
1 
 

PlanetarySystemStacker for High-Resolution 

Imaging of Planetary System Objects through 

Turbulent Air 

 

 

 

User Guide (Version 0.9.8, July 17, 2023) 

 
 

Rolf Hempel 
  



2 
 

Table of Contents 

1 Introduction ..................................................................................................................................... 2 

1.1 Project Authors and Contributors ........................................................................................... 3 

2 Changelog ........................................................................................................................................ 5 

3 System Requirements and Software Installation ............................................................................ 6 

3.1 Automatic installer for Windows (7 / 8 / 10) .......................................................................... 7 

3.2 Platform-independent installation .......................................................................................... 7 

4 Program Execution .......................................................................................................................... 9 

4.1 Program Start / Setting Parameters ........................................................................................ 9 

4.2 Dark / Flat Frame Calibration ................................................................................................ 10 

4.3 Job Specification .................................................................................................................... 11 

4.4 Starting and Controlling the Workflow ................................................................................. 14 

4.5 Execution Protocol ................................................................................................................ 14 

4.6 Reading Input Data and Buffering ......................................................................................... 15 

4.7 Excluding bad Frames from the Stacking Workflow ............................................................. 16 

4.8 Frame Stabilization ................................................................................................................ 17 

4.9 Setting the Stacking Fraction ................................................................................................. 19 

4.10 Setting a Region of Interest (ROI) .......................................................................................... 20 

4.11 Selecting Alignment Points .................................................................................................... 21 

4.12 Frame Stacking ...................................................................................................................... 22 

4.13 Postprocessing (Wavelets) .................................................................................................... 24 

4.14 Postprocessing (RGB Channel Alignment) ............................................................................. 27 

4.15 End of Program ...................................................................................................................... 29 

Appendix A: Configuration Parameters ............................................................................................. 30 

Appendix B: Using PSS from the Command Line ............................................................................... 37 

 

1 Introduction 

PlanetarySystemStacker (PSS) processes a large number of video frames or still images of a planetary 

system object, taken in rapid succession, into a high-resolution image. It selects the sharpest sections 

of the best frames, removes the image warping caused by atmospheric turbulence, and combines the 

resulting snippets into a single image with maximum detail. In a second step, PSS offers the option to 

remove image blur by applying a multi-level sharpening filter. 

With the introduction of digital image technology the photography of planetary system objects (the 

moon, sun and planets) has taken a great leap forward. The so-called “Lucky Imaging” technique 

today allows amateur astronomers to record surface details which in the old days of analog photog-

https://en.wikipedia.org/wiki/Lucky_imaging
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raphy were out of reach even to professional astronomers with access to the best earth-bound tele-

scopes. For high-resolution work today the camera of choice is a video module which connects to the 

USB interface (preferably 3.0 or higher, allowing high data transfer speed) of a portable computer. 

With such a camera one can take many images in a short time and store them without compression 

artefacts in a RAW image sequence, using typically a SER or AVI video file container. On the negative 

side, however, the image sensors are quite small and exhibit relatively low pixel counts. 

As an alternative, digital cameras (such as a DSLR) can be used to capture many images of the object 

in rapid succession. These images are stored as single files with identical pixel counts in a folder. In-

put to PSS can be either a video file or a directory containing still images of the same scene. 

PlanetarySystemStacker is the first open-source software of its kind. The complete source code is 

published on Github, together with a detailed documentation of the mathematical algorithms used. 

1.1 Project Authors and Contributors 

In 2018 Rolf Hempel initiated the project. He developed the underlying algorithms and wrote the 

complete source code up to the first PSS release in May 2019. From the start it was his intention, 

however, to make PSS a community project, so the help by co-authors and contributors is encour-

aged. Beginning with Version 0.6.0, the following developers are contributing to the project: 

Co-Authors: 

George Hilios: 

• Fixed a complicated RAM de-allocation problem in interactive batch mode. 

Alexander Jarosch: 

• Added alternative debayering options for improved color image quality. 

Nikolai Hempel: 

• Many productive “Pair Programming” sessions with the main developer (right from the be-

ginning of the project). 

Michal Powalko: 

• Initial version of module “ser.parser.py”. It reads the header information of videos of type 

.ser and the raw data of single frames. 

• Handling of image I/O using .fits format. 

• Python code style improvements and performance optimizations throughout the source 

code. 

Contributors: 

Stefan van Ree: 

• Design and setup of the PSS home page and organization of the PSS discussion forum in the 

context of the German astronomy forum “Astronomie.de”. 

https://en.wikipedia.org/wiki/Raw_image_format
https://github.com/Rolf-Hempel/PlanetarySystemStacker/tree/master/Source
https://github.com/Rolf-Hempel/PlanetarySystemStacker/blob/master/Documentation/algorithm_summary.pdf
https://www.astronomie.de/
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Chris Garry: 

• Algorithm to detect Bayer patterns in input frames. 

• Test example videos in .ser and .avi format, plus very helpful discussions on problems with 

reading video input files. 

Jens Scheidtmann: 

• Proposal of a different algorithm to perform frame stabilization in planetary mode (imple-

mented in version 0.6.0).  

John Duchek: 

• Instructions for installation from the source code on Linux other than Ubuntu 16.04 LTS. 

Euripides Argyropoulos, Clendon Gibson, Peter Sütterlin, Peter Wäckerle, and a visitor called 

"brave_ulysses" on the Cloudy Nights forum: 

• Test of portable installation procedure via PyPI server for Windows, Linux and MacOS. 

• Troubleshooting of installation problems on Windows 7 and 10 systems. 

Manfred Gentsch: 

• First version of a German translation of the user guide document. 

Jonas Waage: 

• Implementation of explicit RAM limit setting (mainly for MacOS). 
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2 Changelog 

2.1 Changes in version 0.9.8 (July 2023) 

• Bug fixed in loading configuration files. 

2.2 Changes in version 0.9.3 (October 2022) 

• Explicit setting of RAM limit added. 

• Default setting “include postprocessing” removed in command-line mode (to avoid program 

hang-up) 

• Skimage method “register_translation” replaced with current method 

“phase_cross_correlation” 

• Bug in command line mode for non-standard debayering fixed 

2.3 Changes in version 0.9.0 (December 2021) 

• Ignore non-image files if a directory of still images is to be stacked. 

• Postprocessing is included per default in a stacking job. 

2.4 Changes in version 0.8.31 (February 2021) 

• Automatic / manual RGB channel alignment added to postprocessing. 

• Postprocessing re-implemented, new filter types added. 

• Configuration import from older PSS versions added. 

• RAM de-allocation problem fixed in interactive batch mode. 

• Alternative debayering options added for improved color image quality. 

• Option to specify either the number or the percentage of frames to be stacked added. 

2.5 Changes in version 0.8.13 (September 2020) 

• Drizzle (1.5x, 2x, 3x) implemented in stacking. 

• Option of fast changing objects (Jupiter, Sun) added for reference frame computation. 

• Improved quality in conversion of color frames to monochrome. 

• Drag-and-drop of input files / folders enabled in the job editor. 

• Automatic control of buffering level (default). 

• Several bug fixes, especially in command line mode. 

2.6 Changes in version 0.8.0 (June 2020) 

• Simplified portable installation procedure via PyPI server added for Windows, Linux and Ma-

cOS. 

• Optional dialog added to exclude frames from the workflow. 

• Option added to start PSS from the command line. 

• Garbage collection of RAM objects improved between jobs. 

• Warning instead of error raised for SER files with non-standard headers. 

2.7 Changes in version 0.7.0 (February 2020) 

• New “multi-level correlation” algorithm for image stabilization and de-warping. 
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• New algorithm for blending the stacked AP patches and background into a single image. 

• Option added to normalize image brightness in quality ranking and stacking. 

• Bug in handling large “.ser” files fixed. 

• Manual selection of debayering pattern added. 

• Automatic detection of Bayer patterns in .avi videos and bit depth correction for .ser videos. 

• Support added for video formats “.mp4” and “.mov”and image format “.png”. 

• Tabbed pane introduced in configuration dialog. 

• User notification of job aborting via a pop-up window added. 

2.8 Changes in version 0.6.0 (August 2019) 

• Version for Linux added. 

• Support for dark and flat frame calibration added. 

• The required RAM of a job is estimated. If it exceeds the available RAM, an error is issued 

and PSS continues with the next job. 

• Support added for video format “.ser” and image format “.fits”. 

• Improvement of de-warping algorithm for videos with varying image brightness. 

• New implementation of frame stabilization for “planetary” mode. 

• Internal refactoring, most important: video input is encapsulated in class VideoReader. 

• Several bug fixes. 

2.9 Initial release 0.5.0 (May 2019) 

• The Windows installer was built on a Windows 10 system. The software and the installation 

process were tested on Windows 10 only. 

 

3 System Requirements and Software Installation 

The whole software was tested on an Acer laptop computer (type “Acer Aspire V5-573G”, Intel Core 

i5-4200U, 12 GBytes RAM), and on a PC (Intel Core i7-7700K, 64GBytes RAM), both running Windows 

10 Professional, version 2004. Video stacking very much benefits from large RAM. A minimum of 

16Gbytes of RAM is recommended. For large video files processed on a system with less RAM it is 

unlikely that all data can be held in memory, so re-reading and re-computing data will slow down the 

execution. 

PlanetarySystemStacker in principle runs on any computer where a Python 3 environment and the 

required Python libraries are available. With the release of Version 0.6.0 automatic installers were 

distributed for both Windows and Linux. They installed the software together with the Python envi-

ronment in a single operation. While this was convenient for users who did not want to deal with any 

software details, it turned out not to work well with Linux distributions other than Ubuntu 16.04LTS. 

Therefore, with Version 0.7.0 only the Windows installer was kept, and the Linux installer was re-

placed with detailed instructions for various Linux distributions to install the software from the 

source code. Some Mac users even adapted these instructions successfully to MacOS. While this ex-

tended the range of OS platforms supported, installation on systems other than Windows became 

more complicated. 
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Starting with version 0.8.0, there are two ways to install PSS: 

• On Windows, as before, a single installer file does everything automatically. 

• On any platform (Windows, Linux, MacOS) the user installs Python 3 (if it is not pre-installed), 

and then installs PSS with a single terminal command. 

In the following both ways are explained in detail. 

3.1 Automatic installer for Windows (7 / 8 / 10) 

The PlanetarySystemStacker software is distributed as a single file: the Windows installer “Planetary-

SystemStacker_V0.8.31 _Windows-Installer.exe”. Before installation, any earlier PlanetarySystem-

Stacker version should be de-installed first using the “Uninstall” entry in the program menu. When 

the installer is started, a wizard guides the user through the installation process. Apart from the pro-

gram start entries, PlanetarySystemStacker does not write any parameters into the Windows Registry 

and can be installed at any file system location. An uninstaller is provided with the software. It re-

moves all installed files. The following temporary files which are created at execution time in the 

user’s home directory are not removed: 

• .PlanetarySystemStacker.ini (configuration during the latest PlanetarySystemStacker run) 

• PlanetarySystemStacker.log (logfile) 

Those files can be deleted manually at any time. Please note that all configuration parameters are 

lost if the .PlanetarySystemStacker.ini file is deleted.    

If the automatic Windows installer does not work on your system, as an alternative you can install 

the Python 3 interpreter and PSS software separately, as explained in the next section. 

3.2 Platform-independent installation 

This option requires a compatible Python 3 installation, so first check if it is installed already. To do 

so, open a terminal and enter “python” or “python3” to start the Python interpreter: 

 

If you see something similar to the example above, Python 3 is already there, in this case version 

3.5.4. On Windows, the version number must start with 3.5 or 3.6. On Linux and MacOS, any version 

from 3.5 onwards will do. You leave the Python interpreter by entering “quit()”. Also, try 

“pip3” to test if the Python installation script works. 

If Python 3 is not installed yet, you need to install it now. For Windows, Python 3.6.8 is recommend-

ed. The installer file can be downloaded from this web page. For Linux and MacOS, the latest Python 

release is available here. 

https://github.com/Rolf-Hempel/PlanetarySystemStacker/releases
https://github.com/Rolf-Hempel/PlanetarySystemStacker/releases
https://www.python.org/downloads/release/python-368/
https://www.python.org/downloads/
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Now try again to start the Python interpreter. If it still does not work, check if the Python installation 

folder and the “Scripts” and “Library/bin” subfolders are on the system path (environment variable). 

If not, add them to the path. 

When the Python interpreter is installed properly, open a terminal and enter: 

 pip3 install planetary-system-stacker 

This installs PSS together with all libraries required. After completion, PSS is started from the termi-

nal by entering: 

 PlanetarySystemStacker 

To make the program start more convenient, the user might want to add a starter to the desktop. For 

its decoration the PSS icon file can be found here. 

If PSS has been installed as described in this section, the software can be updated very easily when-

ever a new version becomes available. The only thing one has to do is to open a terminal and type: 

 pip3 install --upgrade planetary-system-stacker 

Since very little data is downloaded from the PyPI server, the update usually takes just a few seconds. 

As an additional bonus the software is updated on PyPI many times between official releases, for 

example when bugs are fixed or new functions are added. 

Important notice:  If on Linux or MacOS an older version of PSS was installed by cloning the source 

code from its Github repository and installing Python 3 and all library dependencies manually, this 

PSS software must be deleted before PSS is installed as described above. Otherwise the old version 

might keep its precedence on the system path, and the new version might not be found. 

  

https://github.com/Rolf-Hempel/PlanetarySystemStacker/tree/master/Documentation/Icon
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4 Program Execution 

PlanetarySystemStacker communicates with the user via a graphical user interface (GUI). Good usa-

bility was a high-priority design criterion. In particular, at any time the GUI presents to the user only 

the information which is of current relevance. The user interface was developed using the QT5 

toolkit. 

With version 0.8.0 the option to start PSS from the command line was introduced. All options and 

parameter settings which the GUI version provides in batch mode can be selected via command line 

arguments. With the command line option the user can integrate PSS into customized automated 

workflows. “Appendix B: Using PSS from the Command Line” provides a list of all arguments together 

with their definitions and default values. 

4.1 Program Start / Setting Parameters 

 

When the program is started for the first time, a view opens automatically for the input of individual 

parameters. The parameters are arranged in tabbed pane windows relating to workflow control, 

frame stabilization, multi-point alignment, and stacking. 

Predefined parameter values should work okay in many cases, but the user is encouraged to experi-

ment with different settings for optimization. If the mouse pointer hovers over a parameter name, a 

tooltip appears describing its meaning. A detailed explanation of all parameters can be found in 

“Appendix A: Configuration Parameters”. The pre-defined parameter values can be restored at any 

time by pressing the button “Restore standard values”. 

When leaving the parameter dialog, and at program termination, PSS writes the configuration file 

“PlanetarySystemStacker.ini” into the user’s home directory. At later program runs the parameters 

are loaded from this file silently, the input dialog does not open, and PSS is ready for job input. Pa-

rameters can still be changed via the “Edit / Edit configuration” menu. 



10 
 

In addition to the standard configuration file in the home directory, the current parameter configura-

tion can be saved to any file system location via the “File / Save configuration” menu entry. Later on, 

this configuration can be loaded via “File / Load configuration” to replace the current parameter con-

figuration. Please note that the configuration not only comprises the parameters shown at the dialog 

above, but also all active postprocessing variants (see Section 4.13). 

The menu entry “Info / About PSS” gives an overview of the computer environment and the versions 

of the Python libraries being used. 

4.2 Dark / Flat Frame Calibration 

PSS supports the calibration of input frames using master dark and flat frames. This calibration is 

based on video files or image collections taken with the same camera as used for the stacking input. 

  

First the dark / flat input videos (or directories with still images) have to be processed into so-called 

“master frames”. To do so, select the menu entry “Create new master dark frame” or “Create new 

master flat frame” from the “Calibrate” menu. When the file chooser opens, select the input video or 

directory.  

 

When the processing finishes, another file chooser opens to select the location where the master 

frame is to be stored as a 16bit .png (or .tiff or .fits) file. If you do not want to store the master frame, 

just press “cancel”. In this case the master frame is still kept in memory for image calibration during 

this PSS session. 
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Calibration in PSS can be done using either dark frame or flat frame correction, or both. In the latter 

case, make sure to create the master dark frame first. This way it is used already when the master 

flat frame is processed. 

When master dark or flat frames have been stored on disk, they can be reloaded at a later PSS ses-

sion using the “Load master dark frame” or “Load master flat frame” menu entries, respectively. It is, 

therefore, not necessary to re-process them from the input videos. 

Both master frames and the input material used for stacking must match in terms of pixel dimensions 

and color type (color vs. monochrome). If, for example, a master flat frame is loaded after a non-

matching master dark frame, the dark frame is de-activated automatically and only the flat frame 

stays active. 

The master frames must be compatible with the stacking job input also in terms of the de-bayering 

option used (see next Section). It is, therefore, important to choose the same option when creating 

the master frames and specifying the stacking jobs. If you want to apply dark / flat frame correction, 

it is a bad idea to use the de-bayering option “Auto detect color”, because this option might select 

different settings for the master frames and the stacking input. Instead, select the appropriate set-

ting manually: Via the “Edit / Edit configuration” menu before the master frame creation, and via the 

context menu on the stacking job(s) in the job list editor. 

If matching master dark / flat frames have been created or loaded before stacking jobs are executed 

(see below), they are used to calibrate the input frames. If the active master frames do not match the 

stacking input, however, they are ignored. 

4.3 Job Specification 

Throughout the program, user instructions are displayed in red print in the status line at the bottom 

of the main GUI, or within a dialog window. When the parameters are set, the user is asked to open 

the “File / Open” dialog, and to define the jobs to be processed.  
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Upon choosing “File / Open”, a window opens where jobs can be specified. At this point it is im-

portant to understand how PSS processes jobs. 

Basically, the user specifies a list of jobs which PSS then processes one after the other. There are two 

different job types which PSS recognizes by the kind of input specified: 

• To define a stacking job, the user selects a video file (extension “.avi”, “.mov”, “.mp4”or 

“.ser”) or a directory containing still image files with identical pixel dimensions. At the bot-

tom of the file dialog window “Files of type” must be set to “Still image folders / video files 

for stacking (*.avi *.mov *.mp4 *.ser)”. Selecting a directory with image files which do not 

match will result in an error message later on.  

• To define a postprocessing job, the user selects a single image file (with the extension .tiff, 

.tif, .fit, .fits, .png or .jpg). At the bottom of the file dialog window “Files of type” must be set 

to “Images for postprocessing (*.tiff *.tif *.fit *.fits *.png *.jpg)” 

    

When the user presses “Open” to close the dialog window, the selected jobs are added to the list of 

jobs presented in the main window. This list may contain stacking and postprocessing jobs in any 

order. Additional jobs can be defined by pressing “Add job(s)” to re-open the job selection dialog 

again. As an alternative, files can be added to the job editor window by “drag and drop” from an 

external file explorer. Jobs can be removed from the list by clicking on them and pressing the button 

“Remove selected job(s)” or the keyboard key “Del”. 
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For color videos, debayering by default is done automatically. For .ser videos the Bayer pattern speci-

fication is taken from the file header. For .avi, .mov or .mp4 videos the first frame is analyzed to de-

tect a Bayer pattern. If in three-channel input it turns out that the channels are identical, PSS switch-

es to “Grayscale”. In color videos the ordering of the color channels (RGB or BGR) is detected by 

comparing the noise in the first and third channels. (The assumption is that the blue channel is al-

ways the noisiest.) 

Alternatively, the user can specify the Bayer pattern manually. To this end, he or she selects a job (or 

a range / set of jobs) in the job list, and presses the right mouse key to open the context menu: 

 

The Bayer pattern currently registered for the job is checked. It can be changed to any other pattern 

offered by the context menu. The same can be done for all jobs by changing the “Auto detect color” 

parameter in the “Edit / Edit configuration” menu dialog. 

When all jobs are defined, pressing “OK” completes the job specification. 
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4.4 Starting and Controlling the Workflow 

Pressing “Start / Continue” triggers PlanetarySysstemStacker to start processing the jobs in sequen-

tial order, either interactively or in batch mode (fully automatic). By checking / unchecking the “Au-

tomatic” checkbox at the bottom of the main GUI, the user can switch back and forth between the 

two modes at any time during execution. 

 

If many video files are to be processed, or many images of the same moon panorama are to be post-

processed, the recommended procedure is to process the first job in interactive mode (“Automatic” 

unchecked). PSS then stops at every processing step and prompts the user to adapt parameters as he 

or she likes. After the first job the user checks the “Automatic” box, and PSS continues processing all 

the remaining jobs automatically using the adapted set of parameters. 

When batch processing is active, the user at any time can seize control by unchecking the “Automat-

ic” box. PSS just finishes the current processing step and switches back to interactive mode. 

 

 

During computationally intensive processing phases PSS displays a progress bar at the bottom of the 

GUI. If several jobs are processed, a second progress bar shows the fraction of finished jobs. The sta-

tus line displays information about the files being processed and the current processing step. 

4.5 Execution Protocol 

Being able to look up the execution details of a job can be very useful, especially if something went 

wrong in batch mode, or if the resulting image is of lower quality than expected. With PSS the user 

can choose among various protocol variants. 

First of all, the parameter “Protocol detail 

level” selects the amount of information 

provided. Level “0” means no output at all. 

At level “2” detailed info is provided, e.g. on 

the number of alignment points and the 

warp distribution. If parameter “Write proto-

col to file” is checked, all protocol data is 

appended to the standard file “Planetary-

SytsemStacker.log” in the user’s home direc-

tory. It is a good idea to delete this file every 

once in a while. 
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In particular if many jobs are processed, it is recommended to set the option “Store protocol with 

results”. In this case, in addition to the sequential protocol file the part pertaining to a given job is 

written as a separate file. Its name is derived from the name of the job result, with the stacking suffix 

“_pss.png / .tiff / .fits” being replaced with “_stacking-log.txt”. This way it is easy to associate the log 

file with the corresponding job output. In the case of postprocessing jobs, the ending “_postproc-

log.txt” corresponds to the postprocessing result “_gpp.png / .tiff / .fits”. 

4.6 Reading Input Data and Buffering 

Input data for stacking can be large. In the worst case, the input video file itself is larger than the 

available RAM. To make things worse, additional to the original video frames PSS uses several image 

variants which result from applying certain filters: 

1. Monochrome versions of the original frames (depth as original frames, 8 or 16 bit) 

2. Gaussian blur added to 1. (always 16 bit) 

3. Laplacian of 2., down-sampled by a factor of 2 in both coordinate directions (always 8 bit) 

Since those variants in general are used more than once, processing is fastest if they can be kept in 

memory. If the RAM is too small, however, this is not possible. Unfortunately, on most systems rely-

ing on the paging mechanism of the operating system isn’t an option, either, since this tends to slow 

down execution too much. 

PSS, therefore, offers a range of buffering levels. Which one is best depends on the size of input data 

and the size of the available RAM. The user can choose the most appropriate scheme in the configu-

ration dialog (parameter “Data buffering level”). The following options are available: 

• “auto”: Automatic choice of buffering level (default, recommended). The highest value com-

patible with the RAM available is chosen. 

• “0”: No buffering. The original frames are read several times during job execution, and de-

rived images are recomputed when needed. Obviously, this mode leads to the maximal com-

putational load. 

• “1”: The “Laplacian of Gaussian” of all frames (variant 3. above) are buffered. 

• “2”: Additionally, the blurred monochrome images (variant 2. above) are buffered. 

• “3”: Additionally, the monochrome images (variant 1. above) are buffered. 

• “4”: Additionally, the original frames are buffered. 

On computers with enough RAM Level 4 is the best choice. In general, the default setting “2” is a 

good compromise between speed and RAM usage. 

 

At the beginning of each job, PSS determines how much RAM this job will require, and how much is 

available. If the protocol level is set to “2”, both figures are written to the job protocol. If there is not 

enough RAM, PSS issues an error and continues with the next job.  If the protocol level is set at least 
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to “1”, a recommendation of the highest buffering level compatible with the available RAM is written 

to the job protocol. 

As an alternative to choosing the buffering level, the user can set the maximal amount of RAM PSS 

should use. To do so, check the box “Maximum RAM (GBytes)” in the “Workflow Parameters” tab 

and enter the number of GBytes to be allocated to PSS (integer values only). If this option is used, the 

parameter “Data buffering level” is fixed to “auto” and grayed out. This way PSS is free to use the 

allocated space as well as possible. Please note that the user is responsible for the specified RAM size 

being available. 

4.7 Excluding bad Frames from the Stacking Workflow 

 

In some videos there are corrupted frames which cause problems in the stacking workflow. Often 

they even show sharp artifacts which the frame ranking algorithm erroneously interprets as signs of 

very high-quality. It is, therefore, important to exclude bad frames early in the processing workflow. 

Since this is very difficult for PSS to do automatically, the program offers an optional dialog where 

the user can mark frames (or whole ranges of frames) to be excluded from further processing. For 

this dialog to show up, the checkbox “Dialog to exclude frames from stacking” must be checked in 

the configuration panel (see Appendix A: Configuration Parameters, tab “Frame-related Parame-

ters”). 

In the left dialog section a frame player offers to scroll through all frames, either by drawing the slid-

er with the mouse, or by using the “Play” and “Stop” buttons of the video player. Left-clicking on the 

slider to the left or right of the handle changes the position in single frame steps. The right dialog 

section displays a list of all frames, sorted either by quality or chronologically. Each frame is marked 

as being included in or excluded from the workflow. The scrollbar action of this list is synchronized 

with the frame player. To change the status of frames, first mark their indices in the list. Then there 

are three ways to change their status: 
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• Press the “+” or “-“ buttons below the list, 

• Press the “+” or “-“ keys on the keyboard, or 

• Right-click (to open the context menu, as illustrated above), and then choose the desired ac-

tion. 

If the frame player shows a frame which has been marked as “excluded”, a red “ø” appears in the 

upper left corner of the image. 

To confirm the results of the dialog, press the “OK” button; to discard all changes made in this dialog, 

press “Cancel”. Please note that you can return to this processing phase later in the workflow by 

selecting “Go back to” → “Select frames”. 

4.8 Frame Stabilization 

Before frames are stacked they first have to be roughly aligned with each other. This way, drift ef-

fects of poor mount alignment or guiding inaccuracies are removed. PSS offers two stabilization 

modes: 

• In “Planetary” mode, it is assumed that a planet is located somewhere in the frame, com-

pletely surrounded by dark sky. In this case, frame stabilization is very simple and reliable. 

Therefore, it is strongly recommended to use this option whenever appropriate. 

• In all other cases, “Surface” must be used. This is usually the case for moon or sun imaging. 

In Surface mode, a so-called “stabilization anchor” must be selected in the image. By com-

paring its position in all frames, PSS determines the drift between them. Obviously, it is cru-

cial to choose the anchor appropriately. 

 

Also, it is important to set the parameter “Stabilization search width” high enough. If the 

displacement between two consecutive frames exceeds this value, the stabilization fails and 

the job is aborted. In this case try again with a higher value. 

PSS offers to identify the stabilization anchor automatically (check “Automatic frame stabilization”). 

If this option is chosen, additional parameters (“patch size” and “search width”) can be modified to 

control the automatic algorithm. Obviously, in batch mode automatic stabilization is the only choice, 

so the configuration parameter “Automatic frame stabilization” has no effect. 

If the user chooses to define the stabilization anchor manually in interactive mode, he or she must 

uncheck the configuration parameter “Automatic frame stabilization”. PSS interrupts the workflow, 

shows the full scene covered by the video to the user and asks to draw the stabilization anchor as a 

rectangular patch. 

Since this is the first time in the workflow where the frame viewer appears (at least if the frame se-

lection dialog is not active), this is the time to explain its general features: 
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• Initially the viewer shows the full frame. Using the scroll wheel (or the keys “+” and “-“), the 

user can zoom in and out. Moving (panning) the scene laterally is accomplished by moving 

the mouse while keeping the left mouse button pressed. 

• If the contents of the view are to be manipulated, like in this case by drawing the rectangular 

patch, the “ctrl” key must be kept pressed during the manipulation. As long as the key is 

pressed, the hand symbol at the mouse pointer location changes into an arrow. 

• Drawing a rectangular patch is done by pressing a mouse button (in this case the left one) at 

one corner of the patch and moving the mouse to the opposite corner. 

• Other manipulation options depend on the use case and are described there. 

The area chosen as the stabilization anchor should contain as much small-scale contrast (both verti-

cally and horizontally) as possible, and should be large enough. Usually some 30% of the frame size 

(per coordinate direction) is a good choice. 

Once the patch is selected, the user acknowledges the choice by pressing “OK”. If “Cancel” is pressed 

instead, PSS defines the stabilization anchor automatically. This also happens if the patch selected by 

the user is too small (less than 20%) or too large (greater than 70%). 

After completing the frame stabilization process, PSS computes the image area common to all 

frames. This area is the basis for all processing steps from this point on. 
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4.9 Setting the Stacking Fraction 

 

In the next step the user decides how many frames are used for stacking. The GUI opens a view on 

the scene where frames can be displayed either ordered by decreasing overall quality or chronologi-

cally. With a horizontal slider the user can scroll through all frames. As an alternative, he or she can 

press  “Play” / “Stop” to display frames as a video. 

The graph on the right shows the position of the current frame in the selected order (vertical axis) 

and its relative quality (horizontal axis). The shaded area shows the fraction of frames to be stacked. 

The stacking limit can be moved by changing the input editor fields for “Number of frames” or “Per-

centage”. As an alternative, pressing the key “Set limit to current frame” moves the border of the 

shaded area to the position of the frame being displayed. The result is demonstrated in the cutout on 

the right-hand side. 

By setting the “Frame ordering” 

checkbox, frames can be or-

dered either by quality or chron-

ologically. In the latter case, as 

demonstrated to the left, the 

quality graph usually is quite 

busy, as a consequence of rapid 

quality variations caused by see-

ing. 

Please note that if chronological 

ordering is selected, the shaded 

area showing the frames used 

for stacking is oriented vertically. 

The selection of the stacking limit is acknowledged by pressing “OK”. 
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4.10 Setting a Region of Interest (ROI) 

 

Optionally, stacking can be restricted to a so-called region of interest (ROI) smaller than the intersec-

tion of all frames. To specify its size a viewer opens and prompts the user to select the ROI as a rec-

tangular patch (as described in Section 4.8 above). Selecting the full view instead of a ROI is accom-

plished by just pressing “OK”. 
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4.11 Selecting Alignment Points 

 

In the next view the alignment points (APs) used to de-warp the individual frames are selected. 

Again, a viewer opens, along with controls to the right and below. Initially, the view shows the com-

plete scene (if a ROI was selected, the view is restricted to this area). Alignment points can be gener-

ated automatically or set individually by the user: 

• To create APs automatically, press the button “Create AP Grid”. The size of individual AP 

patches is controlled by changing the “Alignment box width” slider on the right. Thresholds 

for excluding areas which are too dim (e.g. sky background) or contain too little structure can 

be changed by moving the two other sliders. 

• If slider settings have been changed, they can be reset to default values by pressing the but-

ton “Restore standard values”. 

• After changing the slider settings, press “Create AP Grid” again to compute a new AP grid us-

ing the current settings. 

• APs can be deleted, added and modified manually. This way the user can adapt the grid as 

required. All these manipulations are done while keeping the “ctrl” key pressed. 

o To delete an AP, place the mouse pointer close to its center (red dot), and press the 

right mouse button. 

o To delete a whole AP region, open a rectangular patch by moving the mouse while 

keeping the right mouse button pressed. When the button is released, all APs in the 

patch are removed. 

o To move an AP, press the left mouse button at an AP and drag the AP with the 

mouse to the new location. 
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o To change the size of an AP patch, move the mouse close to the AP center and use 

the scroll wheel to change its size. 

o To add an AP, left click on the desired location. An AP with (initially) the standard size 

(see slider on the right) is created there. 

• All those AP operations can be undone / redone by pressing the buttons “Undo” or “Redo”. 

The size of the undo stack is unlimited. And, as with all other PSS viewers zooming and pan-

ning is supported here as well. 

• It is not required that the APs cover the object completely. If the object “shines through” a 

hole in the AP grid, the consequences for the stacked image in this area are: 

o There is no correction for local image warping at this place. Only the global frame 

shift is corrected. 

o The set of frames stacked is computed on the basis of the global frame quality, not 

on local sharpness. 

In general this leads to a lower resolution in those areas. 

The optimal AP size very much depends on the quality of the input data. If frames show very little 

local contrast, larger AP patches lead to better results. If the resolution is very good, but seeing-

induced warping is strong, small AP patches are better. The best practice is to experiment with dif-

ferent AP sizes, starting with a somewhat larger value (e.g. 100 pixels), and trying smaller sizes until 

the quality of the stacked image does not improve any further. 

4.12 Frame Stacking 

When the AP selection is completed, PSS has gathered all the information it needs to stack the 

frames. First, at every AP it identifies the sharpest frames to be used for stacking. Since the seeing is 

a very local phenomenon, frame sets will be different for different APs. Then, for every AP and every 

contributing frame the local displacement relative to a reference frame is measured, and the shifted 

AP patch added to the stacking buffer. Progress bars are updated regularly throughout the process. 

If the input images are captured with undersampling, the “drizzle” technique may help to restore the 

full optical resolution. To activate drizzling in PSS, change the configuration setting “use drizzling 

factor in stacking” to either “1.5x”, “2x” or “3x”. If drizzling is activated, the local AP displacements 

are computed with sub-pixel accuracy, input frames are interpolated, and the local patches are 

stacked at the drizzle resolution. The pixel counts of the stacked image are increased by the drizzle 

factor relative to the input frames. 

When stacking is completed, a graph shows the frequency distribution of local displacements at all 

APs and all contributing frames. If drizzling is active, displacements are expressed in drizzled pixel 

coordinates. Usually, small displacements (a few pixels) occur most often. If the distribution extends 

too much towards larger numbers, this could be due to a low stacking quality. In this case it is rec-

ommended to experiment with different parameters, for example: 

• Increase the “Noise level (Gaussian blur)” parameter. 

• Increase the AP size. 

• Eliminate APs in areas with too little structure. 
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Another quality indicator for the warp shift compensation is the fraction of failed shift measurements 

which is displayed below the shift distribution graph. If this value is above 5%, it is written in red col-

or. In this case it is a good idea to experiment with different parameter settings, as discussed above. 

A high value, however, not necessarily means that the results are bad. Other explanations are a very 

low contrast in the image, or oversampling in the optics / camera configuration. 

After inspecting the warp distribution, press “OK” to finish the current job. The stacked summation 

image is written in 16bit .png, .tiff or .fits format to the file system into the same folder where the 

input is located. The name is taken from the input video file or image directory, extended by the suf-

fix “_pss.png  / .tiff / .fits”). 
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4.13 Postprocessing (Wavelets) 

As explained in Section 4.3, PSS can sharpen and / or smooth a still image in a postprocessing job. 

Input to this type of job is a single image file, and tailoring and applying the filter is the only job activ-

ity. 

As an alternative, postprocessing of a stacked summation image can be included as the final step in a 

stacking job. In this case, the configuration parameter “Stacking plus postprocessing” must be 

checked before the end of the stacking job. 

This section describes how postprocessing works in PSS. As explained above for stacking, postpro-

cessing can be performed either interactively, or in fully automatic batch mode. In the case of several 

postprocessing jobs with similar images, executing the first job interactively and then continuing in 

batch mode (by setting the “Automatic” checkbox) is recommended as best practice. After all, no 

reasonable default values can be specified for sharpening / smoothing, so finding a good set of pa-

rameters is possible only in an interactive trial and error loop. PSS was designed to support this inter-

active process as effectively as possible. 

To support experimentation with different parameter sets, PSS offers to define and compare an arbi-

trary number of processing versions. With the “version manager” at lower right new versions can be 

created. With the “Version selected” spin box a different version can be selected. Other GUI ele-

ments in this view, such as “Delete”, “Save”, “Save as”, and the filter details in the panel at upper 

right refer to the version currently selected. Version number “0” is reserved for the original image, 

with no correction being applied. 
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Sharpening in PSS is implemented as a multi-layer wavelet scheme. For each processing version a 

different hierarchy of correction layers with increasing filter radius values can be defined. In the basic 

parameter setting, PSS uses the same combination of sharpening filters as Registax 6 (Gaussian un-

sharp masking with layer-wise noise reduction). To remove artifacts at sharp edges (such as planetary 

edges, crater rims etc.), there is the option, however, to blend the Gaussian filters with the more 

sophisticated “bilateral filters” (see below). For maximal accuracy all internal computations are per-

formed with 32bit resolution, only the final result is reduced to 16bit accuracy. Each layer is defined 

by 

• Its spatial frequency (in pixels). For images with an appropriate sampling rate, a value be-

tween 1.0 and 2.0 pixels is usually best for the first layer. When the user creates a new layer, 

its radius initially is set to 1.5 times the radius of the previous layer. Using the slider, the user 

can change the radius to any other value. 

• The strength (or amount) with which the layer is applied. If the amount is set to 1.00, input 

and output are the same for this layer. A larger value sharpens the image at this spatial fre-

quency, a lower one reduces the contribution of this component. 

• To reduce boundary artifacts, there is the option to use simple Gaussian filters, bilateral fil-

ters, or a mixture of both. This choice can be made for each layer individually, using the “Bi-

lateral Fraction” slider. At the setting “0”, a simple Gaussian filter is used, at “1.00” the filter 

becomes a pure bilateral filter. For intermediate settings the two filter types are mixed. It is 

recommended to start with the slider in its left-most position, and to move it to the right un-

til the artifact suppression is acceptable. 

• Additionally to the filter radius, bilateral filters take a second parameter, the so-called “bilat-

eral range”. This parameter has a strong influence on the “aggressiveness” of the filter. At 

the right-most slider position, the filter behaves like a simple Gaussian filter. At its left-most 

position, the scene turns into a very unnatural landscape. It is recommended to experiment 

with different settings (and different “Bilateral fraction” settings) to find a filter which com-

bines a good amplification of detail with an acceptable suppression of sharpening artifacts. 

• For each layer, the “Denoise” slider can be used to reduce high-frequency noise introduced 

by the sharpening filter. Or, to put it the other way round, with a higher “Denoise” setting 

the “Amount” value can be increased before noise becomes visible. 

Postprocessing can either affect the luminance channel only, or all color channels. The choice is 

made by setting a checkbox accordingly. If the choice is changed for one layer, it carries over to all 

other layers automatically. Please note that the “Bilateral range” slider in the “luminance only” case 

must be set at much smaller values for the same effect. 

When the postprocessing view opens in the GUI, the viewer to the left shows the input image, with 

the sharpening model selected in the version manager being applied. If PSS is called for the first time, 

in addition to the original image (Version “0”) it starts with an initial version 1, consisting of a trivial 

single correction layer (Radius = 1.0, Amount = 1.0., i.e. no correction is being applied, pure Gaussian 

sharpening, sharpening in all color channels). 

Layers are added / removed by pressing the buttons “Add correction layer” and “Remove”, respec-

tively. When layer parameters are changed, the image viewer is updated automatically. For input 

images with a few megapixels only, the viewer updates almost instantaneously. In the case of large 

images, a “busy” message appears in the status line until the update is finished.  
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In the above example a second layer has been added, and bilateral filtering is used for both layers. 

The viewer’s zoom function has been applied to look at the filter effect in detail. The current zoom 

rate is always shown at the lower right corner of the viewer. Pressing “1” resets the viewer to 100%. 

When the user presses the version manager button “New”, a new version with the same parameter 

settings as the version currently selected is appended to the version list, and the version selector 

switches to the new version. This makes it easy to create variants of existing versions and compare 

them with the version they were derived from. 

Different versions can be compared with each other using the “blink comparator”. First, in addition 

to the selected version, another version is chosen in the spin box on the right. When both versions 

are set, checking the “Blink compare with” box causes the viewer to alternate between them. The 

number of the version currently displayed in the viewer is shown in red. While the blink comparator 

is running, the layer parameters of the selected version can be changed. Layers can be added or re-

moved. Even the selection of the two versions displayed can be changed. Last but not least, as with 

all PSS viewers, zooming and panning can be used to inspect the effect of the sharpening model in 

detail. 

                  

Once the user is satisfied with the selected version, pressing the “OK” button triggers PSS to save this 

image version along with the input image (as a 16bit .png, .tiff or .fits image). The file name is the one 
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of the input image, extended by the suffix “_gpp.png / .tiff / .fits”. The parameters of all postpro-

cessing versions and 

the number of the 

selected version are 

saved in the configu-

ration file. When the 

postprocessing view 

opens next time, all 

versions and the 

selection index are 

restored. 

Additionally, the user 

can save the selected 

postprocessing ver-

sion to an arbitrary 

file system location 

by pressing the “Save 

as” button. 

Different postprocessing configurations can be saved and restored at any time using the menu en-

tries “File / Save configuration” and “File / Load configuration” (see above in Section 4.1).. 

4.14 Postprocessing (RGB Channel Alignment) 
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If, for example, the object was low in the sky during capturing, the three video color channels are 

misaligned due to differential atmospheric dispersion. As a result, color fringes appear at sharp edges 

such as planetary rims or lunar crater walls. PSS offers to shift the red and blue channels, relative to 

the green one, as part of the postprocessing pipeline. 

In the Jupiter example above, captured by the French planetary specialist Jean-Luc Dauvergne, the 

color channels of the stacked image were shifted deliberately to simulate a situation of bad color 

dispersion. 

Selecting the postprocessing GUI tab “RGB Alignment” opens the control elements to the right. 

Please note that this tab is active for three-channel color input material only. For each postpro-

cessing version the RGB alignment can be specified individually. By switching back and forth between 

“Wavelets” and “RGB Alignment”, sharpening parameters and alignment shifts can be modified in 

any order. 

The easiest way to align the three color channels is to check the “Automatic” box at the top. PSS then 

tries to align the three channels as well as possible. The “Resolution” combobox offers up to three 

levels (1 pixel, 0.5 pixels, 0.25 pixels) for sub-pixel precision. Depending on the amount of available 

RAM, for very large images the finest levels may not appear. If the input image is quite noisy, it may 

help to experiment with the “noise level” slider. Usually, however, this does not make any difference. 

The following view shows the scene above with automatic alignment at 0.25 pixel resolution. 

 

The red and blue figures in the channel status panels show the shifts applied to the red and blue 

channel in pixels. 
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In most cases automatic RGB alignment is the best choice. As an alternative, the user can set the red 

/ blue shifts manually or modify the result of automatic alignment. To this end, uncheck the “Auto-

matic” box. This activates the correction keys, individually for the red and blue channels. Pressing the 

“Reset” button sets the shift for the respective channel to zero. 

Please note that in batch processing the postprocessing version selected during the last interactive 

session is applied. If this version includes RGB alignment, this is executed in batch mode as well. In 

this case manual alignments only make sense if images taken during the same capturing session are 

processed. “Automatic” alignment, on the other hand, computes the optimal channel shifts for each 

input image individually, so it adapts to different capturing situations. 

4.15 End of Program 

When a job is finished in interactive mode, the user can instruct PSS to repeat the execution starting 

with a selected job phase. Pressing the combo box “Go back to” opens a panel with the available 

phases. This can be useful if one wants to change parameters affecting later job phases only, without 

repeating the whole job. 

 

When all jobs are completed, PSS returns to its initial state. New jobs can be selected using the “File / 

Open” dialog. If no more jobs are left, the user can quit the program by pressing the “Quit” button. 

As a last activity PSS saves the current configuration in the standard configuration file and closes all 

protocol files.  
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Appendix A: Configuration Parameters 

The configuration dialog allows entering user-specific values for various parameters. The dialog is 
organized as a “tabbed pane”, the four sections of which contain: 
 

• Workflow parameters, 

• Frame-related parameters, 

• Multipoint alignment parameters, 

• Stacking parameters. 

The following tables contain definitions of all parameters. 

Workflow parameters 

 

Write protocol to file If checked, a protocol is written (appended) to the file “Plane-

tarySystemStacker.log” in the user’s home directory. 

Protocol detail level Level of protocol detail. 0: No protocol; 1: Only major steps 

listed; 2: Detailed info for each processing step. 

Store protocol with results If checked, in addition to the global protocol file, for every job 

the protocol section related to it is stored in a separate file 

along with the job result (extension “_stacking-log.txt” or 

“_postproc-log.txt”, depending on the job type). 
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Write images as Images resulting from stacking or postprocessing jobs can be 

written either in 16bit .png, .tiff or .fits format. This parameter 

selects the format to be used in automatic save operations. 

Independent of this choice, the user can save images in all 

three formats by pressing the “Save as” buttons. 

Include parameters in output file 

name 

If checked, the four checkboxes to the right are activated. Here 

the user can select processing parameters to be included in 

the name strings of the stacked / postprocessed image file. 

This makes it easier to keep different versions of stacking re-

sults apart. If “Store protocol with results” (see above) is 

checked, the parameter values are inserted into the name of 

the protocol file as well. 

The following parameters can be inserted: 

• Number of frames to be stacked 

• Percent of frames to be stacked 

• Alignment point box size (pixels) 

• Number of alignment points 

If, for example, “Percent of frames to be stacked” and “Num-

ber of alignment points” are checked, the insertion 

“_p25_ap402” stands for “25% frames stacked” and “402 

alignment points”. 

Data buffering level Specifies how much data PSS should keep in RAM for reuse. 

The default value is “auto”. In this case PSS chooses the high-

est possible value so that the data fits in the RAM available. As 

an alternative, the user can specify a fixed buffering level. Pos-

sible values range from 0 (no buffering) to 4 (keep all interme-

diate results in RAM). 

Maximum RAM (GBytes) If checked, the amount of RAM PSS should not exceed to use 

can be specified explicitly. To do so, the user enters the num-

ber of GBytes allocated to PSS as an integer value. If this op-

tion is active, the option “Data buffering level” is fixed to “au-

to”. 

Stacking plus postprocessing Only used for stacking jobs: If checked, postprocessing is in-

cluded as an additional phase at the end of the stacking job. In 

this case, both the stacked summation image and the sharp-

ened version are written to the file system. 
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Frame-related parameters 

 

Debayering default Debayering pattern used in stacking jobs if no other pattern 

is specified for that job explicitly (via the context menu) in 

the job editing dialog (see Section 4.3).  

Debayering method Debayering method used to convert RAW video input into 

RGB images. The fastest method is “bilinear” (default). For 

better color image quality, especially for planets, try “Varia-

ble Number of Gradients” or “Edge Aware”. 

Noise level Width of the Gaussian filter used to blur the original images 

before shifts are determined. For noisy images this value 

should be increased. If the images show very little noise, a 

lower value can improve the precision. 

Frame stabilization mode For planetary imaging, choose “Planet”. This option is valid 

only if the object in all directions is surrounded by dark sky. 

In all other cases, “Surface” must be selected. 

Automatic frame stabilization Only used in “Surface” mode (see above). In this case, the 

global alignment of all frames relative to each other is based 

on the shift measured at a selected surface patch. The patch 

should contain good local contrast in both coordinate direc-

tions. If this option is checked, PSS selects the patch auto-
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matically. Otherwise, the user is prompted to select the 

patch manually. 

In batch mode, this option is ignored, and PSS always selects 

the patch itself. 

Stabilization patch size Size of the stabilization patch in both coordinate directions 

relative to the frame size (in percent). 

Stabilization search width Maximum allowed shift between two consecutive frames in 

pixels per coordinate direction. If no matching is found with-

in this search width, frame alignment is aborted. If “Auto-

matic frame stabilization” is checked, PSS tries again with 

another stabilization patch. 

If the problem cannot be resolved with any stabilization 

patch, the job is aborted. In this case try again with a higher 

value (up to 150) for this parameter. 

Percentage of best frames for 

reference frame computation 

The reference frame is computed by averaging the best 

frames after global frame stabilization. This parameter de-

termines the fraction of frames used for the reference 

frame. 

Dialog to exclude frames from 

stacking 

At the beginning of the “Rank frames” step, in interactive 

mode an additional dialog is opened where the user can 

include / exclude frames (or ranges of frames) for the follow-

ing processing steps. 

Object is changing fast 

(e.g. Jupter, Sun) 

If checked, PSS tries to select frames from as short an inter-

val as possible for the computation of the reference frame. If 

the object is changing fast, this results in a less blurred ref-

erence frame. 
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Multipoint alignment parameters 

 

Alignment box width Standard size of the quadratic alignment patches 

around each alignment point used for measuring the 

local shift. In the case of noisy images or low local con-

trast, a larger box size is recommended. 

This parameter is used by the automatic AP grid gener-

ation. 

Max. alignment search width Maximum local warp displacement (after global frame 

stabilization). The warp is measured using a local search 

algorithm. If within the specified search width no 

matching is found, the local warp shift is set to zero and 

the measurement is counted as “failed”. 

Minimum structure Threshold used by automatic AP grid generation to 

avoid alignment points in places with too little local 

structure. Increase this value if APs with too little struc-

ture have been created. 

Minimum brightness Threshold used by automatic AP grid generation to 

avoid alignment points in places with too little light. 

The main purpose of this feature is to avoid APs in the 

background sky. 
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Stacking parameters 

 

Percentage / number of 

frames to be stacked 

At every AP a fixed number of best frames are used for stacking. With 

the combo box one can choose if one wants to enter either the per-

centage or the number of frames to be stacked. The corresponding 

value is entered in the spinbox to the right. 

Normalize frame brightness If checked, the brightness of frames is changed such that on average 

they are all equal. This is recommended, for example, if the atmos-

pheric transparency changed while the input frames were recorded. 

The normalization takes effect in the quality rating of frames and AP 

patches, and in stacking. 

Normalization black cut-off A number between 0 and 255. Pixel values below this threshold do 

not enter the computation of average brightness. Setting this thresh-

old to a nonzero value can have the effect that the changing bright-

ness of large black space around the object does not influence the 

computed average brightness of the object. 

Please note that the 8bit values entered here are scaled up if the in-

put frames are 16bit. 

Use drizzling factor in stacking Either “Off” (default) or one out of “1.5x”, “2x”, “3x”. Interpolate in-

put frames by the drizzle factor and stack them with sub-pixel accura-

cy. The pixel counts of the stacked image are increased by the drizzle 

factor. 
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Parameters can be modified either in the configuration dialog (menu “Edit / Edit configuration”) or 

during job processing in interactive mode. The configuration also includes the current sharpening 

models as defined in the postprocessing dialog. 

Before PSS terminates, the current parameter set is written into the configuration file “PlanetarySys-

temStacker.ini” in the user’s home directory. The next time PSS starts it restores the configuration 

using that file. Additionally, at any time during execution the current parameter set can be saved to 

or loaded from a file of the user’s choice (menu “File / Save configuration” and “File / Load configura-

tion”). 
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Appendix B: Using PSS from the Command Line 

Starting with Version 0.8.0, PSS can be started from the command line without opening a GUI. One or 

more stacking jobs (using the same parameter configuration) can be started with a single command. 

The control of the workflow is accomplished by setting command line arguments. The following ta-

bles give an overview of the arguments, their default values and allowed value ranges. The argu-

ments are defined in analogy to the parameters in the GUI configuration dialog. For a detailed expla-

nation please refer to “Appendix A: Configuration Parameters”. 

Required arguments 

job 1 [ job 2 [ job 3 …]] Stacking jobs, either video files or 

folders containing still image files of 

the same shape. At least one job 

must be specified. 

Examples: 

C:\my_ video.avi  C:\my_folder 

C:\video_with_wildcard*.ser 

 

As the second example shows, wildcards are permitted. In this case the name expands to a list of all 

names matching the wildcard expression. 

Optional arguments 

Workflow Parameters 

Name Short

cut 

Description Value Default 

--help -h Help: print a help text with a list of all 

available arguments 

No value expected - 

--protocol -p Store protocol with results No value expected - 

--protocol_detail - Protocol detail level 0, 1 or 2 1 

--buffering_level -b Buffering level auto, 0, 1, 2, 3 or 4 auto 

--ram_size -r Maximum RAM for this job (GBytes) 

If the parameter is active, a user-

specified “Buffering level” is ignored 

and set to “auto”.  

1, 2, 3, … 

(integer) 

- 

--out_format - Image format for output png, tiff or fits png 

--name_add_f - Add number of stacked frames to out-

put file name 

No value expected - 

--name_add_p - Add percentage of stacked frames to No value expected - 
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output file name 

--name_add_apb - Add alignment point box size (pixels) 

to output file name 

No value expected - 

--name_add_apn - Add number of alignment points to 

output file name 

No value expected - 

 

Frame-related Parameters 

Name Shortcut Description Value Default 

--debayering - Debayering option One out of: 

Auto detect color 

Grayscale 

RGB 

BGR 

Force Bayer RGGB 

Force Bayer GRBG 

Force Bayer GBRG 

Force Bayer BGGR 

Auto detect 

color 

--debayering_method - Debayering method One out of: 

Bilinear, 

Variable Number 

of Gradients, 

Edge Aware 

Bilinear 

--noise  Noise level (add Gaussi-

an blur) 

0 ≤  noise  ≤ 11 7 

--stab_mode -m Frame stabilization 

mode. Please note that 

for mode = “Surface” 

stabilization is always 

automatic. 

Surface or Planet Surface 

--stab_size - Only relevant for mode 

= Surface: 

Stabilization patch size 

(% of frame) 

5 ≤  size  ≤ 80 33 

--stab_sw - Only relevant for mode 

= Surface: 

Stabilization search 

width (pixels) 

5 ≤  width  ≤ 150 34 
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--rf_percent - Percentage of best 

frames for reference 

frame computation 

3 ≤  percent  ≤ 30 5 

--fast_changing_object - Use frames from a short 

video section in compu-

ting the reference frame 

to avoid blur.   

No value expected - 

--dark -d Image file for dark 

frame correction 

Fully qualified path 

to an image file 

with extension 

png, tiff or fits 

- 

--flat -f Image file for flat frame 

correction 

Fully qualified path 

to an image file 

with extension 

png, tiff or fits 

- 

 

Multipoint Alignment Parameters 

Name Shortcut Description Value Default 

--align_box_width -a Alignment point box width 

(pixels) 

20 ≤  width  ≤ 

140 

48 

--align_search_width -w Alignment point search 

width (pixels) 

6 ≤  width  ≤ 30 14 

--align_min_struct - Minimum structure 0.01 ≤  struct  ≤ 

0.3 

0.04 

--align_min_bright - Minimum brightness 2 ≤  bright  ≤ 50 10 

 

Stacking Parameters 

Name Shortcut Description Value Default 

--stack_percent -s Percentage of best frames to be 

stacked 

1 ≤  percent  ≤ 

100 

10 

--stack_number - Number of best frames to be 

stacked. If given, this parameter 

has priority over –stack_percent. 

If the number entered exceeds 

the number of available frames, 

1 ≤  number No default 
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all frames are stacked. 

--normalize_bright -n Normalize frame brightness No value ex-

pected 

- 

--normalize_bco - Only relevant if  “normal-

ize_bright” is selected: 

Normalization black cut-off 

0 ≤  bco  ≤ 40 15 

--drizzle - Interpolate input frames by the 

drizzle factor and stack them 

with sub-pixel accuracy. The 

pixel counts of the stacked im-

age are increased by the drizzle 

factor. 

One out of: 

Off, 1.5x., 2x, 3x 

Off 

 

Example: 

python3 planetary_system_stacker.py C:\video_1.avi C:\video_2.avi 

        -p -b 4 -s 25 -a 52 -w 20 –n -d C:\dark.png -f C:\flat.png 

        --drizzle 1.5x 

stacks two video files (C:\video_1.avi and C:\video_2.avi) with the following parameters: 

• -p: Store protocol with results 

• -b 4: Buffering level 4 

• -s 25: Stack 25% of best frames 

• -a 52: Alignment point box width = 52 pixels 

• -w 20: Alignment point search width = 20 pixels 

• -n: Normalize frame brightness 

• Use file C:\dark.png for dark frame correction 

• Use file C:\flat.png for flat frame correction 

• Apply 1.5x drizzle in stacking 


