output (avoids initialisation
problems on Virtual Machines or special
builds).

If you want to avoid adding the same switch every time when you start Stellarium from the
command line, you can also set an environment variable STEL_OPTS with your default options.

6.1.1 Examples

To start Stellarium using the con guration le configuration_one. ini situated in the
user directory (use either of these):

stellarium --config-file=configuration_one.ini
stellarium -c configuration_one.ini

To list the available landscapes, and then start using the landscape with the ID ocean

stellarium --list-landscapes
stellarium --landscape=ocean

20n Windows only
3This function requires running in OpenGL mode.
4Qt5-based Stellarium versions only
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Note that console output (like --list-landscapes) may not be possible on some Windows
systems.

Environment Variables

Some command-line options can be set permanently by storing them into environment variables.
How to set them depends on the respective operating system. Calling the respective options on the
command line still overrides an environment variable (apart from STEL_OPTS).

This may be especially helpful on Windows systems with older graphics cards which may not
fully be compatible with OpenGL. Here we recommend you either use the program links using
the ANGLE-related options, or you can set the environment variable once and forget about the
problems.

STEL_OPTS may contain a default commandline with options in the syntax of the table above.

STEL_USERDIR may contain the path to a user data directory deviating from the default (see
section 5.1).

QT_OPENGL 2 May be one of desktop (native OpenGL for your GPU, recommended), angle®
or software. The last activates pure software rendering using the MESA OpenGL library.
Note that command line options take precedence over this environment variable.

QT_ANGLE_PLATFORM 24 May be one of d3d9 (DirectX 9) or d3d11 (DirectX 11), or warp
for another software-only solution. Note that command line options take precedence over
this environment variable.

GUI Customizations

User interface colors

Some users have dif culties to read Stellarium’s rather dark user interface. Some screens may be
too dark, or environments too bright. Others nd it is still too bright, and they would prefer a real
dark mode . To allow this, you can create and load your own alternative style les.

The appearance of the windows, buttons etc. is governed by a CSS (Cascaded Style Sheet)

le. It certainly requires some knowledge and guessing to edit your own, but there is enough help

available online. You can nd the CSS les in Stellarium’s Github site®.

Copy them into your user directory and rename to e.g. myOwnGreatStyle.css. Edit numbers,
but do not change the item names! Then you can either launch Stellarium with the added command
line option like

| stellarium --gui-css myOwnGreatStyle
or you could also use the scripting option (see chapter 17):

| core.setGuiStyle( E
To go back to Stellarium’s default, just use

| core.setGuiStyle( );

If link colors in text panels are now dif cult to read, copy normalHtml .css from Github to
MyOwnGreatStyleHtml .css and modify to your taste.

Note that, as Stellarium evolves, these les also may change from version to version. We
cannot give any guarantees that one customized le will work without adaptation on later or earlier
versions of Stellarium.

Shttps://github.com/Stellarium/stellariun/blob/stellarium-stable/data/gui/nor
malStyle.css and https://github.com/Stellarium/stellarium/blob/stellarium-stable/
data/gui/normalHtml _css


https://github.com/Stellarium/stellarium/blob/stellarium-stable/data/gui/normalStyle.css
https://github.com/Stellarium/stellarium/blob/stellarium-stable/data/gui/normalStyle.css
https://github.com/Stellarium/stellarium/blob/stellarium-stable/data/gui/normalHtml.css
https://github.com/Stellarium/stellarium/blob/stellarium-stable/data/gui/normalHtml.css
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Button brightness
If you only want a bit brighter buttons, these can be tweaked separately in config. ini.

[gui]
pixmaps_brightness=1.25

The value is clamped to [1...1.8] to avoid making active and inactive buttons equally bright.

Text shadow

Some users complain the infotext is badly visible when there are trees or the Milky Way in the
background. This can also be mitigated in config. ini.

[gui]

flag_info_shadow=true

Spout

Apart from stand-alone use, Stellarium can be used as multimedia source in larger installations,
in museums or science exhibitions. Spout® is a technology which enables use of Stellarium’s
output window as texture in DirectX applications on Windows. Simply start Stellarium with the
--spout=sky command line option. (Currently Spout output is limited to the main window without
GUI panels, but this may change in future versions.) Your master application must obviously embed
a Spout receiver. The default name of the Spout sender is Stellarium. If you need more than
one instance of Stellarium acting as source, you can use option --spout-name=StelSpout2 in
addition to create another Spout sender without a name con ict. In such cases, it may be useful to
also have separate user data directories and use option --user-dir.

This mode does not work in ANGLE mode and requires modern graphics hardware with
the WGL_NV_DX_interop driver extension running in OpenGL mode. Some Nvidia GPUs work
without this extension listed explicitly. On a notebook with Nvidia Optimus technology, make
sure to launch Stellarium and SpoutReceiver (or your target application) on the Nvidia hardware.
For permanent setting, use the Nvidia con guration dialog to con gure Stellarium and the target
application explicitly to run always on the Nvidia card.

Note that Spout use disables any multisampling setting (see Appendix D.1.25).

Spherical Mirror Mode for Planetarium Use
IMMERSIVE-THEATRES.COM

With Stellarium it’s very easy to project the sky on a dome and create your own planetarium.

360 Projection
You can use either a very expensive sheye lens projector or a standard projector with a spherical
mirror. Not only is spherical mirror projection less expensive, but it produces a higher resolution
image on the dome’, and it’s very easy to upgrade the projector.

A planetarium spherical mirror is curved like a security mirror (convex safety mirror) with the
important difference that its “ rst surface’, i.e., the re ective silver, is not protected by a transparent

Shttps://spout.zeal .co/
"https://domeclub . com/#PxComp

v?24.4
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acrylic or polycarbonate layer. This allows light to be re ected without being refracted. Spherical
mirrors are therefore very delicate and should never be touched with ngers or wiped with a cloth.
A powerful dust blower is all you need to keep it clean.

There are two types of spherical mirror projection boxes: compact ‘Newtonians’ (spherical
mirror with an additional small mirror)®; or full-length boxes (spherical mirror only)®. The former
take up less space in the planetarium (but a little less light reaches the dome); whereas the latter
produce a slightly brighter image (but require more space in the planetarium).

Although commercial projection boxes are quite expensive (mainly due to the cost of the

rst-surface spherical mirror); it’s quite easy to build your own® and you can use a cheap convex
safety mirror for testing before investing ina rst-surface mirror.

Projector Speci cations
A major challenge with digital planetariums (360 cinemas) is the cross-re ection of light on the
dome. This is why projector contrast ratio and colour saturation are more important than brightness
(lumens). Light ‘bouncing’ around the dome causes the planetarium image to ‘wash out’ (lose
colour) so the higher the projector colour saturation, the better. Similarly, the higher the contrast
ratio, the sharper and crisper the planetarium image will be, especially the night sky.

4K projectors are now very affordable, allowing you to deliver the same high-quality visuals in
your small dome as large planetariums!

Computer Con guration
The best way to operate a planetarium is with a dual display arrangement, i.e., computer screen as
the primary (main) display, and projector as the secondary (extended) display.

This way the Stellarium remote control window, desktop shortcuts, other applications, etc., will
only be visible to you. The audience will only see what you want them to see. To ensure there’s
always something nice on the dome (even with no application open), use a high-resolution image
of stars as your desktop wallpaper.

To function as a planetarium, Stellarium should be con gured to open in full screen mode on
the extended display (see below).

System Con guration

To minimise image distortion at the back of the dome, it’s worth carrying out the slightly complex
Meshmapper con guration®. This creates a custom distortion le for your speci ¢ system (i.e.,
your dome diameter, stand height, spherical mirror dimensions); and the image improvement will
be remarkable!?. This custom distortion le (‘warp mesh data le’) can then be used with dome
applications like Stellarium.

Stellarium Con guration
To enable planetarium spherical mirror projection, the config.ini le needs to include the
following:

[navigation]

init_fov = 180
[projection]

type = ProjectionFisheye

8https://www.eplanetarium.com/projector_newtonian.php

Shttps://myplanetarium.com/projection-dome-system

Ohttps://docs.worldwidetelescope.org/diy-planetarium-dome/1/dome/#setting-up-t
he-projector-and-mirrors

Uhttps://paulbourke.net/dome/meshmapper

https://domeclub.com/images/Meshmapper-1152w. jpg
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auto_zoom_out_resets _direction = true

[video]

fullscreen = true

viewport _effect = sphericMirrorDistorter

screen_number = 1

[spheric_mirror]

distorter_max_fov = 180

dome_radius = 5.0 (note: regardless of your actual dome radius)
image_distance_div_height = 2.67

mirror_position x = 0

mirror_position_y = 5

mirror_position_z = 0

mirror_radius = 0.37 (regardless of your actual mirror radius)

Stellarium also has built-in options to help you project the best possible planetarium night
sky. In a planetarium, removing the Stellarium atmosphere results in a much darker (and more
beautiful) night sky. Yet without the atmosphere, the stars stop twinkling and meteors (shooting
stars) disappear which is correct for the real sky, but not what you may desire in the planetarium.
To maintain twinkling and meteors even without the atmosphere, manually add the following lines
to the config.ini le:

[stars]

flag forced twinkle = true

[astro]

flag_forced _meteor_activity = true

Another useful con guration for planetariums is to completely hide the vertical and horizontal
toolbars on the dome:

[gui]

flag_show_gui = false

The following are also recommended (adjust the values to your preference):

[viewing]
flag_moon_scaled = true
moon_scale = 8.00
[astro]

meteor_zhr = 3000

[ landscape]

flag_fog = false

[stars]

absolute _scale = 6.00
flag_star_twinkle = 1.00
flag_star_spiky = false
relative_scale = 0.70
star_twinkle_amount = 0.50
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Further notes
This feature is rarely used by the current developers and cannot be tested on standard hardware.
See ongoing discussion on Github®® and get involved.

Immediate Storage of Settings

After changing view settings, clicking some checkboxes, . ..to make your system display what you
need, you must call the main Settings dialog and press [Save Settings|. This is to let beginning users
just quit the program in case they moved into confusing settings terrain . Location and landscape
settings are of such fundamental importance that they are stored only in their respective dialogs.

Some users prefer to have their changes applied and stored immediately, so that they are applied
also on next program launch. Stellarium is on its way to support both modes, but the process is
slow, there are hundreds of detail settings to convert. If you already want to apply immediate
mode for settings e.g. in the DSO or Landscape dialogs, you can enable a ag manually by editing
config.ini:

[gui]

immediate _save details = true

Users of this mode are expected to know where settings are and how to change them.

Bnttps://github.com/Stellarium/stel larium/issues/1914 and
https://github.com/Stellarium/stellarium/issues/3535
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Landscapes are one of the key features that make Stellarium popular. Originally just used for
decoration, since version 10.6 they can be con gured accurately for research and demonstration
in skyscape astronomy , a term which describes the connection of landscape, the sky above, and
the observer (D. Brown, 2015). Con gured properly, they can act as reliable proxies of the real
landscapes, so that you can take e.g. measurements of sunrise or stellar alignments (Zotti and
Neubauer, 2015), or prepare your next moonrise photograph, as though you were on-site.

In this chapter you can nd relevant information required to accurately con gure Stellarium
landscapes, using panoramas created from photographs taken on-site, optionally supported by
horizon measurements with a theodolite.

Creating an accurate panorama requires some experience with photography and image process-
ing. However, great open-source tools have been developed to help you on the job. If you already
know other tools, you should be able to easily transfer the presented concepts to those other tools.

While you are editing a landscape, you may want to reload it frequently. Turn off caching by
editing the config.ini:

[ landscape]
cache_size mb = 0

Stellarium Landscapes

As of version 0.15, the available landscape types are:

polygonal A point list of measured azimuth/altitude pairs, used to de ne a sharp horizon polygon.
The area below the horizon line is colored in a single color (Section 7.1.2).

spherical The simple form to con gure a photo-based panorama: A single image is used as texture
map for the horizon (Section 7.1.3).
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old_style The original photo panorama. This is the most dif cult to con gure, but allows highest
resolution by using several texture maps (Section 7.1.4).
sheye Another 1-texture approach, utilizing an image made with a sheye lens. This land-
scape suffers from calibration uncertainties and can only be recommended for decoration
(Section 7.1.5).

A landscape consists of a landscape. ini plus the data les that are referenced from there,
like a coordinate list or the textures. Those reside in a subdirectory of the landscape folder inside
the Stellarium program directory, or, for own work, in a subdirectory of the landscape folder
inside your Stellarium user data directory (see section 5.1).

Let us assume we want to create a landscape for a place called Rosenburg. The location for the

les of our new custom landscape Rosenburg depends on the operating system (see 5.1). Create a
new subdirectory, and for maximum compatibility, use small letters and no spaces:

Windows C:/Users/YOU/AppData/Roaming/Stellarium/landscapes/rosenburg

Linux ~/ .stellarium/landscapes/rosenburg

Mac $HOME/Library/Application Support/Stellarium/landscapes/rosenburg

Location information

This optional section in landscape. ini allows automatic loading of site coordinates if this option
is activated in the program GUI (see 4.4.5). For our purposes we should consider especially the
coordinates in the location section mandatory!

[location]

planet = Earth

country = Austria

name = KGA Rosenburg

latitude = +48d38°3.3"
longitude = +15d3872.8"
altitude = 266

timezone = Europe/Vienna

light pollution =1
atmospheric_extinction_coefficient = 0.2
display_fog = 0
atmospheric_temperature = 10.0
atmospheric_pressure = 1013.0

Where:

planet Is the English name of the solar system body for the landscape.

latitude Is the latitude of site of the landscape in degrees, minutes and seconds. Positive values
represent North of the equator, negative values South of the equator.

longitude Is the longitude of site of the landscape. Positive values represent East of the Green-
wich Meridian on Earth (or equivalent on other bodies), Negative values represent Western
longitude.

altitude Is the altitude of the site of the landscape in meters.

country (optional) Name of the country the location is in.

state (optional) Name of the state the location is in.

timezone (optional) IANA Timezone code

name (optional) Name of the location. This may contain spaces, but keep it short to have it fully
visible in the selection box.

Since v0.11.0, there are a few more optional parameters that can be loaded if the according switch

is active in the landscape selection panel. If they are missing, the parameters do not change to
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defaults.

light_pollution (optional) Light pollution of the site, given on the Bortle Scale (1: none ... 9:
metropolitan; see Appendix B). If negative or absent, no change will be made.

atmospheric_extinction_coefficient (optional, no change if absent.) Extinction coef cient
(mag/airmass) for this site.

atmospheric_temperature (optional, no change if absent.) Surface air temperature (Degrees
Celsius). Used for refraction. Set to -1000 to explicitly declare no change .

atmospheric_pressure (optional, no change if absent.) Surface air pressure (mbar; would be
1013 for normal sea-level conditions). Used for refraction. Setto -2 to declare no change |,
or -1 to compute from altitude.

display_fog (optional, -1/0/1, default=-1) You may want to precon gure setting O for a landscape
on the Moon. Set -1 to declare no change .

Polygonal landscape

This landscape type has been added to allow the use of measured horizons. Users of Cartes du
Ciel' will be happy to hear that the format of the list of measurements is mostly compatible.

This is the technically simplest of the landscapes, but may be used to describe accurately
measured horizon pro les. The le that encodes horizon altitudes can also be used in all other
landscape types. If present there, it will be used to de ne object visibility (instead of the opacity of
the landscape photo textures) and, if horizon_line_color is de ned, will be plotted.

There are a few little caveats:

If you create a polygonal line with vertex azimuths 0, 90, 180, 270 (exactly), the horizon
may not show up at all. Add a tiny nonzero value to the global rotation, like

polygonal _angle_rotatez = 0.0000001

Sometimes, there may appear vertical lines from some corners towards the zenith or the
mathematical horizon, e.qg. if there is a vertex including azimuth 0 or 180. If this irritates
you, just offset this azimuth minimally (e.g., 180.00001).
As technical requirement, the zenith is always assumed to remain free and uncovered. It is
not possible to de ne a dome cutout or similar restricted views out of a window. Such
effect can be achieved with a Spherical Landscape (see section 7.1.3).
The landscape.ini le for a polygonal type landscape looks like this (this example is based on
the Geneve landscape which was borrowed from Cartes du Ciel and comes with Stellarium):

[ landscape]
name = Geneve
type = polygonal
author = Georg Zotti; Horizon definition by Patrick Chevalley
description = Horizon line of Geneve.
Demonstrates compatibility with
horizon descriptions from Cartes du Ciel.
polygonal _horizon_list = horizon_Geneve. txt
polygonal _angle_rotatez = 0
ground _color = .15,.45, .45

Where:
name appears in the landscape tab of the con guration window.
type identi esthe method used for this landscape. polygonal in this case.

1SkyChart / Cartes du Ciel planetarium: https://www.ap-i.net/skychart/en/start
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author lists the author(s) responsible for images and composition.

description gives a short description visible in the selection panel. The text can be superseded
by optional description.<lang>.utf8 les.

polygonal _horizon_list is the name of the horizon data le for this landscape.

polygonal _horizon_list_mode (optional)the two rst columns in the listare numbers: azimuth
and altitude or zenith distance, in either degrees or radians or gradians(gon). The value must
be one of azDeg_altDeg, azDeg_zdDeg, azRad_altRad, azRad_zdRad, azGrad_altGrad,
azGrad_zdGrad. Default: azDeg_altDeg

polygonal_angle_rotatez (optional, default=0) Angle (degrees) to adjust azimuth. This may
be used to apply a (usually) small offset rotation, e.g. when you have measured the horizon
in a grid-based coordinate system like UTM and have to compensate for the meridian
convergence.

ground_color (optional, default=0,0,0, i.e., black) Color for the area below the horizon line.
Each R,G,B component isa oat within 0..1.

minimal_brightness (optional) Some minimum brightness to keep landscape visible. Default=-
1,i.e.,use minimal_brightness from the [landscape] section in the global config. ini.

minimal_altitude (optional, default=-2) Some sky elements, e.g. stars, are not drawn below
this altitude to increase performance. Under certain circumstances you may want to specify
something else here. (since v0.14.0)

polygonal_horizon_inverted (optional, default=false; only required in v0.15.0 0.20.2) In rare
cases like horizon lines for high mountain peaks with many negative horizon values this
should be set to true.

No longer used:

horizon_line_color (optional, default: invisible) used to draw a polygonal horizon line. This is
now a global setting, config. ini:landscape/polygon_color.

Arti cial Polygonal Panoramas

The online service HeyWhatsThat? allows an SRTM-based analysis of the viewshed (the visible
topographic area) for an observing location which also gives names for the mountain peaks visible
at a given location. In summer of 2020 a dedicated landscape download option for Stellarium was
added (see upper-right corner), so that you can install a custom landscape. Its package/directory
name is stel larium-landscape. If you create more than one, you must rename the directory.
You may also want to extend the scene description in landscape. ini.
A data download option provides users inclined to do some programming with the necessary
data to create a polygonal landscape for Stellarium. From this, BRIAN DOYLE has created another
online service, horizONE?, which does just this work for you.
1. When your viewshed analysis has been created in HeyWhatsThat, enter the all panoramas
tab, and on the map click the marker associated with the panorama. Select make public .

2. Then, take the landscape key given to you by HeyWhatsThat*, add a few lines of description
and other details that will become visible and used in Stellarium, and you receive a ZIP le
ready for installation in Stellarium (see section 4.4.5).

A similar web service, PeakFinder®, meanwhile also allows downloading the horizon polygon
as installable landscape for Stellarium. A great feature of this service is the excellent gazetteer
(peak identi cation) also visible on the website.

2https://www.heywhatsthat.com/
3https://briandoylegit.github.io/horiZONE/

4in the line https://www.heywhatsthat.com/?view=N15ABXY
Shttps://www.peakFinder.com
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Spherical landscape

This method uses a more usual type of panorama the kind which is produced directly from
software such as autostitch or Hugin®. The Moon landscape which comes with Stellarium
provides a minimal example of a landscape. ini le for a spherical type landscape:

[ landscape]

name = Moon

type = spherical
maptex = apollol7.png

A more elaborate example is found with the Grossmugl landscape:

[ landscape]

name = Grossmugl

type = spherical

author = Guenther Wuchterl, Kuffner-Sternwarte.at;

Lightscape: Georg Zotti

description = Field near Leeberg, Grossmugl (Riesentumulus),
Austria - Primary Observing Spot of the Grossmugl
Starlight Oasis - http://starlightoasis.org

maptex = grossmugl_leeberg _cropll.25.png

maptex_top=11.25

maptex_fog = grossmugl_leeberg_fog _crop22.5.png

maptex_ fog _top = 22.5

maptex_fog_bottom = -22.5

maptex_illum = grossmugl leeberg illum crop0.png

maptex_illum_bottom = 0

angle _rotatez=-89.1

minimal_brightness = 0.0075

polygonal _horizon_list = horizon_grossmugl. txt

polygonal _angle_rotatez=0

minimal _altitude = -1

Where:

name appears in the landscape tab of the con guration window. This name may be translated.

type identi esthe method used for this landscape. spherical in this case.

author lists the author(s) responsible for images and composition.

description gives a short description visible in the selection panel. The text will be superseded
by optional description.<lang>.utf8 les.

maptex is the name of the image le for this landscape.

maptex_top (optional; default=90) is the altitude angle of the top edge.

maptex_bottom (optional; default=-90) is the altitude angle of the bottom edge. Usually you will
not require this, or else there will be a hole at your feet, unless you also specify

bottom_cap_color (optional; default=-1.0,0.0,0.0 to signal no color ). If set, this is used to
close any hole in the nadir area (if maptex_bottom higher than -90).

maptex_fog (optional; default: no fog) is the name of the fog image le for this landscape.

maptex_fog_top (optional; default=90) is the altitude angle of the top edge of the fog texture.
Useful to crop away parts of the image to conserve texture memory.

maptex_fog_bottom (optional; default=-90) is the altitude angle of the bottom edge.

Shttp://hugin.sourceforge.net/
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maptex_illum (optional; default: no illumination layer) is the name of the nocturnal illumina-
tion/light pollution image le for this landscape.

maptex_illum_top (optional; default=90) is the altitude angle of the top edge, if you have light
pollution only close to the horizon.

maptex_illum_bottom (optional; default=-90) is the altitude angle of the bottom edge.

angle_rotatez (optional, default=0) Angle (degrees) to adjust azimuth. If 0, the left/right edge
is due east.

tesselate_rows (optional, default=20) This is the number of rows for the maptex. If straight
vertical edges in your landscape appear broken, try increasing this value, but higher values
require more computing power. Fog and illumination textures will have a similar vertical
resolution.

tesselate_cols (optional, default=40) If straight horizontal edges in your landscape appear
broken, try increasing.

polygonal_horizon_list (optional) is the name of the (measured) horizon data le for this
landscape. Can be used to de ne the exact position of the horizon. If missing, the texture
can be queried for horizon transparency (for accurate object rising/setting times)

polygonal _horizon_list mode (optional) see 7.1.2

polygonal_angle_rotatez (optional, default=0) see 7.1.2

minimal_brightness see 7.1.2

minimal_altitude (optional, default=-2) Some sky elements, e.g. stars, are not drawn below
this altitude for ef ciency. Under certain circumstances (e.g. for space station panoramas
where you may have sky below your feet, or for deep valleys/high mountains, you may want
to specify something else here.

To save texture memory, you can trim away the transparent sky and de ne the angle maptex_top.

Likewise, fogtex_top, fogtex bottom, maptex_illum_top and maptex_illum_bottom. You

should then stretch the texture to a full power of 2 for maximum compatibility, like 4096 1024

(but note that some hardware is even limited to 2048 pixels). The easiest method to create perfectly

aligned fog and illumination layers is with an image editor that supports layers like the GIMP or

Photoshop. Fog and Light images should have black background.

High resolution ( Old Style ) landscape

The old_style or multiple image method works by having the 360 panorama of the horizon
(without wasting too much texture memory with the sky) split into a number of reasonably small
side textures, and a separate ground texture. This has the advantage over the single-image method
that the detail level of the horizon can be increased without ending up with a single very large image
le, so this is usable for either very high-resolution panoramas or for older hardware with limited
capabilities. The ground texture can be a different resolution than the side textures. Memory usage
may be more ef cient because there are no unused texture parts like the corners of the texture le
in the sh-eye method. It is even possible to repeat the horizon several times (for purely decorative
purpose). The side textures are mapped onto curved (spherical ring or cylinder) walls (Fig. 7.1).
On the negative side, it is more dif cult to create this type of landscape merging the ground
texture with the side textures can prove tricky. (Hugin can be used to create also this le, though.
And on the other hand, you can replace this by something else like a site map.) The contents of
the landscape. ini le for this landscape type is also somewhat more complicated than for other
landscape types. Here is the landscape.ini le which describes our Rosenburg landscape’:

[ landscape]
name = KGA Rosenburg

’the groundtex grassground.png mentioned here has been taken from the Guereins landscape.
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Figure 7.1: Old_style landscape: eight parts delivering a high-resolution panorama. The
bottom (ground) texture, drawn on a at plane, is not shown here.

author = Georg Zotti, VIAS/ASTROSIM
description = KGA Rosenburg

type = old_style

nbsidetex = 8

tex0 = Horiz-0.png
texl = Horiz-1.png
tex2 = Horiz-2.png
tex3 = Horiz-3.png
tex4 = Horiz-4.png
tex5 = Horiz-5.png
tex6 = Horiz-6.png
tex7 = Horiz-7.png
nbside = 8

side0 = tex0:0:0:1:1
sidel = tex1:0:0:1:1
side2 = tex2:0:0:1:1
side3 = tex3:0:0:1:1
side4 = tex4:0:0:1:1
side5 = tex5:0:0:1:1
side6 = tex6:0:0:1:1

side7 = tex7:0:0:1:1

groundtex = grassground.png

ground = groundtex:0:0:1:1

nb_decor_repeat = 1

decor_alt_angle = 82

decor_angle_shift = -62

; Rotatez deviates from -90 by the Meridian Convergence.
; The original landscape pano is grid-aligned,
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; nhot north-aligned!

decor_angle _rotatez = -90.525837223
ground_angle_shift = -62
ground_angle _rotatez = 44.474162777
draw_ground_first = 1

fogtex = fog.png

fog_alt_angle = 20

fog_angle_shift = -3

fog = fogtex:0:0:1:1

calibrated = true

[location]

planet = Earth

latitude = +48d38°3.3"

longitude = +15d38°2.8"

altitude = 266

light_pollution = 1
atmospheric_extinction_coefficient = 0.2
display_fog = 0
atmospheric_temperature = 10.0
atmospheric_pressure = 1013.0

Where:

name is the name that will appear in the landscape tab of the con guration window for this
landscape

type should be old_style for the multiple image method.

author lists the author(s) responsible for images and composition.

description gives a short description visible in the selection panel. The text will be superseded
by optional description.<lang>.utf8 les.

nbsidetex is the number of side textures for the landscape.

tex0 ... tex<nbsidetex-1> are the side texture le names. These should exist in the
textures / landscapes / landscape directory in PNG format.
lightO ... light<nbsidetex-1> areoptional textures. If they exist, they are used as overlays

on top of the respective tex<...> les and represent nocturnal illumination, e.g. street
lamps, lit windows, red dots on towers, sky glow by city light pollution, ... Empty (black)
panels can be omitted. They are rendered exactly over the tex<...> les even when the
PNG les have different size. If you need your light pollution higher in the sky, you must
use a spherical or sheye landscape.

nbside is the number of side textures

side0 ...side<nbside-1> are the descriptions of how the side textures should be arranged in
the program. Each description contains ve elds separated by colon characters (:). The

rst eld is the ID of the texture (e.g. tex0), the remaining elds are the texture coordinates

(x0:y0:x1:yl) used to place the texture in the scene. If you want to use all of the image,
this will just be 0:0:1: 1.

groundtex is the name of the ground texture le. (This could also be a diagram e.g. indicating
the mountain peaks!)

fogtex is the name of the texture le for fog in this landscape. Fog is mapped onto a simple
cylinder.2 Note that for this landscape, accurate overlay of fog and landscape is only
guaranteed if cal ibrated=true and tan_mode=true

81n very wide-angle views, the fog cylinder may become visible in the corners.
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nb_decor_repeat is the number of times to repeat the side textures in the 360 panorama. (Useful
photo panoramas should have 1 here)

decor_alt_angle (degrees) is the vertical angular extent of the textures (i.e. how many degrees
of the full altitude range they span).

decor_angle_shift (degrees) vertical angular offset of the scenery textures, at which height the
bottom line of the side textures is placed.

decor_angle_rotatez (degrees) angular rotation of the panorama around the vertical axis. This
is handy for rotating the landscape so North is in the correct direction. Note that for historical
reasons, a landscape with this value set to zero degrees has its leftmost edge pointing towards
east.

ground_angle_shift (degrees) vertical angular offset of the ground texture, at which height
the ground texture is placed. Values above -10 are not recommended for non-photographic
content (e.g., a map) due to high distortion.

ground_angle_rotatez (degrees) angular rotation of the ground texture around the vertical axis.
When the sides are rotated, the ground texture may need to be rotated as well to match
up with the sides. If 0, east is up. if North is up in your image, set this to 90. Note that
adjustments of decor_angle_rotatez require adjustments of this angle in the opposite
direction!

fog_alt_angle (degrees) vertical angular size of the fog cylinder - how fog looks. Accurate
vertical size requires calibrated=true.

fog_angle_shift (degrees) vertical angular offset of the fog texture - at what height is it drawn.
Accurate vertical placement requires cal ibrated=true.

draw_ground_first if true or 1° the ground is drawn in front of the scenery, i.e. the side textures
will overlap over the ground texture if ground_angle_shift > decor_angle_shift.

calibrated (optional). Only if true, decor_alt_angle etc. really work as documented above.
The (buggy) old code was left to work with the landscapes already existing. Note that with

uncalibrated landscapes, sunrise computations and similar functionality which requires an

accurate horizon line will not work.

tan_mode (optional, not used in this le). If true, the panorama image must be in in cylindrical,
not equirectangular projection. Finding decor_alt_angle and decor_angle_shift may
be a bit more dif cult with this, but now (v0.13.0) works also with calibrated. A fog image
created as overlay on the pano will be perfectly placed.

polygonal_horizon_list (optional) see 7.1.3

polygonal _horizon_list _mode (optional) see 7.1.2

polygonal_angle_rotatez (optional, default=0) see 7.1.2

minimal_brightness (optional) see 7.1.2

minimal_altitude (optional) see 7.1.2

Fisheye landscape

The Trees landscape that is provided with Stellarium is an example of the single sh-eye method,
and provides a good illustration. The centre of the image is the spot directly above the observer
(the zenith). The point below the observer (the nadir) becomes a circle that just touches the edges
of the image. The remaining areas of the image (the corners outside the circle) are not used.

The image le (Fig. 7.2) should be saved in PNG format with alpha transparency. Wherever
the image is transparent Stellarium will render the sky.

The landscape.ini lefora sh-eye type landscape looks like this (this example is based on
the Trees landscape which comes with Stellarium):

9Boolean values true | false preferred since V0.19.3, but 0] 1 are still accepted.
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Figure 7.2: Texture for the Trees Fisheye landscape.

[ landscape]

name = Trees

type = fisheye

author = Robert Spearman. Light pollution image: Georg Zotti
description = Trees in Greenlake Park, Seattle
maptex = trees_512.png

maptex_illum = trees_illum_512.png

maptex_fog = trees_fog 512 .png

texturefov = 210

angle_rotatez = 17

tesselate_rows = 28

tesselate _cols = 60

Where:
name appears in the landscape tab of the con guration window.
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type identi esthe method used for this landscape. fisheye in this case.

author lists the author(s) responsible for images and composition.

description gives a short description visible in the selection panel. The text will be superseded
by optional description.<lang>.utf8 les.

maptex is the name of the image le for this landscape.

maptex_fog (optional) is the name of the fog image le for this landscape.

maptex_illum (optional) is the name of the nocturnal illumination/light pollution image le for
this landscape.

texturefov isthe eld of view that the image covers in degrees.

angle_rotatez (optional) Angle (degrees) to adjust azimuth.

tesselate_rows (optional, default=20) If straight edges in your landscape appear broken, try
increasing.

tesselate_cols (optional, default=40) If straight edges in your landscape appear broken, try
increasing.

polygonal _horizon_list (optional) see 7.1.3

polygonal_horizon_list_mode (optional) see 7.1.2

polygonal_angle rotatez (optional, default=0) see 7.1.2

minimal_brightness (optional) see 7.1.2

minimal_altitude (optional) see 7.1.2

Description

The short description entry in landscape. ini will be replaced by the contents of an optional

le description.<LANG>.utf8. <LANG> is the ISO 639-1 language code, or its extension which
contains language and country code, like pt_BR for Brazilian Portuguese. The long description
requires the le description.en.utf8, this is en=english text with optional HTML tags for
sections, tables, etc. You can also have embedded images in the HTML (Views of sacred landscapes,
other informative images, ... ?), just make them PNG format please. The length of the description
texts is not limited, you have room for a good description, links to external resources, whatever
seems suitable.

If you can provide other languages supported by Stellarium, you can provide translations
yourself, else Stellarium translators may translate the English version for you. (It may take years
though.) The le ending .utf8 indicates that for special characters like —™ A% you should use
UTF8 encoding. If you write only English/ASCII, this may not be relevant.

Gazetteer

An optional feature for landscapes is a gazetteer function, i.e., labels for landscape features. The
Grossmugl landscape demonstrates an example and should be self-explanatory. This is again
multilingual, so the les are called gazetteer.<LANG>.utf8.

# demo gazetteer for Grossmugl landscape.

# Can be used to better describe the landscape,

# i.e. show labels on landscape features.

# Fields must be separated by vertical line,

# label must not have such a vertical line.

# Comments have this hash mark in first column.

# coordinates in degrees from true North.

# line towards zenith draws a single line strictly upward.

# label is centered on line endpoint.

# Azimuth | Altitude | degrees | azimuth | label

# | | towards zenith | shift |

113.66 | 5.5 | 4 | -6 | Leeberg

35 | 1.5 | 2.5 | 0 | Grossmugl
335 | 2 | 2 | 0 | Steinabrunn
305 | 2 | 1 | 0 | Ringendorf
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180 | 2 | 2 | 0 | Vienna (30km)
135 | 2 | 0.5 | 0 | Wind power plant Strasshof

Packing and Publishing

You likely have developed your landscape already in your own Stellarium user data directory,
but when you are happy with your work, you may consider sharing it with other users. For easy
distribution and installation via Stellarium’s GUI (see section 4.4.5), you should create a ZIP

le. This must contain landscape.ini and any textures and auxiliary les described above
(description.en.utf8, gazetteer._en.utf8 and their translations, horizon les, images for
the description ...) used by your landscape. If you want to release the landscape for download,
consider adding a README . txt clarifying license and usage conditions. It does not matter whether
the ZIP le contains a directory name inside the ZIP. If not, the directory name (ID) of the landscape
will be taken from the ZIP le name.

Creating Panorama Photographs for Stellarium

Panorama Photography

Traditional Im-based panorama photography required dedicated cameras with curved Im holders
and specialized lenses (Figure 7.3).

Digital photography has brought a revolution also in this eld, and it has become quite easy to
create panoramas simply by taking a series of photographs with a regular camera on the same spot
and combining them with dedicated software.

A complete panorama photo visually encloses the observer like the mental image that as-
tronomers have been using for millennia: the celestial sphere. If we want to document the view,
say, in a big hall like a church, optimal results will be gained with a camera on a tripod with a
specialized panorama head (Figure 7.4) which assures the camera rotates around the entrance
pupil® of the lens in order to avoid errors by the parallax shift observed on photographs taken on
adjacent but separate positions.

Often however, both the upper half of the observer’s environment (the sky) and the ground
the photographer is standing on, are regarded of lesser importance, and only a series of laterally
adjacent photographs is taken and combined into a cylindrical or spherical ring that shows the
landscape horizon, i.e., where ground and sky meet. If the closest object of interest is farther
away that a few metres, requirements on parallax avoidance are far less critical, and the author has
taken lots of landscape panoramas with a camera on the usual tripod screw, and even more entirely
without a tripod. However, any visible errors that are caused by a shifted camera will require more
effort in postprocessing.

When you have no tripod, note that you must not rotate the camera on your outstretched arm!
Rather, the camera’s entrance pupil must be rotated, so you should appear to dance around the
cameral

The images should match in brightness and white balance. If you can shoot in RAW, do so to
be able to change white balance later. If the camera can only create JPG, ensure you have set the
camera to a suitable white balance before taking the photos and not to auto , because this may

01n many references you will nd Nodal Point mentioned here. But see these: https://en.w
ikipedia.org/wiki/Cardinal_point_%28optics%29#Nodal_points, http://web.archive.
org/web/20060513074042/http://doug.kerr_home.att.net/pumpkin/Pivot_Point.pdf,
http://www. Janrik.net/PanoPostings/NoParallaxPoint/TheoryOfTheNoParal laxPoint.pdf


https://en.wikipedia.org/wiki/Cardinal_point_%28optics%29#Nodal_points
https://en.wikipedia.org/wiki/Cardinal_point_%28optics%29#Nodal_points
http://web.archive.org/web/20060513074042/http://doug.kerr.home.att.net/pumpkin/Pivot_Point.pdf
http://web.archive.org/web/20060513074042/http://doug.kerr.home.att.net/pumpkin/Pivot_Point.pdf
http://www.janrik.net/PanoPostings/NoParallaxPoint/TheoryOfTheNoParallaxPoint.pdf
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Figure 7.3: Zenit Horizon 202 panorama camera with rotating lens for 35mm Im.
(Source: Wikipedia, Horizon202 by BillC - Own Work. Licensed under CC BY-SA 3.0 via Wikimedia
Commons - https://commons.wikimedia.org/wiki/File:Horizon202. jpg)

Figure 7.4: Automated panorama head. (Source: Wikipedia https://commons.wikimedia.org/
wiki/File:Rodeon_vr_head_01.jpg)


https://commons.wikimedia.org/wiki/File:Horizon202.jpg
https://commons.wikimedia.org/wiki/File:Rodeon_vr_head_01.jpg
https://commons.wikimedia.org/wiki/File:Rodeon_vr_head_01.jpg
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nd different settings and thus give colour mismatches. Exposure brightness differences can be
largely removed during stitching, but good, well-exposed original shots always give better results.

As a general recommendation, the images of a panorama should be taken from left to right,
else please accordingly invert some of the instructions given below.

There are several panorama making programs. Often they are included in the software that
comes with a digital camera and allow the creation of simple panoramas. Other software titles are
available for purchase. However, there is one cost-free open-source program that does everything
we need for our task, and much more:

7.2.2 Hugin Panorama Software

Hugin'!, named after one of the ravens that sits on Odin’s shoulder and tells him about the world,
is a user-friendly catch-all package with graphical user interface that allows creating panoramas
with a single application. Actually, Hugin is a GUI application which calls several specialized
sub-programs with tting parameters. The instructions are based on Hugin V2014.0 and 2015.0.

Typically digital images come in JPG format with information about camera, lens, and settings
stored in invisible metadata in the EXIF format. When Hugin reads such images, it can automatically
derive focal length, eld of view, and exposure differences (exposure time, aperture, color balance)
to create panoramas as easily as possible.

After starting Hugin for the rst time, select[Interface )) Expert| to release several options not
visible to beginners . In the Preferences dialog ([Files )) Preferences)), edit number of CPU to
match the number of cores in your computer and allow parallel processing. E.g., if you have an
Intel Core-i7, you usually can set up to 8 cores (4 cores with hyperthreading; but maybe leave
one core for your other tasks while you wait for a processing job?). If your PC is equipped with a
modern programmable graphics card, you can enable its use in the tab with activating

Use GPU for remapping .
After that, we are ready for creating our panoramas.

7.2.3 Regular creation of panoramas

The graphical user interface (GUI) consists of a main menu, symbols, and 4 tabs. We start on the
tab Photos.
Opens a le browser. Select the images which you want to stitch. Usually,
lens data (focal length, horizontal eld of view'?, ...) are read from the EXIF data. If those
are not available (e.g. cheap cameras, images scanned from Im), you can enter those data on
loading or later. The images are now listed in the le list, and you can edit image parameters
by marking one or more, and then choosing from the context menu which you get from
pressing the right mouse button. In case you have used different lenses (or inadvertently
used different focal lengths of a zoom lens), you can assign separate lenses to the images.
Caveat: If you have resized the images, or produced copied on your RAW converter with
non-native resolution, the horizontal Field of View (FoV) in Hugin may be misidenti ed.
You must edit lens parameters and Il in the eld of view from a full-size image. Else the
rst round of optimisation will run into unsolvable trouble.
Select one image as position anchor (usually the center image), and one as exposure anchor
(this can be the same image). For our purpose, the anchor image should face south.
Next, we must nd common feature points. The next eld below provides the required
settings. It is recommended to use the CPFind command. To avoid nding control points in
(moving) clouds, select setting[Hugin’s CPFind + Celeste '3, Then press|Create control points|,

Uhttp://hugin.sourceforge.net/
L2contrary to Stellarium, eld of view (FoV) in Hugin means the horizontal extent in degrees.
131f you forget this, you can remove cloud points by calling Celeste in the control point editor later


http://hugin.sourceforge.net/
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This opens a dialog box in which you can see output of the selected feature point extractor.
It should nish with a box telling you the number of identi ed points. In rare cases some
images cannot be linked to others, you will have to manually add or edit feature points in
those cases.
Now it’s time to start optimisations. On the [Geometric Optimimisation| combo, start with
the button \Positions, incremental from anchor[, and press |Calculate|. Moments later, a rst
rough match is available for inspection.
First open the Preview window (press [Ctrl]+[ P | or click the blue icon). Assumed your
images cover the full horizon, the window shows an equirectangular area (360 degrees along
the horizon and 180 degrees from zenith to nadir). The anchor image should be close to the
image center, and the other images should be already well-aligned to both sides. You can set
the exact center point by clicking it in the image. If the horizon appears badly warped, use
the right mouse key and click on the horizon roughly near 90 or +90 degrees (halfway to
the left or right).
Open the OpenGL preview window (press [Ctrl]+(shift|+[ P | or click the blue icon with GL
inside). This panel provides several important views:
The tab is similar to the non-OpenGL preview. You can display an overlay of
the control points, which are colored according to match quality. Also, with button
activated, you see the overlapping image frames when you move the mouse
over the image.
The tab helps nding links between images.
The dialog may help to interactively adjust a panorama.
Sometimes the preview image may however be distorted and unusable.
Open the Control Points Table dialog (press or click the table button). Here you see
the points listed which link two images. Clicking a column label sorts by this column. It is
recommended that only neighboring overlapping images should be included here. If you
have very large overlap, it is possible that points are found between two images which are
not directly adjacent. In the OpenGL preview window, you can use the or the
tabs to identify those image pairs. Such points should be deleted. In the point table,
click on columns Right Img. , then Left Img. , and then nd pairs like 0/2, 1/3, 2/4 etc.
Mark those lines, and delete the points.
To re-run the optimisation, press the double-arrow icon or the button in the
Optimise/Geometric area.

Preliminary Geometric Optimisation

Now the (usually) longest part begins: Iterative optimisation of the photo matchpoints. If your
images were taken on a panorama tripod head, there should only be very few bad matchpoints, e.g.
those found on persons or clouds'* which have moved between photos. For handheld photos, the
following considerations should be observed.

The most important line which we want to create in all perfection is the visible horizon, where
sky and earth meet. The foreground, usually grassy or rocky, is of lesser interest, and stitching
errors in those areas may not even be relevant.

Therefore, matchpoints with large errors in the foreground can be safely removed, while, if
necessary, points on the horizon should be added manually. Use the tab, select
adjacent images (start with 0 on the left and 1 on the right side), and delete the worst- tting
matchpoints closest to the camera (near the bottom of the images). We now start a long phase of
re-optimizing and deletion of ill-matching points as long as those are far from the horizon. When
all near matchpoints are deleted, the result should already look not too bad.

14You should have created control points with the Celeste option!
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For continued optimisation, the number of parameters to optimize can be extended. To begin,
| recommend |Positions and View (y, p, r, v)|, which may nd a new focal length slightly different
from the data in the EXIF tags. Again, delete further foreground points. If after a few rounds you
still have bad point distances, try |Positions and Barrel Distortion (y, p, r, b)| to balance distortion by
bad optics, or even go up to [Everything without translation]. Optimisation can only reach perfect
results if you did not move between exposures. Else, nd a solution which shows the least error.

In case you took your photos not on a tripod and moved too much, you may even want to play
with the translation options, but errors will be increasingly hard to avoid.

Using Straight Edges as Guides

If the panorama contains straight lines like vertical edges of buildings, these can be used to automat-
ically get a correctly leveled horizon: Vertical lines are mapped to vertical lines in equirectangular
panos! In the tab, select the image with the vertical edge in both subframes, and
mark points on the vertical edge. (switch off auto-estimate!). Likewise, horizontal lines may help,
but make sure lines like rooves are perpendicular to your line of view, else the perspective effect
causes an inclination.

Multi-ring Panoramas

If you are trying to create a panorama with several rings (horizon, one or two rings below, and
nadir area), you must try to create/keep control points that best give a result without visible seams.
In this case, and esp. if you have only used a regular tripod or even dared to go for a free-handed
panorama, you may observe that it is best to remove control points in neighboring photos in the
lower rings, but keep only the vertical links between images with similar azimuth.

In total, and if the foreground is not important but only grassy or sandy, the rule of thumb is
that the horizon images must be strongly linked with good quality (small errors), while images in
the lower rings should be linked mostly to their respective upper photos, but not necessarily to the
images to its sides. The resulting panorama will then show a good horizon line, while stitching
artifacts in a grassy or otherwise only decorative ground will usually be acceptable and can, if
needed, be camou aged in post-processing.

This optimization and editing of control points is likely a longish iterative process, and these
are the late night hours where you will nally wish you had used a panorama head. . .

Masking

If you have images with overlapping areas, you can usually not force Hugin to take pixels from the
image which you nd best. you can however mask off an area from an image which you don’t want
to see in the output under any circumstances, e.g. a person’s arm or foot in one image. Just open

the image in the tab and either press and draw the mask polygon covering

the unwanted area, or use the crop settings to de ne rectangular areas to use.

Exposure disbalance

In the tab, select [Photometric parameters| on the right side. The EV column lists the
Exposure Value. If you see disbalance here and in the preview window, you can run a photometric
optimization with the lowest button on the tab. Simply select Low dynamic range and press
[Calculate|. The preview should now show a seamless image. If all else fails, you can edit the EV
values directly.

Advanced photographers may want to correct exposures in their RAW images before creating
JPG or TIF images to combine with Hugin. This unfortunately may create exposure disbalance
because the EXIF tags may not be adjusted accordingly, so based on different exposure/f-stop
combinations Hugin may think it has to re-balance the values. In these cases, don’t run the
photometric optimizer. Some image exposure values have to be changed manually, and the effect
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supervised in the preview window. Usually the smooth blending in the subprogam enblend called
by Hugin will hide remaining differences.

Stitching

When you are happy with the panorama in the preview window and the match-points promise a

good t,itistimeto nally create the panoramaimage. Hugin can create a large number of different

projections which all have their application. For Stellarium, we can only use the equirectangular

projection. You still have 2 options:

spherical landscapes (see 7.1.3) require single equirectangular images, the maximum size depends
on your graphics hardware and Qt limitations and is likely not larger than 8192 4096
pixels.

old_style landscapes (see 7.1.4) can use several textures for the ring along the horizon, and one
image for the nadir zone. If you need high resolution, you should aim for creating this one.

Sometimes, creating the nadir zone is dif cult: this is where usually the view is blocked by the
tripod, and we are not interested in views of tripod or our own feet. For our purpose it is usually
enough to Il in the feet area using the clone stamp, or a monochrome color, or, for old_style
landscapes, you can instead insert an oriented site map or wind rose.

There is a button [create optimal size| in Hugin. It may recommend a panorama width around
13.000 pixels for an average camera and photos taken with a wide-angle lens. Increasing this
size will most likely not lead to higher optical resolution! The panorama width which you can
most usefully create depends on the resolution of the source images (which leads to the result
given by Hugin) and on your needs. If you need arc-minute resolution, you would aim for
360 60 = 21600 pixels, which cannot be loaded into graphics memory in a single piece, i.e.,
is too large for Stellarium, and must be con gured as old_style landscape. In this case, 10 or
11 tiles of 2048 2048 pixels (totalling 20480 or 22528 pixels) is the closest meaningful setting,
i.e., you could create an image of 20480 pixels width and cut this into usable pieces. Usually, a
size of 4096 2048 or 8192 4096 pixels (for better computers) is enough, and can be used in a
spherical landscape.

We have to edit the le after stitching, therefore select creation of an image in the TIFF format.
LZW compression is non-lossy, so use this to keep le size reasonably small.

For regular images, it is enough to create Exposure corrected, low dynamic range . If you
have a problem with persons that have moved between your images, you may want to post-process
the nal result with import of the distorted sub-images and manually de ning the best blending line.
For this, ndthe Remapped Images group and again activate Exposure corrected, low dynamic
range .

Now, press the button in the lower right corner. This opens a helper program which
supervises the stitching process. Depending on your computer and size of the image, it will require
a few minutes of processing.

In case stitching fails with a cryptic error message, try to add the option -- ne-mask to the
enblend options.

Store a copy of the Hugin project le to always be able to go back to the settings you used to
create the last panorama. We will get back to it when we want to make a truly calibrated panorama
(see 7.3.3).

Panorama Postprocessing

The image created has to be further processed to be used in Stellarium. The most obvious change is
the need for a transparent sky, which we can easily create in programs like Adobe Photoshop or
the free and open-source GIMP. | will describe only the free and open-source solution.
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After that, we have to bring the image into shape for Stellarium, which may include some
trimming. While we could also slice an image with interactive tools, higher accuracy and repeatable
results can be achieved with command-line programs, which makes the ImageMagick suite the
tool of our choice.

7.3.1 The GIMP

The GIMP (GNU Image Manipulation Program) has been developed as free alternative to the
leading commercial product, Adobe Photoshop. While it may look a bit different, basic concepts
are similar. Not everybody can (or wants to) afford Photoshop, therefore let’s use the GIMP.

Like Photoshop, the GIMP is a layer-aware image editor. To understand the concept, it is
easiest to imagine you operate on a growing stack of overhead slides. You can put a new transparent
slide ( layer ) on top of the stack and paint on this without modifying the lower layers.

A few important commands:

Zooming [Ctrl|+[Mouse Wheel

Layer visibility and transparency Make sure to have layer dialog shown (Windows ) Dockable Dialogs)).
A gray bar indicates opacity for the currently active layer. Note the mouse cursor in this
opacity bar (often also called transparency bar): near the top of the bar the upward pointer
immediately sets percentage. A bit lower the pointer looks different and can be used for

ne-tuning.

The most obvious post-processing need for our panorama is making the sky transparent. The
optimal tool usually is the Fuzzy Select , which is equivalent to the Magic Wand tool in
Photoshop. Simply mark the sky, and then delete it. The checkerboard background indicates
transparent pixels.

It sometimes helps to put an intensive bright red or blue background layer under the panorama
photo to see the last remaining clouds and other specks. In the layer dialog, create a new layer,
bucket- Il with blue or red, and drag it in the layer dialog below the pano layer. Write-protect this
layer, work on the image layer, and before exporting the image layer with transparent sky to PNG,
don’t forget to switch off the background.

We need this layer functionality especially to align the panorama on a calibration grid, see
section 7.3.3.

7.3.2 ImageMagick

ImageMagick (IM)° can be described as  Swiss Army Knife of image manipulation . It can do
most operations usually applied to images in a GUI program, but is called from the command line.
This allows also to include IM in your own command scripts®. We will use it to do our nal cut
and resize operations. | cannot give an exhaustive tutorial about more than a few of IM’s functions,
but the commands given here should be enough for our purpose.
To open a command window (console, a.k.a. DOS window), press the Windows key and enter
cmd, then press | ! |. (On Linux and Mac, you surely know how to open a console window.)
There are some things you might need to know:
The command line is not your enemy, but a way to call expert tools.
The Windows command line processor cmd.exe is far from user friendly.
There are remedies and alternatives. See notes on clink (7.5.3) for a considerable improve-
ment, and WSL (7.5.4) for experts.

Bhttps://www. imagemagick.org/
16These may typically be .BAT les on Windows, or various shell scripts on Linux or Mac.


https://www.imagemagick.org/

7.3 Panorama Postprocessing 93

Command-line magick for spherical landscapes

Let’s start with the commands for nal dressing of an equirectangular panorama to be used as
spherical landscape which has been created in size 4096 2048, but where you have seen that
nothing interesting is in the image above 11.25 . This means we can cut away the sky area and
compress the image to 4096 1024 to save graphics memory.*’

To understand the numbers in the example, consider that in a panorama image of 4096 2048
pixels, 1024 pixels represent 90 , 512px = 45 , 256 px = 22:5 , 128 px = 11:25 . To keep a top
line of 11:25 , we keep an image height of 1024 + 128 = 1152px, but the crop starts at pixel
Y =1024 128 =896.

convert landscape.png -crop 4096x1152+0+896
-resize 4096x1024! landscape_cropped.png

Note the exclamation mark in the -resize argument, which is required to stretch the image in a
non-proportional way.

Alternatively, you can operate with IM’s gravity , which indicates the corner or edge geometric
offsets are referred to. Given that we want the lower part of the image to exist completely, you only
need to compute the size of the cropped image:

convert landscape.png -gravity SouthWest -crop 4096x1152+0+0
-resize 4096x1024! landscape_cropped.png

You still need the addition +0+0 in the -crop option, else the image will be cut into several pieces.
Inthe le landscape. ini, you then have to set maptex_top=11.25.

Command-line magick for old_style landscapes
Let us assume we want to create a high-resolution landscape from a pano image of width 16384
which we have carefully aligned and calibrated on an oversized grid template that also shows a
measured horizon line (see 7.3.3). Usually it is not necessary to create the full-size image, but only
the horizon range, in this high resolution. Assume this image has been aligned and justi ed on
our grid image and is HEIGHT pixels high, the left border is at pixel X_LEFT, and top border (i.e.,
the point where relevant content like the highest tree is visible) is on pixel Y_TOP. Assume our
graphics card is a bit oldish or you aim for maximum compatibility, so we can load only textures of
at most 2048 pixels in size. Given that the horizon area usually only covers a few degrees, a vertical
extent of 2048 px seem a pretty good range for that most interesting zone. The ground can then be
Iled with some low-resolution image of grass, soil, or a properly oriented site map, or you can use
Hugin to create a ground image (and using the maximum of 2048 2048 also here usually is far
more than enough).

In GIMP (or Photoshop, ...), we must nd the values for X_LEFT, Y_TOP and HEIGHT. HEIGHT
is being resized to 2048, strictly, by the exclamation mark in the resize command. We can create
our image tiles now with this singular beast of a command line (write all in 1 line!), which puts our

les directly into STELLARIUM_LANDSCAPEPATH/LANDSCAPE_NAME:

convert PANO.png -crop 16384xHEIGHT+X_LEFT+Y_TOP +repage
-resize 16384x2048!
-type TrueColorMatte -depth 8
-crop 2048x2048 +repage
png:STELLARIUM_LANDSCAPEPATH/LANDSCAPE_NAME/Horiz-%d.png

This creates 8 images. See section 7.1.4 for the landscape. ini where these images can be
referenced. Don’t forget to read off top and bottom lines (altitudes in degrees) from your grid,

1"Most modern graphics cards no longer require the powers of two image sizes, but we keep this practice
to increase compatibility.
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the vertical extent will form the decor_alt_angle, and the bottom line the decor_angle_shift
entries in this le.

Creating a ground image for old_style landscapes

When you want a good ground image for an old_style landscape from your panorama and not

just Il the groundtex with a monochrome texture or a map, you have to create a ground view in

Hugin. But you may have already created a huge pano! This can also be used as source image, and

a ground shot can be extracted with a reversed operation. In principle, all you need to know is the
eld of view around the nadir. Figure 7.5 shows a simple con guration le.

# hugin project file

#hugin_ptoversion 2

p fO w2048 h2048 v92 EO RO n"TIFF_m c:LZW r:CROP"
m gl 10 fO m2 p0.00784314

# image lines

#-hugin cropFactor=1

i wl6384 h8192 f4 v360 Ra0 RbO RcO RdO ReO EevO Erl Ebl rO
p90 y0O TrX0 TrYO TrzZO TpyO TppO jJO a0 b0 cO dO e0 g0 tO
Val Vb0 VcO VdO Vx0 Vy0 Vm5 n"Eqirect Pano360.png"

Figure 7.5: Project le ground.pto usable to create the ground image with Hugin or, on
the command line, its nona stitcher. The last line, starting with 1, has been wrapped, but
must be 1 line.

Say, the side panels extend down to decor_angle_shift=-44 degrees, which means you
must close the ground with a Nadir FoV =2 (90 44) = 92. For maximum compatibility, we
will again make an image of width and height both 2048 px. These values can be found in the p line
in Figure 7.5. The i line describes the input image, which is our full equirectangular pano of width
w= 16384 and height h=8192. The last argument of that line is the image le name.

For processing, we do not use the Hugin GUI, but simply the command line. The actual
program to call is nona. If your stitched panorama is a 16-bit TIFF, nona will also make a 16-bit
image, but our textures are limited to 8-bit PNGs. We apply our most useful tool, convert from the
ImageMagick suite.

nona -v -m PNG ground.pto -o ground.png
convert ground.png -depth 8 ground _8bit.png

The le ground_8bit.png is then used in the groundtex eld on landscape. ini.

7.3.3 Final Calibration

The creation of a calibrated panorama (which can be regarded as dependable proxy for further
measurements taken inside Stellarium) requires reference measurements to match the photos against.
We must take azimuth/altitude measurements with a theodolite or total station, in the optimal case
along the full horizon, and in addition |1 recommend to take azimuth and altitudes of some distinct
features along the horizon which must also be visible in the photographs: mountain summits,
electrical towers, church towers, ...

I recommend you create grid templates of the sizes you are going to create, e.g. 4096, 8192,
16386 and 20480 pixels wide with some diagram tool. On these, you can then also draw the
measured horizon line.
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Figure 7.6: Hugin's Fast Panorama Preview can be used to check which images are
connected to its neighbors. Most important are good matches along the horizon, the images
in the lower rows are clearly less important. If captured on a tripod, they should still match.

Now, load a panorama on top of this in tB&VP, i.e., copy it into a separate layer over the grid
image, and set it semi-transparent.

Try to align the center of the image (where the geometric anchor has been de ned; remember:
this should be the image pointing south!) with the measured horizon line or the distinct features.

The optimal solution consists of a photo panorama which aligns perfectly with the measured
line and features. We now have to iteratively bring deviations to a minimum. The process depends
on processor speed, image size, your training and — most of all — your requirements in accuracy!

In the GIMP, load your grid image with horizon line. Now sel€File )) Open as Layers. ..
load your photo panorama, and then set layer transparency|Layers| dialog to about 50%.

Select the double-arrow tool to move the panorama via mouse drag and cursor keys over the
grid, and align the outline of the photo horizon's southern point with the measured line. Now it's
time to estimate the quality of the panorama.

In Hugin's tab, select th{Positions| view on the right side. Now you see “Yaw”, “Pitch”
and “Roll” values of camera-to-world orientation listed in the photos list. It should now be possible,

by changing the valuesnly for the anchor imagand re-optimizing, to come to a panorama with

only minimal error. In the process, start with Optimizi Positions ) incremental from anchor |,

then go for view and barrel optimization, and so on. Always try to remove foreground match points
which have large error and are irrelevant for the task to match the horizon. Those are especially
cross-matches of horizon and sub-horizon rows of images. Only vertically and horizontally adjacent
images should be required to match. For handheld panoramas, also links between adjacent images
in the non-horizontal rows are usually too erroneous to be useful, just remove these match points.
Use theLayout | tab in the Fast Panorama Preview to see the relations between images (Fig. 7.6):
Red lines have big errors, green lines are good, thin gray lines indicate possible overlap without
speci ed match points. After each optimization step, export a new pano image, load as layer in
GIMP, and check again.



































































































































































































































































































































































































































































































































































































































































