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SIPS basics 

What does SIPS mean? 
SIPS stands for Scientific Image Processing System. SIPS does not contain many common image editing tools, like 

ōǊǳǎƘŜǎΣ ŜŦŦŜŎǘ ŦƛƭǘŜǊǎΣ ŜǘŎΦ LƴǎǘŜŀŘΣ ƛǘ ƛƳǇƭŜƳŜƴǘǎ ƻǇŜǊŀǘƛƻƴǎ ƭƛƪŜ άŘŀǊƪ ŦǊŀƳŜ ǎǳōǘǊŀŎǘƛƻƴέ ŀƴŘ άŦƭŀǘ ŦƛŜƭŘƛƴƎέΣ ƻŦǘŜƴ 

performed by astronomers to calibrate their images (and astronomers consider themselves scientists :-). It also 

implements powerful tools for astrometry reduction and photometry processingτoperations necessary to extract 

scientifically valuable information from astronomical images. The native image format used by SIPS is FITS, used among 

the science community to exchange data, not JPEG, TIFF, or PNG (although it is of course possible to export images to 

these commonly used image formats). 

What is SIPS 
SIPS is a software package, focused on two areas: 

¶ Astronomical observation control, which includes camera and filter wheel control and image acquisition, 

automatic guiding as well as additional device and observing equipment control, like focusers, telescope 

mounts, observatory domes, weather stations, GPS receivers etc. 

SIPS allows controlling of any observing equipment (camera, telescope, ...) only with an appropriate driver. The 

native drivers for the entire range of Moravian Instruments Cx and Gx cameras are included in the installation 

package of SIPS. SIPS also contains interface to ASCOM standard1 drivers, so any device (camera, focuser, 

telescope mount, etc.) with ASCOM-compatible driver can be used from within SIPS. 

¶ Astronomical image scientific processing, like raw image calibration (dark frame subtraction, flat fielding) and 

ōŀǎƛŎ ƳŀƴƛǇǳƭŀǘƛƻƴ όƳŜŘƛŀƴ ŎƻƳōƛƴŜΣ ŀƭƛƎƴƳŜƴǘ ŀƴŘ ǎǘŀŎƪƛƴƎΣ ōƭƛƴƪƛƴƎΣ ΧύΦ ¢ǿƻ ƪŜȅ ƛƳŀƎŜ ǊŜŘǳŎǘƛƻƴ 

workflows, used in research to analyze astronomical images, are also includedτastrometry reduction and 

time-based photometry processing. Astrometry and photometry processing is quite advanced and allows for 

efficient processing of multiple targets within a field of view very quickly. 

SIPS is designed to work under any 32-bit or 64-bit Windows operating system, beginning with Windows 7 and currently 

up to Windows 11. It should also run on subsequent Windows versions, providing these versions maintain compatibility 

with applications designed for Win32 API. 

Basic SIPS principles 
SIPS is designed to be intuitive and easy to use, but some actions require understanding of certain principles. For 

instance, calibration of multiple images at once is performed using image lists, therefore, the concept of image lists and 

some basic image list handlings (e.g., adding of images to list) should be understood. 

There are four basic types of GUI elements in SIPS: 

¶ Command ribbons2, either snapped to containers, arranged around the SIPS main window borders, or floating 

in the independent pop-up windows. 

¶ Images, which are matrices of pixels representing brightness of individual image points. Images can be 

displayed in overlapping windows inside the SIPS main window or in tabbed container occupying entire SIPS 

main window client area. 

¶ Image lists, holding one or more images (number of operations can be performed on single image as well as 

on all images in the particular list). Lists are always displayed as overlapping windows inside the SIPS main 

window. 

 
1 See https://www.ascom-standards.org/ 
2 SIPS v4 GUI departs from traditional menu/toolbar arrangement and introduces new and highly configurable command 

ribbons. How SIPS ribbons work, how they can be arranged, showed, or hidden are described in the Appendix A: SIPS 

user interface. 
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¶ SIPS tools, represented by tool windows. Every tool offers GUI for some operationτe.g., camera control, 

guiding, stacking multiple images, astrometry reduction or photometry processing etc. 

While it is possible to open/create many image and image list windows, every tool window can be opened only once. 

Images in SIPS 
Monochrome image is simply two-dimensional array (matrix) of pixels equipped with some additional information to 

enable image manipulationτfor example various FITS header field values, sensor temperature during image recording, 

exposure time etc. Image can be displayed in window, but it can exist within SIPS image list even without being visible 

(we will describe image lists later). 

   

While each pixel of monochrome image is represented by single value, there are three values representing red, green, 

and blue components of each pixel in color image. SIPS stores color images as three matrices, one for each color. 

Because some operations (e.g., searching of stars within image) are independent of the particular color, SIPS stores also 

color-neutral luminance matrix beside RGB matrices. So, a colored imageτeven one using just a single colorτoccupies 

four times the memory space of a monochrome one. 

Images can be not only viewed; it is possible to perform various operations on them. 

¶ Simple operations are performed directly from the command ribbons, like for instance transformations 

όƳƛǊǊƻǊƛƴƎ ƻǊ ǊƻǘŀǘƛƻƴΣ ΧύΦ 

¶ More complex operations are performed through SIPS tools (tool windows), each focused to some kind of 

operation (note that some tools manipulate not only single images, but also image lists). Individual tools will 

be thoroughly described later. 

Images are thoroughly described in the SIPS Images chapter. 

Image Lists 
Astronomers typically capture many images during an observing session. Images taken by a camera always require at 

least some degree of processingτat last they must be calibrated. Image lists allow processing of multiple images at 

once, but they can be efficiently used also for other purposes. SIPS supports mathematical operations defined on 

number of images, like computation of average or median of images. These operations are performed using image lists. 

Image lists in the SIPS workspace are represented visually as a window. Image list windows display the list of images 

represented by the window and several tool buttons, which enable adding and removing images to/from the list. 
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Image lists are thoroughly described in SIPS Image Lists chapter. 

SIPS tools 
{Lt{ ƻŦŦŜǊǎ ƴǳƳōŜǊ ƻŦ ǘƻƻƭǎ ǘƻ ŎƻƴǘǊƻƭ ǾŀǊƛƻǳǎ ŘŜǾƛŎŜǎ όŎŀƳŜǊŀǎΣ ƳƻǳƴǘǎΣ Χύ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ƳŀƴƛǇǳƭŀǘŜ ŀƴŘ ǇǊƻŎŜǎǎ ƛƳŀƎŜǎ 

and image lists. Individual tools will be described in detail in the next chapters of this documentation. 

 

Remark: 

Tool windows behave somewhat differently compared to image and image list windows. They do not exist within 

the SIPS workspace, but always stays above SIPS main window. 

Tools can be opened from two command ribbonsτthe Devices ribbon allows opening of tools intended to control 

hardware devices, such as cameras, telescope mounts, etc., 

 

while the Tools ribbon contains tools designed to image manipulation and processing. 

 

Hint: 

The Devices and Tools ribbons occupy the same group in the default ribbon configuration. However, as described 

in the Appendix A: SIPS user interface, each ribbon can be dragged to another group or even to another ribbon 

container. For instance, it is possible to place the Tools ribbon vertically on the left or right side of the SIPS main 

windows etc. 

Some tool windows are independent on other image or image list windows, e.g., the Imaging camera tool controlling 

the main imaging camera. 
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Other tools are related to currently active (selected) image window, e.g., the Histogram and Stretch or Profile tools. If 

you select another image window (e.g., by clicking it), Histogram and Stretch tool displays the histogram of newly 

selected image and manipulating of the stretch controls affects the selected image only. 

Other tools require explicit definition of which images or image lists should be manipulated, e.g., Image Math and 

Filters or Calibration tools. 

There are also tools, which contain implicit image list. To operate such tools, it is first necessary to fill this list with 

images, be it from files or from another list or lists. Only then the tool can perform its tasks on the images in own list. 

Examples of such tools are Blink Images, Combine Images, or Photometry processing. 

SIPS remembers the open state and position of all tool windows. When you start SIPS again, it opens tools open in 

previous session and places them into the same position. 

Settings ribbon pane 
The Settings ribbon pane contains controls affecting global SIPS behavior and features spanning multiple tools. 

 

New image transformation 
In some cases, it is desirable to perform some image transformation immediately upon image read from a camera. For 

instance, when the camera is rotated 90 degrees relative to celestial north and the user wants to work with images 

properly oriented (north up) etc. Immediate transformation upon image read can be defined in the 

 dialog box, opened from the Settings ribbon pane. 

 

!ǾŀƛƭŀōƭŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ ŀǊŜ ǘƘŜ ǎŀƳŜ ƭƛƪŜ ǘƘŜ άƻƴƭƛƴŜέ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘŜ Transform ribbon. Also 

included is the possibility to immediately perform Debayer processing when the single-shot-color camera is used. 

One exception from the above-mentioned duplicity is a transformation named Cut 9 tiles from new images, which is 

available only for newly read images. The purpose of this transformation is to allow inspection of nine parts of the image 

(center, all four corners and centers of the border edges) without the necessity to zoom-out the image, which hides 
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important details. This transformation is especially useful with large-resolution cameras, which image must be 

significantly zoomed out to be entirely visible on the computer screen. The selected nine portions of the image allow to 

justify focus and/or shapes of stars in all extreme image locations, e.g. when the user needs to adjust camera tilt relative 

to optical axis etc. 

If multiple transformations are checked, then they are performed in the order defined by the top-down order of the 

respective checkbox in the dialog box. 

New FITS Headers 
FITS image format flexibility allows storing of virtually any metadata in its headers, but at the same time it leads to many 

variants of the same information in its headers. SIPS allows users to decide which FITS headers are to be included into 

every image read from the camera through the  dialog box, opened from the Settings ribbon 

pane. 

 

Some values, like exposure time EXPTIME or binning X/YBINNING, are always set according to the acquired image. 

Other values (for instance OBSERVER) may be defined statically, and some of them may be also dynamically modified 

according to the connected hardware, image handling options or values defined in the global Observatory Setup: 

¶ Image center equatorial coordinates (RA and DEC) may be set to the connected Telescope mount position. 

¶ Pixel size (X/YPIXSIZE) may be set to the connected Imaging camera pixel size. 

¶ OBJECT name may be set to the saved FITS file name. 

¶ Focal length (FOCALLEN) may be set to value defined in the Observatory Setup dialog box. 

¶ Telescope (TELESCOP) name may be set to value defined in the Observatory Setup dialog box. 

¶ Instrument (INSTRUME) may be set to the connected Imaging camera name. 

¶ Observatory (OBSERVAT) name may be set to value defined in the Observatory Setup dialog box. 

¶ ORIGIN may be set to the current SIPS version. 

¶ Geographic location (LAT--OBS, LONG-OBS, and ELEV-OBS) name may be set to values defined in the 

Observatory Setup dialog box. 
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Continue exposures on camera connect 

Checking of the option button  ensures continuing of repeated exposures of the Imaging camera 

in the case the camera was unplugged while the exposures were running and then plugged again. 

Observatory Setup 
The Observatory Setup dialog box is a place to define some global values, used within multiple SIPS tools. For instance, 

observatory geographic locations may be used by the Telescope tool convert equatorial coordinates (R.A. and Dec.) to 

Altitude and Azimuth, by the Imaging camera tool to writhe location to the FITS headers, by the Photometry tool to 

calculate air mass etc. 

 

The geographic location may be defined statically, or location coordinates may be read from the connected GPS 

receiver, either standalone device of a receiver attached to the imaging camera. Also, location may be read from the 

connected telescope driver (tŜƭŜǎŎƻǇŜ ǘȅǇƛŎŀƭƭȅ άƪƴƻǿǎέ ǿƘŜǊŜ ƛǘ ǎǘŀƴŘǎ ŀǎ ƛǘ ƴŜŜŘǎ ƭƻŎŀǘƛƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ǾŀǊƛƻǳǎ 

functions). 

¶ Read Location from GPS updates the values from the currently attached standalone GPS receiver. 

¶ Read Location from Telescope reads the values from the active Telescope driver (telescope mount typically 

contain location information e.g. to be able to transform equatorial coordinates to azimuth and altitude). 

¶ Read Location from Camera GPS can be used if the used camera is equipped with GPS receiver. The GPS 

receiver integrated with camera is primarily intended to provide precise exposure timing information, but it of 

course also provides geographic location. 

Individual buttons are enabled or disabled according to the availability (connection state) of individual device in the 

time of opening of the Observatory Setup dialog box. 

Hint: 

Sometimes coordinates are not provided in hours or degrees, minutes, and seconds, but in degrees in the form of 

decimal number (fraction of degrees). While conversion from decimal degrees to minutes and seconds is simple, it 

involves a few divisions and subtractions and majority of people cannot do such math without calculator or at last 

ǇŜƴ ŀƴŘ ǇŀǇŜǊΦ ¢Ƙƛǎ ƛǎ ǿƘȅ ǘƘŜ ƭƻŎŀǘƛƻƴ ŎƻƴǘǊƻƭǎ ŀǊŜ ŎŀǇŀōƭŜ ǘƻ ǇŜǊŦƻǊƳ άǎƳŀǊǘ ǇŀǎǘŜέ ƻǇŜǊŀǘƛƻƴΦ LŦ ŀ ƴǳƳōŜǊ ǿƛǘƘ 

a fraction part (containing decimal point) is pasted to the Observatory latitude or Observatory longitude first 

count-box (degrees), SIPS transforms the value into whole degrees, minutes, and second and fills all three count-

boxes accordingly. 

Mute button 

The  button stops any alarm sound currently played by any device capable of audible alarms (for instance, the 

Weather station tool, Telescope tool etc.). 
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32-bit and 64-bit SIPS 
SIPS is available in both 32-bit and 64-bit versions, the latter one naturally requires a 64-bit PC and a 64-bit operating 

system to run. 

Remark: 

Even if the 64-bit version of Windows runs on a PC with 64-bit processor, this does not mean all applications are 

also 64-bit. Both the 64-bit PC hardware (CPU) and 64-bit operating system (Windows) are designed to seamlessly 

run older 32-bit applications. So, many applications can still be 32-bit only and users may not even notice this. This 

is also valid for drivers intended to control cameras and other observatory equipment. 

The 64-bit SIPS is not limited to 2 GB memory limit, imposed by 32-bit addressing space, and thus can be very useful 

when manipulating large lists of images, e.g., during photometry series processing. Also, the 64-bit code runs noticeably 

faster compared to the same code compiled to 32-bit application thanks to the enhancements in the instruction set, 

introduced in 64-bit x64 processors (also marked AMD64). On the other side, because it is not possible to combine 32-

bit and 64-bit code in one process (one running application), the 64-bit SIPS version requires all used drivers to be also 

64-bit, including ASCOM drivers used to control various devices, etc. 

So, the 32-bit SIPS offers widest compatibility with various device drivers, which are often 32-bit only. Ability to address 

memory beyond 2 GB and added processing speed is not important when controlling the observing run. 

As both 32-bit and 64-bit versions of SIPS can be installed at once, the 32-bit one is often used to control observation 

and acquire images and the 64-bit one is used to later process them. 

SIPS installation 
SIPS can be installed by running of its installation package on the particular computer. Installation packages are available 

in different version for 32-bit and 64-bit version as well as for individual language versions. 

The installation packages can be either downloaded from the Download section of the Moravian Instruments web site 

https://www.gxccd.com/  or can be found on the USB Flash Drive, shipped with every Moravian Instruments 

camera. 

Available packages are: 

¶ SIPS4_EN_32 - bit.exe  for 32-bit English version 

¶ SIPS4_EN_64 - bit.exe  for 64-bit English version 

Packages for other language versions differ in language identifier, e.g. the 64-bit Czech version installation package is 

named SIPS4_CZ_64 - bit.exe  etc. 

SIPS configuration files 
SIPS distinguishes two types of configurations: 

¶ Global configuration, common for all users. 

¶ User-specific configuration. 

Driver configuration file 
Driver configuration defines which hardware could be used with SIPS and which drivers control it. The configuration is 

stored in the simple text file sips.ini , which is placed in the same folder as the sips.exe  main executable (typically 

in the C: \ Program Files \ Moravian Instruments \ SIPS4 EN 64 - bit  or C: \ Program Files 

(x86) \  Moravian Instruments \ SIPS4 EN 32 - bit  folder). The file may look for example like this: 

[Camera]  
Moravian Camera (gXusb) = gxusb.dll  
Moravian Camera (cXusb) = cxusb.dll  
Moravian Camera on Ethernet = gxeth.dll  
ASCOM Camera = ascom_camera.dll  
 
[Filter Wheel]  
Moravian filter wheel = sfw.dll  
Moravian filter wheel on Ethernet = sfweth.dll  
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ASCOM = ascom_filters.dll  
 
[GPS] 
GarminUSB = gps18.dll  
NMEA = nmea.dll  
 
[Telescope]  
NexStar = nexstar.dll  
Meade = meade.dll  
ASCOM = ascom_tele.dll  
 
[Focuser]  
MM4 focuser = mmfocuser.dll  
ASCOM = ascom_focuser.dll  
 
[Flaps]  
ASCOM = ascom_flaps.dll  
 
[Dome] 
ASCOM = ascom_dome.dll 
 
[Switches]  
TCS2 switches = mmswitches.dll  
ASCOM = ascom_switches.dll  
 
[Weather Station]  
RDH11 = fiedlermeteo.dll  
ASCOM = ascom_meteo.dll  

Individual sections define which driver would be loaded and asked to enumerate all connected devices of particular 

type (cameras, filter wheels, telescope mounts, ...). 

SIPS is installed with sips.ini  containing all included drivers. 

Driver configuration file for 3rd party drivers 
{Lt{ ƛǎ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻ ƘŀƴŘƭƛƴƎ ƻŦ ŘŜǾƛŎŜǎ όŎŀƳŜǊŀǎΣ ŦƻŎǳǎŜǊǎΣ Χύ included in its installation. The driver API is publicly 

available and anybody is free to implement own drivers. 

However, to avoid a necessity to modify the sips.ini  in the Program Files folder, which is overwritten with every 

new SIPS installation, a second driver configuration file, also named sips.ini , may be created in the 

\ Users \ Public \ Documents \ SIPS\ ini  folder. If this file exists, SIPS merges drivers listed in respective ini file 

sections from both Program Files and Public Documents. 

Remark: 

The ability to include drivers defined in sips.ini  located in Public Documents was introduced in v4.1.  

User-specific configuration file 
User-specific configuration is stored in the file named sips_v4.ini , placed in the user-specific folder, assigned by 

the operating system (typically C: \ Users \ %user_name%\ AppData \ Roaming \ SIPS , where %user_name% is 

ǘƘŜ ǳǎŜǊΩǎ ƭƻƎƛƴ ƴŀƳŜύΦ 

Remark: 

Earlier SIPS versions used the sips.ini  file to save user-specific configuration, without the version suffix in its 

name. So, if the user runs both v3 and v4 versions of SIPS, configuration is stored separately, and any parameter 

changes are not propagated between versions. 

²ƘŜƴ ǘƘŜ {Lt{ Ǿп ƛǎ Ǌǳƴ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ǳƴŘŜǊ ǘƘŜ ǇŀǊǘƛŎǳƭŀǊ ǳǎŜǊΩǎ ǇǊƻŦƛƭŜ ŀƴŘ ǘƘŜ sips_v4.ini  file does not 

exist yet, SIPS tries to open the original v3 file to use its configuration setting. However, the configuration will be 

saved into the v4 name upon exit for future use. 

This configuration file stores hundreds of parameters, beginning from the position and open state of individual tool 

windows, to the preferred astrometry catalog and parameters for searching stars in images, etc. 
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Configuration handling command line parameters 
Sometimes even single user may need different configurations, for instance if multiple SIPS instances are launched to 

control multiple observing setups (telescope mount, imaging and guiding cameras, domes, ...). In such cases the SIPS 

reads configuration of the last recently closed SIPS instance, as the last closed SIPS overwrites the sips.ini  file, 

previously saved by previous instances. If another SIPS instance had to use different camera, the only choice was to 

manually define camera and mount driver are to be used upon each SIPS start. 

To solve this issue, SIPS accepts command-line parameters, which allow each program instance to use up to ten different 

configuration files. Also, other command line switches allow SIPS not to use configuration upon launch (run with all 

parameters set at default values), and also not to save configuration upon program exit: 

¶ /config:Nτuse the sips _v4_ N.ini  configuration file (N is a number 0 to 9) instead of default 
sips _v4 .ini  

¶ /cleanτdo not read sips_v4.ini  configuration file at all during start (clean start, ignores saved 

configuration) 

¶ /volatileτdo not save configuration to the sips_v4.ini  file upon exit (configuration changes will be 

abandoned) 

Hint: 

These command line parameters can be either entered directly into command line console when launching SIPS or 

it is possible to create a shortcut for SIPS using specific configuration and to define parameters in the shortcut 

properties dialog box. 

It is possible to type the command sips /?  to display a list of available command line parameters. 
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SIPS Images 

What is Image in SIPS? 
As was already noted in the introduction to SIPS, monochrome image is a matrix (two-dimensional array) of pixels plus 

a bunch of additional attributes storing for instance actual image size (width and depth), image exposure date and time, 

sensor temperature during exposure etc. 

Color images consist of three matrices of the same width and depth, one for each basic colorτRed, Green and Blue3. 

Some attributes are mandatory (e.g. image dimensions), but some are optional (e.g. observer name or camera type). 

SIPS keeps not only its own attributes with each image, but also the information contained in the FITS image header. 

There can be FITS headers loaded from FITS file (and possibly written back to file when image is saved), which SIPS does 

not care aboutτtƘŜ ǇǊƻƎǊŀƳ ŎƻŘŜ ŘƻŜǎ ƴƻǘ άǳƴŘŜǊǎǘŀƴŘέ ǘƘŜ ǇŀǊǘƛŎǳƭŀǊ ƘŜŀŘŜǊǎ ŀƴŘ ƻƴƭȅ ǎǘƻǊŜǎ ǘƘŜƳ ǘƻ ŜƴǎǳǊŜ ǘƘŜƛǊ 

persistence while image is manipulated in SIPS. 

FITS Image file format 
SIPS native image file format is FITS. Although FITS can support various pixel types (from 8, 16 and 32-bit integers to 

floating point numbers), SIPS is currently limited to 16-bit and 32-bit integer pixels, giving 65,536 or 4,294,967,296 

possible values for every pixel. There are software packages, which immediately convert all FITS images into floating 

point pixels. This makes FITS handling easier to program (floating point numbers are less sensitive to precision lost 

during various mathematical operations), but such images occupy a lot of memory, and their handling is much more 

CPU demanding and thus slower. Although SIPS can open FITS files with floating-point pixels, it transforms them to 32-

bit integer internally to handle it. 

Remark: 

Images converted to floating-point pixels also disallows some important operations, like distinguishing of saturated 

pixels or converting ADUs4 to electrons using camera gain, especially if the floating-point numbers are normalized 

etc. This is why SIPS does not use floating-point pixels and keeps them in integer values. 

Why to bother with 32-bit pixels when many cameras provide only 12 or 14-bit resolution and even if the 

camera/sensor supports full 16-bit resolution, images can be rarely reliably digitized with full 16-bit precision. At 

last, one and more often two, three or even four least significant bits are affected by random electronics noise. This 

means images often contain only 14 bits (and sometimes only 10 or 11 bits) of valid information, so 16-bit precision 

is not limiting. But 16 bits become limiting when we stack multiple images. Just two 16-bit images with pixel values 

above a half of the range (greater than 32,768) would cause pixel saturation. Here 32-bit images come handy. It 

would be necessary to add more than 65,000 saturated 16-bit images to saturate 32-bit pixel. 

FITS is very old format and some of its features are rather obsoleteτit originated in the era of punched cards and the 

header structure reflects it. The FITS header consists of blocks of 36 lines, each 80 characters long. Forget about (CR)LF 

delimiters and flexible line length, every line is exactly 80 characters long and padded with spaces (to fill one punched 

card?). Also forget about some lexical analysis based on keywords and delimiters, particular fields on each line are 

defined positionally, header names are limited to 8 characters, then the equal sign Ψ=Ω on column 9 must follow. Length 

of every string must be at last 8 characters (don't ask me why). Although SIPS extends shorter strings with spaces to 

fulfil this rule, it does not object if it reads string with less than 8 characters and number of other software packages 

ignore this rule. The header must end with line beginning with the END keyword. If the last line is not the line number 

36 (or multiply of 36 if the header spans over multiple blocks), blank lines containing 80 spaces up to 36 (or multiply of 

36) lines are added. 

Why is such obsolete format like FITS so popular? Simply because it works. FITS handling is routinely implemented in 

various software packages, so why to bother with format peculiarities? If we save images to FITS files, there is a good 

chance that such files can be manipulated by number of other software packages (but one can never be sure :-). It is 

 
3 SIPS creates also luminance pixels for each color image, used for instance for astrometry etc. So, color images occupy 
four-times the space of monochrome one. 
4 Analog to Digital Unitτnumber representing each pixel brightness, usually directly the output of the sensor A/D 
converters. 
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often enough for FITS file to contain some very basic headers (keywords SIMPLE, BITPIX, NAXIS, NAXIS1, NAXIS2 and 

possibly BSCALE and BZERO) and image can be loaded and displayed. 

On the other side, various software packages add various headers and if the header follows FITS syntax, it is valid FITS 

header. So, some FITS image can contain exposure time in header EXPTIME, another can use EXPOSURE header. The 

date of image exposure can be stored in TIME-OBS or UT header, or in the newly proposed headers DATE-BEG and DATE-

END etc. This is a drawback of FITS format, but still there is no other generally accepted format other than FITS, so we 

have no choice. 

SIPS allows users to specify which FITS header should be included into newly created images (read from camera) in the 

New FITS Header dialog. FITS headers of images existing in SIPS, either newly read from camera or loaded from disk file, 

can be viewed, and modified in the FITS Header Editor tool. 

Storing Color Images in FITS 
FITS format defines no standard for storing color images. However, FITS provides natural way to store multi-dimensional 

arrays of values (pixels), it is not limited to two-dimensional matrices only. Because color image consists of three planes, 

each containing red, green and blue color, it can be naturally handled as three-dimensional array with first two 

dimensions equal to image width and depth and the third dimension always equals to 3. 

SIPS uses this way to save color images into FITS files. The FITS parameters NAXIS and NAXIS3 both equal to 3 for color 

images. It is not clear if such FITS files can be handled by other image processing software, but storing image into such 

file does not cause any information loss and can be anytime separated into three independent two dimensional matrices 

again. 

All other FITS headers remain the same like in the case of monochrome images. 

FITS Image Coordinate System 
Unfortunately, the image coordinate system is not clearly defined by FITS standard. This means when the image is stored 

as two-dimensional matrix of pixels, it is not clear whether the first line of pixel is the top line (coordinate [0,0] in the 

upper left corner) or the bottom line (coordinate [0,0] in the lower left corner). 

Almost all professional FITS manipulation programs suppose the coordinate [0,0] is in the lower-left corner, which 

corresponds to commonly accepted definition of coordinate system used e.g. in mathematics (if we draw a graph of any 

function y = f(x), x-axis goes right and y-axis goes up). This is also valid for SIPS. 

However, coordinate system used by various graphical user interfaces (e.g. Windows GDI) places origin to the upper-

left corner (x-axis goes right, y-axis goes down). This is probably the reason why most amateur software packages handle 

FITS like the origin is in the upper-left corner and the y-axis increases downwards. 

SIPS v4 properly handles the FITS header ROWORDER, which value can be either BOTTOM-UP or TOP-DOWN. This means 

all images created and stored by SIPS contain this header, indicating all images are organized in the BOTTOM-UP order. 

Also, if a FITS file created by some other software package contains this header, SIPS loads such image with respect to 

originally defined row order. 

If the FITS image without ROWORDER parameter is stored by a software package with [0,0] in the upper-left corner and 

read by software package with [0,0] in the lower-left corner (or vice versa), it appears vertically mirrored. Fortunately, 

this brings only minor problem for the astronomical images. Each image can be arbitrary flipped or rotated, so it is not 

problem to adjust each image into proper orientation. 

Image Persistence 
As was already noted in the introduction to SIPS, it is not necessary to save FITS images to disk file to perform any 

operations with them. This is maybe somewhat unusual featureτnumber of image processing software packages are 

file-only oriented. They often rely on files to perform image manipulation. Performing some operation on multiple 

images requires putting all image files into separate directory or at last to name particular images to comply to some 

wild card naming rule (SIPS solves the problem of selecting files for multiple image processing by using Image Lists). 

On the other side it is obvious that it is necessary to save image to disk file to ensure its persistence. SIPS of course 

allows immediate saving of every image captured from camera etc. It also provides very flexible tools to save different 

image types (dark, flat, light) to different folders and/or under different names. File names can be automatically created 
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according to object name, date/time of exposure, filter name, ordinal number etc. (Refer to the Imaging camera tool 

description to learn more about capturing images.) 

But when capturing number of images to calculate flat field or dark frame as average or median of multiple images, it is 

not necessary to save all files to disk. They can stay in computer memory and only the resulting dark frame or flat field 

can be saved. Another possibility is to capture number of images and to inspect them on screen only for e.g. tracking 

errors, for object placement within the chip etc. and to save only good images. 

Images within SIPS Workspace 
Not all images must be visible (displayed) within SIPS. For instance, images in Image list can exist only in the list, without 

being visible to the user. Image lists are described in the separate chapter SIPS Image Lists. 

Images can be displayed two ways in SIPS: 

¶ Each image can have its own window. Image windows are placed inside the main SIPS window. 

 
Image windows can overlap, but they cannot be moved outside the SIPS workspace. Image windows can be 

arranged using command buttons Cascade windows, Tile vertically and Tile horizontally in the View ribbon. 
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Remark: 

Image lists (described in the separate chapter SIPS Image Lists) are also represented by windows inside SIPS 

workspace, so their windows are arranged together with image windows. 

¶ Images can be displayed in a tabbed pane, covering entire SIPS workspace. This means only one image is visible 

at a time. Different images are displayed when their appropriate tab is selected. 

 

Switching between these two modes can be performed using Images in Tabs command button in the View ribbon. If 

images are displayed in individual windows, any attempt to maximize any window (be it from window menu or by 
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clicking the maximize button or double-clicking the window title) switches SIPS workspace to tabbed mode. However, 

switching back from tabbed mode to window mode is possible only by clicking of the Images in Tabs tool. 

 

Remark: 

Tabbed mode is available only for image windows. Image list windows are always displayed as individual windows 

even if images are displayed in individual tabs. 

Window frame enables normal window manipulations, like zooming, moving etc. Every image window displays status 

bar: 

 

Image window status bar contains several information fields: 

¶ Monochrome/color indication icon (black and white strips for monochrome images and red, green and blue 

strips for color images). 

¶ Number of bits per pixel: 16 for 16-bit images, 32 for 32-bit images. 

¶ Size: image width and depth in pixels. 

¶ Span: minimal and maximal value of pixels in the image. 

¶ Stretch: minimal and maximal stretch values used to display image. All pixels less than minimal value appear 

black and all pixels greater than maximal value appear white. 

¶ Zoom: the current zoom applied to display the image. Values from 1:8 up to 8:1 are allowed. 

Opening and Saving Images 

Images can be opened by  tool or by pressing <Ctr O>. Open dialog also opens after the doble-click with the left 

mouse button on the SIPS workspace. SIPS opens only FITS images. 

Hint: 

It is possible to open multiple images at once. Simply select multiple images in open dialog box. All rules for multiple 

file selection valid for Windows Explorer applies here. 
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The drop-down list box, opened by an arrow right to the open button, shows the most recently used images. Clicking 

any item opens the image. 

If the image has been changed (e.g. its header has been updated) or newly acquired, it can be saved by the  

or  tool or by pressing <Ctrl>+<S>. The default file extension is .fits , although extensions .fit  or .fts  

can also be used. 

The  tool closes all opened images. It checks if all images are saved and displays warning if there is at last 

one unsaved image: 

 

Hint: 

Images can be also dragged from Windows Explorer and dropped to the SIPS workspace. Select one or more images 

in Windows Explorer and drag them with left mouse button pressed over the SIPS workspace. Then release the 

mouse button and SIPS opens all images in new image windows. 

Image Export 
Because common image formats (BMP, PNG, JPEG etc.) usually do not support more than 8 bits per single color, they 

are not suitable for storing of astronomical images. On the other side, only a few specialized programs understand FITS 

format. FITS cannot be displayed in web browsers, image viewers, imported into documents etc. (FITS import plug-ins 

for some image editing software are rare exceptions). 

To enable publishing images processed by SIPS, images can be exported to PNG, JPG, TIFF, BMP and GIF formats (these 

ŦƻǊƳŀǘǎ ŀǊŜ ŎŀƭƭŜŘ άу-ōƛǘ ŦƻǊƳŀǘǎέΣ ōŜŎŀǳǎŜ ǘƘŜȅ ǎǘƻǊŜ ŜŀŎƘ ŎƻƭƻǊ ŎƻƳǇƻƴŜƴǘ ƛƴ 8-bit number, allowing 256 levels for 

each component). The Export to 8-bit button is located in the File ribbon. Desired format is defined by the file name 

ŜȄǘŜƴǎƛƻƴ όŦƻǊ ƛƴǎǘŀƴŎŜ άΦƧǇƎέ ƻǊ άΦǇƴƎέύΦ ¸ƻǳ Ŏŀƴ ŀƭǎƻ ŎƘƻƻǎŜ ǘƘŜ ǊŜǉǳƛǊŜŘ ŦƛƭŜ ǘȅǇŜ ŦǊƻƳ ŎƻƳōƻ-box and enter the file 

name without extension. The resulting image will be saved in the chosen format. 

It is important to understand, that the same image transformations, used to display images on computer screen 

(typically also limited to 8 bits per color component), are used to transform 16- or 32-bit image to 8 bits dynamic range. 

So, not only the image brightness will be stored the same way it is displayed on the screen, but also possible false-color 

palette will be applied in the case of monochrome images. Also currently used zoom will be applied for images exported 

to 8-bit formats. 

Remark: 

Note that image export always means loss of informationτexported image always mimic the image look in the 

image window. This means image levels of gray are created according to currently defined stretch limits and gamma 

curve in the Histogram tool. This enables modification of exported images to look well, but the actual photometric 

information is damaged. 

Two general image formatsτTIFF and PNGτcan also support storing images with 16 bits per color channel. The Export 

to 16-bit button in the File ribbon allows exporting of 16-bit images to PNG or TIFF without reduction of dynamic range 

and without information loss. 

Because no transformation (image stretching) is applied to image prior to its export into 16-bit TIFF or PNG, only 16-bit 

images can be exported. 32-bit images must be converted to 16-bit ones using the  tool in the File ribbon 

prior to exporting them to 16-bit TIFF or PNG. 

Changing pixel dynamic range from 32 to 16 bits, when there are some pixels exceeding 16-bit limit (65,535), 

unavoidably discards information. SIPS offers two ways to reduce image dynamic range: 
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¶ The scale factor is calculated as a ratio between the value of the brightest pixel and the 65,535 (the maximal 

16-bit value). All pixels are then divided by this ratio. This limits the dynamic range of the image, but preserves 

the relative brightness of all pixels. 

¶ Sometimes only some bright stars exceed 16-bit range and we are interested in a fine nebulosity well under 

this limit. It could be more useful to cutoff pixels above 65,535 and keep the dynamic range of the rest of the 

image. 

 

Raw Image Import  
SIPS natively works with standard FITS file format. Other image formats (both 8-bits and 16-bits per pixel) are supported 

only for image export. But SIPS allows for importing of the raw image in the form of pixel matrix without any header. 

Remark: 

¢ƘŜ άǊŀǿ ŦƻǊƳŀǘέ ƛǎ ƻŦǘŜƴ ǳǎŜŘ ōȅ ǎǘƛƭƭ ŎŀƳŜǊŀ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ǘƻ ŘŜƴƻǘŜ ƛƳŀƎŜ ŦƻǊƳŀǘ ŎƻƴǘŀƛƴƛƴƎ ǇƛȄŜƭ ǾŀƭǳŜǎ ǊŜŀŘ 

directly from the camera sensor, but without colors reconstructed from Bayer color mask and often with higher 

dynamic range than 8-bits per color per pixel. Such images are then processed on the PC, after they are downloaded 

from the camera. 

¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘŜ ŀŎǘǳŀƭ ŦƻǊƳŀǘ ƻŦ ǎǘƻǊŜŘ Řŀǘŀ ƛƴ άǊŀǿέ ŦƛƭŜǎ ƛǎ ǇǊƻǇǊƛŜǘŀǊȅ όŘƛŦŦŜǊŜƴǘ ŎŀƳŜǊŀ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ǳǎŜ 

ŘƛŦŦŜǊŜƴǘ ŦƻǊƳŀǘǎύ ŀƴŘ ƻŦǘŜƴ ŜǾŜƴ ǎƛƴƎƭŜ ŎƻƳǇŀƴȅ ƛƴǘǊƻŘǳŎŜǎ ƳƻǊŜΣ Ƴǳǘǳŀƭƭȅ ƛƴŎƻƳǇŀǘƛōƭŜ άǊŀǿέ ŦƻǊƳŀǘǎ ƻǾŜǊ ǘƛƳŜΦ 

What is more, such formats are often not documented, particular camera manufacturer does not allow other 

companies to use it but through supplied libraries etc. 

The SIPS Import raw function does not concern above mentioned formats, but only pure data matrices without any 

header, stored in files. 

 

As the image header is missing, number of parameters must be defined so the SIPS understands how to interpret data 

file. First, it is necessary to define matrix width and depth (height). Then it is necessary to define the data format of each 

pixelτSIPS allows selection from 8, 16 and 32-bit signed and unsigned integers and also 32-bit floating-point numbers. 

The last option is byte order of individual pixels. 

Hint: 

As the expected data type is raw matrix of pixels, the size of imported file must equal to defined width multiplied 

by depth and byte size of each pixel. The Import RAW Image dialog box shows the calculated expected number of 

bytes and the actual size of the selected file. Until these two numbers are equal, SIPS does not allow to proceed 

with import. 

Zooming and Scrolling Images 
If the image size exceeds the space available in image window, horizontal and vertical scroll bars appear. Scrollbars allow 

selection of the image portion displayed in the image window. But there is much easier way to scroll the imageτ

pressing the right mouse button changes the mouse cursor to the shape of hand: 
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Pressing right mouse button shows a hand-shaped cursor, which allows dragging of image visible portion. When the 

ƘŀƴŘ άƘƻƭŘǎέ ǘƘŜ ƛƳŀƎŜΣ ƳƻǾƛƴƎ ǘƘŜ ƳƻǳǎŜ ǿƛǘƘ ǘƘŜ ǊƛƎƘǘ ƳƻǳǎŜ ōǳǘǘƻƴ ǇǊŜǎǎŜŘ ǿƛƭƭ ŘǊŀƎ ǘƘŜ ǾƛǎƛōƭŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ 

image. 

There is a slider in the View ribbon , which can be used to change the image zoom from 1:8 (eight-

times smaller) to 8:1 (eight-times larger). 

Mouse wheel can be also using to easily zoom-in and out the selected image, as well as to scroll visible portion: 

¶ Rolling the mouse wheel without pressing any modifier keys zooms the image. 

¶ Holding the <Ctrl> key while rolling the mouse wheel scrolls the image vertically. 

¶ Holding the <Shift> key while rolling the mouse wheel scrolls the image horizontally. 

Similarly, two finger gestures can be used to zoom image on multi-touch capable laptop computers. 

¶ Put two fingers on the computer touch-pad and move them towards each other (pinch). Image will zoom-out 

(shrinks). 

¶ Move two fingers away from each other, image will zoom in (enlarges). 

     

Remark: 

Changing the image zoom only affects the way image is displayed, it does not affect the image information itself. 

Zooming the image permanently requires using of commands in the Transform ribbon. On the other hand, if you 

export image to some common 8-bit image format (e.g. PNG or JPEG), the current visual image zoom will be used 

to create exported image. 

Handling zoom of large (4k+) images 
Maximum size of Windows USER objects (Windows GUI) as well as GDI (Graphics Device Interface) bitmaps is historically 

limited to 32767 pixels (maximum value of 16-bit integer). This seems large enough even today, as the highest-resolution 
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monitors are far from this dimension. But if you consider for instance C4-мсллл ŎŀƳŜǊŀΣ ǇǊƻŘǳŎƛƴƎ плфс Ҏ плфс ƛƳŀƎŜǎΣ 

and zoom the image 8-times, resulting size is 32768 pixels, 1 pixel more than the above-mentioned limit. C3 cameras 

ǿƛǘƘ ǳǇ ǘƻ фртс Ҏ соуу ǇƛȄŜƭǎ ƻǊ /р ŎŀƳŜǊŀǎ ǿƛǘƘ ǳǇ ǘƻ мпнрс Ҏ млсрс ǇƛȄŜƭǎ resolution produce images exceeding the 

32767 pixels limit when zoomed only 3 or 4-times. 

Remark: 

SIPS of course does not allocate the bitmaps that big while zooming images, only the visible portion of the image is 

actually allocated as displayed bitmap, but the 32767 pixels limit is imposed by using of other internal structures. 

To handle this issue, SIPS calculates the maximum zoom value for every image loaded from file or read from camera, 

depending on image dimensions. If the greater image dimension (width or depth) is less than 4096 pixels, maximal zoom 

is set to 8Ҏ. If the image dimension is greater or equal to 4096, the maximal available zoom is limited (less than 8Ҏ) to 

display such images correctly. 

Pixel values 
Value of the pixel under mouse cursor is displayed in the Image Info tool (providing the tool window is opened, of 

course). But the Image Info tool allows displaying of the mouse cursor coordinates and pixel value in the transparent 

pop-up window close to the mouse cursor. Just check the Show pixel pop-up checkbox. A semi-transparent window 

appears if the mouse is on some image window. 

 

The pixel pop-up displayed above color images shows individual values of red, green and blue colors. 

Color palettes 
Images are displayed in the black and white palette by default. This reflects the view of prints of astronomical objects 

photographed on classical black and white film. Even if the image is taken through a color filter, the luminance of 

individual pixels is expressed by the level of gray. 

But the color palette can be changed using the combo-box in the View ribbon. Some astronomers prefer negative look 

ƻŦ ƛƳŀƎŜǎ ŀƴŘ ǎƻƳŜǘƛƳŜǎ ƛǘ Ŏŀƴ ōŜ ǳǎŜŦǳƭ ǘƻ ŘƛǎǇƭŀȅ ƛƳŀƎŜǎ ƛƴ άŦŀƭǎŜ ŎƻƭƻǊǎέ ǘƻ ŜƴƘŀƴŎŜ ǎǳōǘƭŜ ŘŜǘŀƛƭǎ ŜǘŎΦ 
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Images above show standard black-and-white palette on the left and inverted (negative) palette on the right. 

    

False-color black-orange-ǿƘƛǘŜ ǇŀƭŜǘǘŜ ǎƘƻǿƴ ƻƴ ǘƘŜ ƭŜŦǘ ŀƴŘ άǎǇŜŎǘǊǳƳέ ǇŀƭŜǘǘŜ ƻƴ ǘƘŜ ǊƛƎƘǘ ƛƳŀƎŜΦ 

It is necessary to keep on mind that applying a color palette to image display does not change the information contained 

in image. Applying a palette affects only way images are displayed, not images themselves. 

Remark: 

Although color palette does not affect information in images, it is used when exporting images into 8-bit image 

formats. Exported images will have the same colors as images displayed on the screen. 

Palette can be applied only to monochrome images. Color images are always displayed in RGB colors according to 

pixels in the respective color planes. 

Palette definition 
SIPS contains a predefined set of color palettes, but it is possible to add user-specific palettes to the predefined ones. 

Palettes are handled using the dialog box, opened by the  tool in the View ribbon. 
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Any palette can be updated, or new ones can be added or inserted into list. It is almost impossible to define the palette 

one color after another, so the Color Palette Definition dialog box provides the interpolation (ramping) tool . 

The color interpolation is always performed between two color indexes defined by the two sliders. Note that both sliders 

can define first as well as last colorτit depends on which is more on the left side left and which is more on the right 

side. 

¢ƘŜ ŀŎǘǳŀƭ ŎƻƭƻǊǎΣ ōŜǘǿŜŜƴ ǿƘƛŎƘ ƻǘƘŜǊ ŎƻƭƻǊǎ ŀǊŜ ƛƴǘŜǊǇƻƭŀǘŜŘΣ ŀǊŜ ŘŜŦƛƴŜŘ ōȅ ǘǿƻ ά/ƻƭƻǊ ²Ŝƭƭǎέ ƻƴ ǘƘŜ ōƻǘǘƻƳ ƻŦ ǘƘŜ 

Color Palette Tool window. Color Well is a GUI control displaying selected color. Clicking to Color Well opens the Color 

Definition dialog box, which allows changing of the Color Well color. 

 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŜȄŀƳǇƭŜ ŘŜƳƻƴǎǘǊŀǘŜǎ ŀŘŘƛƴƎ ƻŦ ƴŜǿ ά.ƭŀŎƪ hǊŀƴƎŜ ²ƘƛǘŜέ ǇŀƭŜǘǘŜΣ ƻŦǘŜƴ ǳǎŜŘ ŦƻǊ ǇǳōƭƛŎŀǘƛƻƴǎ ƻŦ 

monochrome images on the web: 

1. Append new palette entry using the  button. The new entry is filled with the grayscale palette 

ŀƴŘ ƴŀƳŜŘ άƴŜǿ ŜƴǘǊȅέ ōȅ ŘŜŦŀǳƭǘΦ 

2. wŜƴŀƳŜ ǘƘŜ ƛǘŜƳ ǘƻ ά.ƭŀŎƪ hǊŀƴƎŜ ²ƘƛǘŜέ ǳǎƛƴƎ ǘƘŜ  button. 

3. Leave the lower slider on the left side (color index 0) and move the upper slider to the middle of the palette 

(color index 127). Then define the orange color of the right Color Well (click the Color Well and define colorτ

orange components are R = 255, G = 128, B = 0). Clicking the Interpolate buttonτthe first half of the palette is 

filled with colors ramping from black to orange. The palette entry will look like this: 
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4. Keep the upper slider on its position and move the bottom slider to the right-most position. The desired color 

(white) needs not to be defined; the right-most color already is white. Just click the Interpolate button . 

The palette entry will look like this: 

 
5. Note this palette entry will be discarded when the SIPS is exited. If you want to keep it for later use, save the 

current palette set using the  tool. SIPS will load the last used palette file on next startup. 

Hint: 

SIPS allow to store palettes in multiple files. Last palette file opened in the Color Palette Definition dialog box is 

loaded upon SIPS startup. 

It is also possible to merge multiple palette files into one file using the  button. 

Displaying the cross over image center 

Checking of the  tool in the View ribbon shows the cross over every displayed image center. The cross 

does not alter image data; it is only displayed. 

Showing the cross can be useful feature for various observing tasks, for instance: 

¶ While performing equatorial mount polar adjustment using drift method. Placing observed star in the field 

center allows the user to precisely determine the star drift. 

¶ While aligning the mount to sky, displayed cross enables precise centering of the star in the field of view. 

Altering images 
Although SIPS is not intended for artwork image creation and thus does not support image editing functions like brushes, 

pens etc., it provides some very basic editing functions. Both are related to selection areas used also for clipboard 

operations. 
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The selected image area can be filled with specified pixel value using the  tool. The dialog for choosing the 

desired pixel value is opened prior to fill operation: 

   

The crop tool  allows cutting-off image borders outside the selected portion of the image. 

Using the Clipboard 
SIPS supports basic image manipulation using Windows clipboard. Any portion of the image can be selected by pressing 

the left mouse button and dragging the mouse. The highlighted rectangle appears on the image.

 

Hint: 

If the pixel pop-up window is displayed, it changes its contents when selecting the image. The currently selected 

area position and size is displayed instead of current cursor coordinates and pixel value. 

It is not necessary to select the region by single mouse drag. If some region is selected, it is possible to scroll the 

image and again position the mouse cursor over the corner of the selection region (not necessarily the same corner 

used for dragging wheƴ ǘƘŜ ǊŜƎƛƻƴ ǿŀǎ ǎŜƭŜŎǘŜŘύΦ aƻǳǎŜ ŎǳǊǎƻǊ ǇƻƛƴǘŜǊ ŎƘŀƴƎŜǎ ǎƘŀǇŜ ǘƻ άŀǊǊƻǿ ǇƻƛƴǘƛƴƎ ǘƻ ǘƘŜ 

ŎƻǊƴŜǊέ ǘƻ ƛƴŘƛŎŀǘŜ ǇǊŜǎǎƛƴƎ ƭŜŦǘ ƳƻǳǎŜ ōǳǘǘƻƴ ŀƴŘ ŘǊŀƎƎƛƴƎ ŎƘŀƴƎŜǎ ǘƘŜ ǎŜƭŜŎǘŜŘ ǊŜƎƛƻƴ ǎƛȊŜΦ 

The whole image can be also selected by pressing <Ctrl>+<A> keys. Image selection can be canceled by clicking anywhere 

into the image. 

Once the image portion is selected, it can be copied to clipboard using the  tool or by pressing the <Ctrl>+<C>. 

There is also a possibility to cut the portion from the image into clipboard using the  tool or by pressing the 

<Ctrl>+<X>. Pixels in the selected area are then filled with the value 0. 

If the clipboard contains a portion of FITS image, it is possible to paste it into existing image using the  tool or 

by pressing the <Ctrl>+<V>. However, the target image is not immediately altered after the paste operation. The pasted 

portion, surrounded by the dashed line, is displayed floating above the target image instead. It is then possible to move 

the portion by mouse or by cursor keys (cursor keys move the portion by one pixel, holding the <Ctrl> key speeds the 

movement to 8 pixels per cursor key press). 
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Actual pasting (copying pixels into target image) is performed upon the <Enter> key press. Until pressing the <Enter> 

key the operation can be canceled by pressing <Esc> key. 

Clipboard operations can also be used to create new images. New empty image can be created by  tool in 

the File ribbon or by pressing <Ctrl>+<N>. A dialog box appears: 

 

It is possible to choose new image dimensions, pixel data type and whether it should be monochrome or color (RGB). 

Hint: 

This dialog box always checks if there is some FITS image copied to the clipboard. If yes, it offers dimensions (Width 

and Depth) corresponding to this image size. That means if a new image is created after the desired image portion 

is copied into clipboard, it is not necessary to define its size. 

Pressing <Ctrl>+<V> or licking the  tool then places clipboard content above the newly created empty image 

and following press of the <Enter> key actually copies pasted pixels to newly created image. 

It is possible to paste monochrome images into monochrome ones and color images into color ones, of course. It is also 

possible to paste monochrome image into color oneτmonochrome pixels are then copied into all three (RGB) color 

planes and appears gray in the resulting image. But it is not possible to paste color image info monochrome one. 

Image transformation 
As opposed to display-related settings (image stretch, zoom, color palette), transformations are performed directly on 

the pixel matrices, they affect the information stored in images. Transformation commands are available in the 

Transform ribbon. 
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Right-angle rotation 
Basic image rotation by a multiply of 90ϲ (90ϲ right and left and 180ϲύ ƻƴƭȅ ǊŜ-arranges pixels. This means the information 

contained in image is not altered, it only changes shape. Astrometric of photometric reduction of images transformed 

this way is not altered at all. 

Such transformation can be applied for instance to compensate for camera mounted rotated or to get the same axis 

orientation after the tube swap when the German equatorial mount crosses meridian (180ϲ Ǌƻǘŀǘƛƻƴύ ŜǘŎΦ 

Mirroring (flipping) 
Mirroring, like right-angle rotation, also do not alter image pixels at all, only arrange them differently. Mirroring can be 

applied e.g. when some optical element flips image (zenith mirror or prism). 

Arbitrary angle rotation 
Image rotation by arbitrary angle (not a multiply of 90ϲύ ƛǎ ƘŀƴŘƭŜŘ ŘƛŦŦŜǊŜƴǘƭȅΣ ōŜŎŀǳǎŜ general rotation inevitably 

updates pixel values (rotation must work with sub-pixel precision). Still, the transformation is designed to preserve all 

important image features (e.g. total flux of individual stars) as close to original as possible. 

Soft binning 
Soft binning shrinks the image by adding or averaging neighboring pixels. Scales in both axes can be defined 

independently. Soft binning can be used e.g. when the used camera does not support binning in hardware. But even if 

the driver supports binning in camera, it can be very useful even when the used camera allows hardware binning, but it 

is desired to maintain as high dynamic range of the binned image as possible. 

The Binning method combo-box allows to select how pixels are binned: 

¶ Sum binned pixels into 32-bit resulting image. 

¶ Sum pixels but keep the current image dynamic range (16-bit or 32-bit). 

¶ Average pixels. Averaging always keeps the current image dynamic range (16-bit or 32-bit). 

The traditional meaning of pixel binning implies adding of binned pixels. This originated in CCD sensors, where pixel 

charges were literally poured together within the sensor horizontal register and/or the output node. 

For CMOS sensors with full 16-bit dynamic resolution, the negative side of binning is limiting of the sensor dynamic 

ǊŀƴƎŜΣ ŀǎ ŦƻǊ ƛƴǎǘŀƴŎŜ ƻƴƭȅ ѻ ƻŦ ƳŀȄƛƳǳƳ ŎƘŀǊƎŜ ƛƴ ŜŀŎƘ ƻŦ ǘƘŜ нҎн ōƛƴƴŜŘ ǇƛȄŜƭǎ ƭŜŀŘǎ ǘƻ ǎŀǘǳǊŀǘƛƻƴ ƻŦ ǊŜǎǳƭǘƛƴƎ ǇƛȄŜƭΦ 

CCDs eliminate this effect to some extent by increasing of the charge capacity of the output node and also by decreasing 

of the conversion factor in binned modes. But such possibilities are not available on CMOS detectors. 

Remark: 

CMOS sensors with less than 16-bit precision often just add binned pixels to fulfil the available resolution of 16-bit 

pixels. For instance, camera with 12-bit dynamic range can sum up to 4Ҏ4 pixels and still the resulting binned pixels 

will not overflow the 16-bit range. 

In theory, the resulting S/N ratio of binned pixel remains the same regardless of if we add or average them. Let us take 

for example 2Ҏн ōƛƴƴƛƴƎΥ 

¶ If we add 4 pixels, signal increases 4-times and noise increase 2-timesτthree additive operations increase noise 

by  Ѝς Ѝς . Resulting S/N increases 2 times, but only until the sum of all pixels is lower than the pixel 

capacity. 

¶ If we average 4 pixels, signal remains the same, ōǳǘ ǘƘŜ ƴƻƛǎŜ ƛǎ ƭƻǿŜǊŜŘ ǘƻ ѹ ŀǎ ƴƻƛǎŜ ƛǎ ŀƭǎƻ ŀǾŜǊŀƎŜŘ  

Ѝ Ѝ
. Resulting S/N also increases 2 times, but only until the noise decreases to lowest possible 1-bit of 

dynamic range. 

Until the camera read noise is above 2 ADU, halving it in 2Ҏн ōƛƴƴƛƴƎ ƳƻŘŜ ǎǘƛƭƭ ƪŜŜǇǎ ǘƘŜ ǊŜŀŘ ƴƻƛǎŜ ŀōƻǾŜ ǘƘŜ ƭƻǿŜǊ м-

bit limit and at the same time binned pixel will not saturate. For higher binning modes, the noise approaches lower limit, 

but averaging pixels still protects from pixel saturation, which is more important than possible S/N limitations caused 

by underflow of read noise. 
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If we consider that the image background noise is only rarely defined by the read noise of the sensor, as the noise caused 

by background sky glow is typically much higher, for 16-bit camera averaging pixels is the better way to bin pixels 

compared to just adding them. 

The software binning brings one more possibility to bin pixelsτadds pixels, but at the same time converting the resulting 

image from 16-bit to 32-bit dynamic range. This means S/N of the binned images always increases, pixels never saturate 

and read noise newer approaches lower limit. The negative side of this option is two-time bigger images. 

Saturated pixels within bright stars are no issue for aesthetic astro-photography, but photometry measurement is 

invalid if any pixel within the measured object reaches maximum value, because it is not possible to determine the 

amount of lost flux. Software performing photometry (e.g. the SIPS Photometry tool) should detect saturation value 

and invalidate entire photometric point not to introduce errors. 

But binning efficiently obliterates the fact that any of the binned pixels saturated (except for all binned pixels reached 

saturation value). So, using of binning modes for research applications (photometry and astrometry) can lead to errors 

caused by lost flux in saturated pixels, which cannot be detected by processing software due to binning. 

The Keep saturated pixels checkbox causes the resulting binned pixel is set to saturation value if any of the source pixels 

is saturated. For aesthetic astro-photography, unchecking this option could result into slightly better representation of 

bright star images, but for research applications, this option should always be checked. 

Resampling (enlarging) 
Resampling scales can be set independently in both axes. SIPS implements bilinear resampling, which means pixel values 

are linearly interpolated from neighboring pixels. This method provides smoother images than simply enraging of each 

pixel, which method is used only to display zoomed images in image windows. 

Image resampling can be very useful when combining images taken through color filters with unfiltered luminance 

image. Usually, the images taken through the filters are binned, while the luminance image is acquired without binning 

to achieve maximum angular resolution. It is then necessary to resample color images to enlarge them to the same pixel 

scale as is the scale of the luminance image. 

Debayer processing 
Single-shot color cameras use special detectors with red, green and blue color filters applied directly on individual pixels. 

Every pixel receives light of particular color only (red, green or blue). But color image consists of pixels with all three 

colors specified. So, it is necessary to calculate other color from the values of neighboring pixels. 

 

Schematic diagram of color filters applied on individual pixels are displayed above. Notice there are two times more 

green pixels compared to green or blue ones. 

Remark: 

Covering pixels with such color mask and subsequent calculations of remaining colors was invented by Mr. Bayer, 

engineer working at Kodak company. This is why this color mask is called Bayer mask and the process of calculation 

of missing color is called Debayer processing. 

Commands related to Debayer processing are in the Debayer ribbon. 
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Hint: 

As most cameras used in astronomy are monochrome, often equipped with filters in a filter wheel, the Debayer 

ribbon is hidden in the default state. To show this ribbon, right-click the space with tab names above ribbons 

(providing ribbons are grouped in top container) and select the Debayer item from the pop-um menu. 

See Appendix A: SIPS user interface for details about ribbon handling. 

There are several algorithms for calculating missing color components of individual pixelsτfrom simply using of color 

from neighboring pixels (this method provides quite coarse images) to more accurate methods like bilinear or bicubic 

interpolation. There are even more sophisticated algorithms like pixel grouping etc. 

It is possible to perform Debayer processing immediately when the image is downloaded from the camera (color image 

is then immediately displayed and/or saved and no raw monochrome image is shown) or to perform this processing 

anytime later. 

¢ƘŜ .ŀȅŜǊ Ƴŀǎƪ Ŏŀƴ ōŜƎƛƴ ǿƛǘƘ ǇƛȄŜƭ ƻŦ ŀƴȅ ƻŦ ǘƘŜ ŦƻǳǊ ŎƻƭƻǊǎ όƎǊŜŜƴ ŎƻƭƻǊ ƛǎ ǳǎŜŘ ǘǿƻ ǘƛƳŜǎ ƻƴ нҎн ǇƛȄŜƭ ƳŀǘǊƛȄύΦ .ǳǘ 

there are no rules specifying the color of the first pixelτin principle there can be blue or green pixel from the blue-

green line on the upper-left corner, as well as green or red pixel from the green-red line. 

There is no way to determine the Bayer mask organization from the image. This is why the Bayer ribbon provides two 

checkboxes called Bayer mask odd in X and Bayer mask odd in Y. Combination of these checkboxes allows specification 

of Bayer mask organization on the particular sensor. 

Hint: 

State of Bayer mask odd in X and Bayer mask odd in Y checkboxes are always updated when you connect camera 

with a color sensor according to the information provided by the driver. It is necessary to update them manually 

only if the raw color image is loaded from the disk file and needs to be processed without connected camera. 

Wrong definition of these two flags results in wrong color calculation. Proper settings can be easily determined by the 

try-and-error method. But Debayer processing discards the original raw image so it is always necessary to backup the 

original raw image. 

Please note the settings of the Bayer mask odd in X and Bayer mask odd in Y check boxes must be altered when any 

geometric transformations are applied to the raw image (e.g. mirroring, right-angle rotation, etc.). Some 

transformations (e.g. soft binning, resampling, arbitrary rotation) cannot be performed on raw images at all. It is always 

better to Debayer images first and process them later. 

Also note that stacking raw color images results in loss of color information. Stacking algorithms align images regardless 

of if the particular pixel is red, green or blue. SIPS stacking is always sub-pixel, which can mix pixels of different colors. 

Images must be Debayer processed first and then stacked. 

SIPS supports simple bilinear and complex multi-pass methods of Debayer processing. Refer to Advanced reconstruction 

of color information of single-shot-color cameras chapter for detailed description. 
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SIPS Image Lists 

As already stated in the introduction to SIPS, image list contains references to images. The primary purpose of 

introducing image lists is to enable easy manipulation of multiple images at once. Instead of performing an operation 

on all images saved in specified folder and/or on all images saved under certain name, operations on multiple images 

are performed on lists in SIPS. 

Every image existing within SIPS has a reference counter. This counter is incremented when the particular image is 

displayed or when the image is inserted into list. If the image window or image list is closed, reference counter of 

image(s) is decremented, and the image is destroyed only if the reference counter reaches zero. If the user for instance 

closes image window with unsaved image and the same image is also part of some image list, nothing happensτonly 

image reference counter is decremented, SIPS still keeps the particular image in memory. Double-clicking the image in 

the list opens image window (and increments image reference counter again). 

New list can be created by pressing the  button in the File ribbon or by pressing the <Ctrl>+<L> keys. Single 

list can be closed as any other window, all opened lists can be closed by clicking the  button. 

Image lists are always displayed as list windows in SIPS. The window contains tools to add and remove images, but the 

main part of the image list window displays list of images. If an image is visible (opened in some window), its name is 

preceded by small icon of window. Double-clicking the image name in the list box shows the image (opens image 

window). If the image is already opened, it pops above other image/image list windows. 

 

Handling list contents 
Every list window offers several tools to manipulate its contents: 

Add images from disk 

 Standard open dialog appears and allows choosing files to be added to this list. 

Hint: 

It is possible to open multiple images at once. Simply select multiple images in open dialog box. All rules for multiple 

file selection valid for Windows Explorer applies here. 
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It is also possible to drag file or multiple files from Windows Explorer and drop them on the Image List window. In 

such case, images will not be opened either into individual windows or into tabbed panes, like in the case files are 

dropped on the SIPS workspace, but will be inserted into particular image list. 

Add already opened images 

 If image is already opened (be it in image window or in another list), it can be added using this tool. A list of all 
opened images appears: 

 

This dialog box allows selecting (and thus adding to image list) of multiple images at once. 

Various image processing tasks often require list of images of the same exposure time (e.g. Calibration) and/or images 

taken through the same filter (e.g. Photometry). This is why the opened image pick list dialog box scans all images for 

exposure time and filter used for exposure and if there are images, differing in these parameters, selection of the sub-

list taken with the same exposure time or through the same filter is offered: 
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If the already opened images differ in both exposure time and filter, the pick list dialog box offers selection of both 

parameters. Still, selection can be done according to either filter or exposure or filter and exposure time. If the particular 

parameter should be ignored, then just choose the <ignore> option in the respective combo-box: 

   

Remove selected image(s) from the list 

 Currently selected image or images are removed from the list. Please note the list window list-box allows multiple 

items to be selected; all selected images are removed by this tool. If some of the selected images are modified (unsaved), 

user is prompted to confirm discarding of changes. 

Empty the list (remove all images) 

 All images are removed from the list. If there modified (unsaved) images in the list, users are prompted to confirm 

discarding of changes. 

Save all modified images 

 If the list contains any unsaved (modified) images, this command saves them to disk. If there are images in the list 

not yet saved yet (there is not file name assigned), the Save As file dialog box appears asking to choose the folder and 

file name for the particular image. 

Save all images under different names 

 Because list contains multiple images, SIPS opens dialog box, which allows choosing of the core file name and folder, 

where all images should be saved. 



 

40 
 

 

The dialog box also allows automatic creation of more complex names, created from the core name extended with: 

¶ Date and time: date and time of the image exposure is converted to text and appended to the core name. 

Flat_2021-01-10_20-32-19.fits 

This option is used only if the particular image contains information about exposure time. 

¶ Filter: name of the filter used to take the exposure. 

Flat_Luminance.fits 

This option is used only if the particular image contains information about filter used. 

¶ Ordinal number: the index of the image in the list. The first index can be defined in the count box. 

Flat_0000.fits 

This option can be always used. It is recommended to append ordinal number, especially when the last option 

Overwrite existing files if checked. If for instance multiple images are captured within the same second 

(planetary images taken with short exposure is an example), they cannot be distinguished by the date and time, 

because the time is the same. Ordinal number ensures unique file name for every image. 

¶ Overwrite existing files checkbox causes overwriting of files without questions if the newly created file name 

corresponds to already existing file on the selected folder. 

¶ Image format allows choosing if the images in list should be saved as FITS files (the default value) or exported 

into some common file formatτPNG, PNG16, JPEG, BMP, TIFF or TIFF16. 

The behavior varies according to selected format: 

o FITS just saves a copy of each image, including all headers. No information is lost in such case. 

o 8-bit image formats (PNG, JPEG, BMP, TIFF) behave exactly like single image export, which means 

current stretch, zoom and color palette are used to create 8-bit image. 

o 16-bit PNG and TIFF export again acts like single image 16-bit export, preserving the dynamic range of 

16-bit FITS images, but loosing information in FITS headers. 

Name the list 

 Image lists can be named to make identifying particular list easier. For instance, we can create two lists, one for 

dark frames and another for flat fields. Newly created image lists ǿƛƭƭ ōŜ ƴŀƳŜŘ άLƳŀƎŜ{Ŝǘ ώƻǊŘŜǊ ƴǳƳōŜǊϐέ ōȅ ŘŜŦŀǳƭǘΦ 

If we name the first list ά5ŀǊƪ ŦǊŀƳŜǎέ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ƻƴŜ άCƭŀǘ ŦƛŜƭŘǎέΣ ƛŦ ǿƻǳƭŘ ōŜ ƳǳŎƘ ŜŀǎƛŜǊ ǘƻ ŘƛǊŜŎǘ ƛƳŀƎŜ ǎŜǉǳŜƴŎŜ 

to appropriate list than to lists ƴŀƳŜŘ ŜΦƎΦ άLƳŀƎŜ{Ŝǘ ώпϐέ ŀƴŘ άLƳŀƎŜ{Ŝǘ ώрϐέΦ 

 

Having particular list named is also useful when using the  tool in the File ribbon to locate image lists. 
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Transform all images in the list 

 Individual images can be transformed immediately when downloaded from the camera (see the New Image 

Transform dialog box, opened from the Settings ribbon) or any time later using commands located in the Transform 

ribbon. But transforming every image in a list one by one is time consuming task. This is why image lists in SIPS allow 

applying of transformations to all images in the list. 

Transformations are defined in the dialog box: 

 

Checking of multiple checkboxes allows multiple transformations at once. Transformations are performed in the order 

defined by the individual controls positionτoperation controlled by the topmost check/box is performed first and 

operation controlled by the lowermost check/box is performed last. 

In-depth description of individual transformations can be found in the chapter SIPS Images, sub-chapter Image 

transformation. The only exception is the cropping operation, which is in the case of single image performed by the 

 tool located in the Edit ribbon, based on the selection frame. 

Hint: 

It is not necessary to define crop coordinates in the respective count-boxes. If there is an image from the list opened 

(not necessarily the first image in the list) and a frame is selected on the image, the x, y, w and d count boxes are 

filled with the selection frame coordinates upon the Transform all images in list dialog box opening. 
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Transformations are performed in background, and the progress bar indicates the number of images already 

transformed. Operations can be cancelled; in such case the rest of images will stay unchanged. 

Sorting images in list 
Images are stored in list in the order, in which they were added to the list. If it is desirable to reorder images, List 

windows offer two tools to sort image according to its name  or acquisition date/time . 

A list can contain named images (ones with associated path) as well as images not saved yet, marked with ordinal 

number only. If images are sorted by name, unnamed images are placed first and ordered by their number. Named 

images are then sorted below unnamed ones. 

Hint: 

By default, the size of newly created image list windows is narrower than the full length of the list window toolbar. 

So, the sorting command buttons are hidden behind the window edge. Just slightly zoom the list window to see 

these command buttons. 

{ŜƴǎƻǊ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ǳǎƛƴƎ άtƘƻǘƻƴ ¢ǊŀƴǎŦŜǊ /ǳǊǾŜέ 
Laws of physics dictate that the variations of signal acquired by a sensor (light incoming to camera from a telescope in 

our case) are proportional to the square root of signal value. This law can be used to characterize every solid-state 

detector (both CCD and CMOS) purely on a series of uniform light images (flat fields). Even if particular manufacturer 

does not publish key sensor parameters like conversion factors in e-/ADU, full well capacity in e- or absolute read noise 

in e- RMS, analyzing series of flat field images covering the sensor dynamic range and constructing so-called Photon 

Transfer Curve can reveal them. 

SIPS image list windows have a tool button , performing the sensor characterization. To work properly, the list must 

contain pairs of evenly illuminated images of the same exposure. No Dark nor Bias frames should be subtracted from 

these light images. Exposure times are arbitrary beside exposure must be the same for both images in every pair. Mean 

values of pairs should cover the whole sensor dynamic range. 

Calculation could be limited e.g. to an equally illuminated area (sub-frame). Such sub-frame can be defined using count-

box controls, or area can be framed on any image, opened from list, and the tool takes this area as sub-frame 

dimensions. 
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Calculation of Read Noise requires presence of a pair with zero exposure time (bias frames). 

Full Well Capacity is calculated correctly only if a pair of images with higher mean value (longer exposure time) is fully 

saturated. However, even if such pair is not present in the list, the maximal ADU value for saturation can be entered 

manually (4095 for 12-bit cameras, 65535 for 16-bit cameras etc.) to calculate proper Full Well capacity. 

 

Please keep on mind the sensor characteristics are calculated using statistical analysis, and thus results may slightly vary 

depending on the list of test images, their dynamic range, sub-frame selected for analysis etc. 

Image list usage in SIPS tools 
It is possible to find reference to image lists in various tools in SIPS. For instance, the Imaging camera tool, which handles 

camera control like exposure, image download, chip temperature adjustments etc., offers three ways to handle image 

downloaded from cameraτyou can open the image into new image window, same image to file and/or put image to 

specified list. 

Here are some examples of how image lists can be used: 

¶ A series of dark frame images is read from camera to image list. The master dark frame is calculated as average 

or median of this list. It is not necessary to save images to files or to display them to create average of multiple 

images. 

¶ Similarly, number of flat field images are acquired and put to another image list. Master flat field is calculated 

as median of images in the list. As with dark frames, individual images need not be saved to disk files. 

¶ Observing session begins with number of images of required target. Images are read automatically from the 

camera with defined interval. Images are saved under file names automatically generated according to 

parameters specified in the Imaging camera tool and also stored into yet another image list. The whole list 

then can be calibrated using previously created dark frame and flat field at once. 

There are also SIPS tools, containing an image list, which must be filled with images prior to performing the respective 

tool function. For instance, the Blink Images tool sequentially shows aligned images, which were added to its implicit 

list. Similarly, Combine Images tool stacks images from its list, Photometry tool calculates photometry of series of 

images added to its list etc. 
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Remark: 

Note that image lists cannot be persistent in SIPSτit is not possible to save image list to disk file and to load it later. 

The list can refer to non-persistent image (image existing only in RAM) and such list cannot be created again (loaded 

from file) if the image itself does not exist. 
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SIPS Tools 

Every SIPS tool is focused to some tasks. For instance, there is a tool for capturing images from camera, tool for image 

blinking, tool for performing image math etc. 

SIPS GUI organizes tools to two groups: 

¶ One group contains tools intended for data handling. Tools from this group are typically used when processing 

already captured images. They can be opened from the Tools ribbon. 

 
¶ Another group contains tools focused to ŘŜǾƛŎŜ ƘŀƴŘƭƛƴƎ όŎŀƳŜǊŀΣ ŦƛƭǘŜǊ ǿƘŜŜƭΣ ǘŜƭŜǎŎƻǇŜ ƳƻǳƴǘΣ ΧύΦ ¢ƘŜǎŜ 

tools can be opened from the Devices ribbon. 

 

Tool windows handling 
9ǾŜǊȅ ǘƻƻƭ ǳǎŜǎ ƛǘǎ ƻǿƴ ǘƻƻƭ ǿƛƴŘƻǿΦ ¢ƻƻƭ ǿƛƴŘƻǿǎ ŀǊŜ άŦƭƻŀǘƛƴƎέ ƻǾŜǊ {Lt{ Ƴŀƛƴ ǿƛƴŘƻǿΦ .ŜŎŀǳǎŜ ƛƳŀƎŜ ŀƴŘ ƛƳŀƎŜ list 

windows always live inside the main SIPS workspace, tool windows always float also above images and image lists. 

Buttons in the Device and Tools Ǌƛōōƻƴǎ ƻǇŜƴ ǊŜǎǇŜŎǘƛǾŜ ǘƻƻƭ ǿƛƴŘƻǿΦ wƛōōƻƴ ōǳǘǘƻƴǎ ǊŜƳŀƛƴ άǇǊŜǎǎŜŘέ ǿƘƛƭŜ the 

corresponding tool windows remain opened. Each tool window is closed by clicking the upper-right closing button 

(marked with [Ҏ]) in the window title. 

 

Especially tool windows, controlling hardware devices, perform their functions only when opened (for instance, the 

Imaging camera tool, controlling main imaging camera). Closing such tool window also stops all performed operations 

(closing the Imaging camera tool stops acquiring images, closing the Guiding camera tool stops guiding etc.). This is why 

all tool windows also have the minimizing button (marked with [ςϐύ ƛƴ ǘƘŜ ǿƛƴŘƻǿ ǘƛǘƭŜ ŜƴŀōƭŜŘΦ /ƭƛŎƪƛƴƎ ǘƘŜ άaƛƴƛƳƛȊŜέ 

button hides the tool window, but keeps it active. This is how to free the desktop space from not currently needed tool 

windows, but keep them performing their tasks. 

When the tool window is hidden (by clicking on the minimizing button), the corresponding button in the command 

Ǌƛōōƻƴ ǊŜƳŀƛƴǎ ƛƴ ǘƘŜ άǇǊŜǎǎŜŘέ ǎǘŀǘŜΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŜ ǘƻƻƭ ǿƛƴŘƻǿ ƛǎ ǎǘƛƭƭ ƻǇŜƴŜŘΣ ƻƴƭȅ ƴƻǘ ǾƛǎƛōƭŜΦ /ƭƛŎƪƛƴƎ ǘƘŜ ŀƭǊŜŀŘȅ 

pressed command button shows the tool window again. 

Clicking the already pressed ribbon button while the corresponding tool window is displayed (not minimized or hidden), 

behaves differently depending on the tool window z-position. If the tool window is not on top, clicking its ribbon button 
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moves it to the top position above all other tool windows. Once the tool window is on top in the z-order, clicking its 

ribbon button hides (minimizes) it. 

Remark: 

Here comes one important difference between SIPS v4 and previous versions. Tool windows are opened the same 

way, only previous SIPS versions organized buttons into tool-bar, not into ribbons. But previous SIPS versions did 

not allow to hide tool windows while keeping them active, it was only possible to close them. So, clicking on the 

already pressed tool-bar button was an alternative way to close a tool window. Such action either shows the hidden 

window or has no effect if the window is already visible in SIPS v4. It is necessary to click the closing button in the 

window title bar as the only way how to close it. 

The right side of both Tools and Devices ribbon contains three buttons, allowing to hide (minimize) all opened tool or 

device windows, show (restore) all opened and hidden windows and close all opened tool or device windows. 

 

SIPS remembers the open state and position of all tool windows. When you start SIPS again, it opens tools opened in 

previous session and places them in the same position. 

It is possible to start SIPS with all settings, including tool window positions and state, in the default state. It is necessary 

to specify the command line parameter /clean when launching SIPS. See the Configuration handling command line 

parameters sub-chapter in the Introduction to SIPS. 
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Data Handling Tools 

This chapter describes the group of tools intended for handling and processing images, as well as tools intended to 

provide programmatic control (scripting), remote access to SIPS etc. 

 

Histogram and Stretch defines how to transform high dynamic range images (typically 12, 14 or 16-bit precision) to 8-

bit color depth shown of computer screen. This means how images appear on screen. 

Image Info shows basic information about selected image. 

Calibrate tool can subtract dark frame and apply flat-field correction either to single image or to whole list of images. 

This tool also supports advanced calibration for dual-gain sensors. 

Image Math provides various mathematical operations on images vs. scalars, on images vs. images or on image lists etc. 

FITS Editor tool allows to view and possibly update FITS headers in the text form. 

Image Profile tool shows profiles in X and Y axes of the selected image. 

Remove Gradient tool is designed to model the image background and subtract it from the image, so the background 

is flat. 

Blink Images tool allows to repeatedly show images (possibly mutually aligned) in the tool implicit list with defined 

speed. 

Stack B/W images tool allows mutually align images in the tool implicit list and combine them to sum or median. 

Stack Color images tool allows does the same, but for color FITS images. 

Create Color image from individual red, green, blue, and possibly luminance images. 

Astrometry tool allows astrometric reduction of the image (resolving equatorial coordinates for every star or other 

object within the image). 

Photometry tool can perform complex astrometric and photometric reduction of images in the tool implicit list and 

create light curves, save photometry reports etc. This quite complex and powerful tool offers a lot of advanced features 

like searching for variable stars, photometry tasks for repeated processing and many more. 

Program Editor tool is designed to create and run scripts written in the SIPS internal scripting language SPL (SIPS 

Programming Language). 

Web Server publishes a RESTfull API for SIPS, which can be used to control SIPS from and remote client (for instance 

Python script). SIPS also contains client JavaScript application, which allows remote control of SIPS observing session 

from any web browser. 
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Histogram and Stretch 

The Histogram and Stretch tool combines two functions in SIPSτit displays histogram profile of currently selected 

image, and also allows settings of image stretching used to display images on the screen. Why are these functions 

combined? As you will see, histogram profile provides the best hint for setting of stretching limits. 

 

Histogram is a graphical representation of relative number of pixels with the same value in the image. The number of 

pixels of particular value (x-coordinate) is represented by the height of the column (y-coordinate). For instance, the 

image uniformly filled with pixels of value 100 has a very simple histogramτjust one column at the position 100. 

Number of columns in histogram should correspond to number of possible pixel values in image. But there can be up to 

65,536 different pixels in 16-bit image and 32-bit images can have every pixel different (32 bits provide 4,294,967,296 

combinations). This is why the histogram resolution is limited to 512 columns in SIPS and several pixel values are 

grouped to one column. 

The range of pixels displayed in the histogram (and in the selected image) can be defined by the Bits vertical slider. Any 

value between 12 and 32 bits can be selected. 12 bits represent 4,096 combinations, so every histogram column 

represents interval of 8-pixel values (first column shows number of pixels between 0 and 7, second column shows 

number of pixels between 8 and 15 etc.). Number of pixel values grouped into one column increases as the bit range 

increase, of course. But the limitation to 512 columns does not affect the histogram information value. 

The Histogram and Stretch tool changes its content according to currently selected image. If you select (e.g. by mouse 

click) another image, the content of this tool reflects histogram, stretch and bit range of newly selected image. 

Changes to image stretch are performed in real timeτǘƘŜǊŜ ƛǎ ƴƻ άhYέ ƻǊ ά!ǇǇƭȅέ ōǳǘǘƻƴΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ƛƴǘŜǊŀŎǘƛǾŜ ǎǘǊŜǘŎƘ 

settings, but can be somewhat demanding for computer speed especially when displaying images with tens thousand 

or even hundreds thousand pixels. 

The function of Histogram and Stretch tool is as follows: 

¶ Low count-box defines the low stretch limit. All pixels with values below this limit will appear black. This count-

box is coupled with the slider just below the histogram profile. 

¶ High count-box defines the high stretch limit. All pixels with values above this limit will appear white. This 

count-box is coupled with the slider above the histogram profile. 

¶ Bits slider limits number of bits used for histogram profile and for limits settings. 

¶ Exp/Log slider defines the profile of the stretching curve. The default is linear, but it can be exponential or 

logarithmic. 

¶ The Auto type combo-box and Auto Stretch button allows definition of stretch minimal and maximal values 

according to predefined rules. Clicking Auto Stretch button sets stretch limits of the currently selected image 

according the value selected in the Auto Scale Type combo-box. At the same time all newly acquired or opened 

images will be also stretched according to the Auto Scale Type combo-box value. 

The available rules are: 

o Full Scaleτminimal value will be 0 and maximal value 65,536 for 16-bit images and 4,294,967,296 for 

32-bit images. 

o Pixel Rangeτminimal and maximal value will be set according to the minimal and maximal pixel in 

the image. 
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o Star Fieldτminimal value will be set to the value of maximal number of pixels in the image. It is 

supposed that the black background covering maximal number of pixels. Maximal value is calculated 

as minimal value plus the standard deviation (RMS) of pixel values. 

o Galaxyτvalues are calculated similarly to Star Field, but the maximal value is 5 times the image 

standard deviation. 

o Nebulaτminimal value will be set to the value of maximal number of pixels in the image. Maximal 

value is calculated as minimal value plus the value of 95 % of all pixels in the image. 

o Keep currentτnewly downloaded image will be displayed in the same stretch values as the currently 

selected image. 

Hint: 

This feature is especially important when recording a video of some planet. It is important not to 

adjust stretch and gamma values among individual frames. The observer optimizes these values on 

single frame and then records a video with the defined stretch parameters. 

Now it is clear why the Histogram and Image Stretching is combined into one tool. The stretch low limit, representing 

image background, should be very often set to histogram peak value. It is always easier to do this if you see the 

histogram, of course. 

Image Stretching 
No astronomical picture has perfectly black background, regardless if taken under the darkest sky without Moon glows, 

not mentioning the light-polluted sky of sub-urban areas. Also, the camera itself generates some base level of counts 

ǊŜǇǊŜǎŜƴǘƛƴƎ άōƭŀŎƪέ value. Photographers using classical films know it very wellτthe image after a long exposure is not 

black and white, but rather slightly darker gray and slightly lighter gray instead. 

/ƻƴǎƛŘŜǊ ǘƘŜ ƛƳŀƎŜ ƻŦ ǘƘŜ άIƻǊǎŜ IŜŀŘέ ŀƴŘ άCƭŀƳŜέ ƴŜōǳƭŀŜ ƛƴ hǊƛƻƴ ōŜƭƻǿΦ ²ƘŜƴ ǘƘŜ срΣрор ƭŜǾŜƭǎ ƻŦ ƛƳŀƎŜ ŘȅƴŀƳƛŎ 

range are only shrunk to 256 levels of gray on the computer screen, no details are visible, only the brightest stars 

dominate the field: 

 

The corresponding setting of the stretch limits are 213 ADU for lower limit and 65,635 ADU for upper limit: 
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However, if we accordingly shrink the dynamic range of the original image, which will be transformed into 256 levels of 

gray of the screen, many more details emerge: 

 

The displayed image takes only values from 788 to 917 ADU. 

 

All original pixels below 788 are displayed black and pixels with value above 971 are white. Such aggressive stretch (only 

pixels within the range of 129 ADU are stretched to 256 levels of gray on the screen) highlight very dim details in the 

nebula, but at the same time the brightest portion of the Flame nebula is completely white, without any structure 

visible. The Histogram and Stretch tool offers a simple cure to this problemτnon-linear stretching. 
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Non-linear stretching allows to more aggressively brightening of the dim details, while the bright portion of the image 

is stretched much slower. The image above is stretched from 788 to 2074 ADU, only the transformation is not linear, 

but logarithmic.  

 

Remark: 

Note the dynamic range compression, similar to simple stretch shown here, is an inevitable part of the image 

processing leading to beautiful images of deep sky objects, showing the faint details at the very dim parts of the 

image (as for instance outer spiral arms of the galaxy) as well as in the very bright portions (for instance galaxy 

core). But such dynamic range compression is much more aggressive compared to simple non-linear stretching 

shown here. 

It is worth emphasizing, the image stretching done in Histogram and Stretch tool affect only the way FITS images are 

displayed. Altering of the stretch low and high stretch values does no modify the original 16- or 32-bit data. 

The only exception is exporting image to 8-bit formats. In this case the newly created image in the chosen common 

image format (JPEDΣ tbDΣ Χύ brightens scale corresponds to the brightness scale displayed on the computer screen (and 

not only brightness scale, but also selected color palette is used to create common 8-bit images during export. 

Histogram and Stretching of Color Images, balancing Colors 
Almost no astronomical image contains proportionally represented colors. Color intensity is affected by many factorsτ

for instance detectors are typically less sensitive to blue light and blue filters are less transparent than red filters, so the 

blue component is typically much less intensive than the red one. It is quite difficult and time consuming to compensate 

the different sensitivity by prolonging of the blue image exposures. More efficient way to balance colors is brightening 
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of less intensive colors (or darkening of more intensive colors) to achieve color-neutral appearance of white and/or gray 

colors. 

Automatic white balancing can be relatively easy on normal images, where all colors are represented approximately 

uniformly. But this is almost impossible on images of deep-space objects. For instance, consider the image of emission 

nebula, dominated by deep-red hydrogen alpha linesτany attempts to lighten green and blue color to create color-

neutral image result to totally wrong color representation. Astronomical images are usually color balanced manually. 

 

As already described in the previous chapter, image can be visually brightened by altering its stretch limits. SIPS 

Histogram and Stretch tool displays and enables altering of stretching curve limits and shape for red, green, and blue 

color individually. 
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Image Info 

The Image Info tool provides statistical information about currently selected image and pixel information of the image 

currently under mouse cursor. 

 

Image statistics provides following information: 

¶ Minimumτvalue of lowest pixel in image 

¶ Maximumτvalue of highest pixels in image 

¶ Differenceτdifference between maximal and minimal value 

¶ Meanτaverage of all pixels in image 

¶ Std. dev.τstandard deviation (RMS) of pixel values 

¶ Image typeτtype of image (OBJECT, DARK, FLAT, BIAS) 

¶ Exposureτexposure time of image in seconds 

¶ Exp. time UTτUT time of exposure begin 

¶ Exp. date UTτUT date of exposure begin 

¶ Sensor TτǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ǎŜƴǎƻǊ ƛƴ ϲ/ 

¶ Filterτname of filter used for exposure 

Pixels information provides coordinates and value of the pixel currently under mouse cursor. 

¶ X coordinateτhorizontal (x) coordinate of the mouse cursor 

¶ Y coordinateτvertical (y) coordinate of the mouse cursor 

¶ Pixel valueτvalue of the pixel currently under mouse cursor 

¶ Pixel R.A.τRight Ascension of the pixel currently under mouse cursor 

¶ Pixel Dec.τDeclination of the pixel currently under mouse cursor 

Pixel value of color images is calculated as average of red, green, and blue pixel under the mouse cursor. Values of 

individual colors are displayed in the pixel pop-up window, described in the Images within SIPS Workspace chapter. 

The Right Ascension and Declination are displayed only if the image was solved (see the Astrometry tool description). 

The displayed statistical information is calculated from the whole image if no part of the image is selected (framed). 

When a selection is active (see the SIPS Images chapter), statistical information is calculated from the selected area 

only. This can be useful for example when checking whether a star saturatesτjust select a small box around the star 

and Maximum value in the Image Infor tool shows the greatest pixel value etc. 
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Remark: 

Note that displayed image statistics is related to the currently selected image, but the pixel information is related 

to image currently under mouse cursor. This is why the names of selected image and image under mouse cursor is 

displayed in bold font in the Image Info tool. 
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Calibration 

The Calibration tool allows both simple and complex image calibration. The window contains number of controls, 

allowing both subtraction of dark frame and applying of flat field on single image or on whole image list. Proper 

calibration of images taken by dual-gain cameras, where resulting HDR image is created from low-gain and high-gain 

frames, is also supported. 

 

Image calibration explained 
Image immediately downloaded from the camera is called raw image. It is sometimes surprising how aesthetically 

unpleasant raw images are, especially when compared to fully processed images, which appear in magazines and on 

web sites. Image processing can eliminate hot or dark pixels, remove unwanted gradients, reduce noise, sharpen image, 

enhance details, compress image dynamic range etc. 

Such image processing can make images more beautiful, but it changes information contained in the image. It can be 

performed with images intended for publication, but it eliminates the possibility to gather reliable scientific data from 

the image (measure brightness, position, etc.). Still there are some image processing, which together with enhancing 

the image appearance also enhances the scientific value of raw images instead of decreasing itτimage calibration. It is 

almost necessary to perform calibration with every raw image. 

Depending on the camera, telescope (or objective lens) and object imaged, the calibration can be more or less complex. 

Some setups even do not require the calibration at all. 

Image calibration basically consists of two steps: 

¶ dark frame subtraction. 

¶ applying flat field 
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Dark frame 
Raw image is affected by thermal noise and uneven field illumination: 

 

The purpose of dark frame subtraction was already explainedτelimination (or at last reduction) of thermal noise. 

{ŜƴǎƻǊ ŘŀǊƪ ŎǳǊǊŜƴǘ ƛǎ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜǊƳŀƭ ƴƻƛǎŜ ŘƻǳōƭŜǎ ŜǾŜǊȅ с ƻǊ т ϲ/Σ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎŜƴǎƻǊ 

architecture. The charge accumulated in pixels is also proportional to exposure time (dark current is expressed in 

electrons per pixel per second at the defined temperature). To reduce image thermal noise, the dark frame subtracted 

from image should be obtained at the same temperature for the same time as is the image itself. 

Dark frame corresponding to the raw image above (left) and the result after its subtraction (right): 

  

If the dark current accumulate in pixels proportionally to the exposure time, it is possible to calculate dark frame from 

other dark frames taken with different exposures, at last in theory. However, procedures relying on this fact, created in 

the era of CCD sensors, fail with modern CMOS sensors. CMOS sensors typically keep the basic offset at predefined 

register value regardless of the exposure time and sensor temperature and any attempts to interpolate or extrapolate 

dark frames fail. Also, acquiring proper dark frame with the same exposure time and at the same sensor temperature 

like the light image always led to better results, even in the era of CCD sensors. 

Remark: 

Dependency of dark current on temperature is the reason, why cooled cameras need regulated cooling. If the 

ŎŀƳŜǊŀ ŜƭŜŎǘǊƻƴƛŎǎ Ŏŀƴ ƪŜŜǇ ǘƘŜ ǎŜƴǎƻǊ ǘŜƳǇŜǊŀǘǳǊŜ ǿƛǘƘƛƴ ŀ ŦǊŀŎǘƛƻƴ ƻŦ ϲ/Σ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ǳǎŜ ŘŀǊƪ ŦǊŀƳŜǎ ǘŀƪŜƴ 

at the same temperature as light images. 

Let us also note that taking dark frames requires closing of the mechanical shutter (so-called electronic shutter, a 

property of CMOS sensors as well as FT and IT CCD sensors, does not work for dark frames). It is necessary to cover 

the telescope aperture (if the telescope has a truss tube, covering it can be a challenging task) by the observer every 

time dark frame is to be obtained. So, the unattended robotic observation is no option for cameras without 

mechanical shutter. 
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Flat field 
Telescope field of view is often illuminated non-uniformlyτimage intensity on the borders can be lower than in the 

center because of the input aperture limitations, smaller telescope secondary mirror etc. What is more, dust particles 

on filter or camera front optical window creates ring-like shades etc. 

Also, the response to illumination can be different for different pixels in the sensor array. Uniformly glowing sky 

background then appears as more or less bright pixels. 

All these effects alter image brightness and cause not only aesthetics artifacts, but also reduces measurement precision. 

It is possible to eliminate these effects by applying flat field image. 

Flat field corresponding to the raw image above (left) and the result after flat field correction (right): 

  

Flat field image is an image of uniformly illuminated area. Thus, all image brightness variations on flat field are caused 

by telescope or camera, not by the object we image. Ideal flat field values are around one half of the image scale 

(average pixel count should be around 33,000 ADU for 16-bit cameras). 

Applying flat field means dividing every image pixel with the appropriate pixel of the flat field. Image pixels, brighter 

due to telescope or camera non uniformity, are divided by greater flat field value, also brighter due to same reasons. 

But such division changes image scale so we also multiple each pixel by flat field average pixel value. If the operation is 

performed on integer values, multiplication must of course precede division, else the precision lost during integer 

division would destroy the image. 

Remark: 

The flat fields must be obtained for the current telescope setup. It is not possible to save flat fields and reuse them 

later, for instance after we move the camera to different telescopeτdust particles pattern on the camera window 

will be different and other telescope has different field illumination etc. 

Also note that it is necessary to take flat field for every filter we use for the same reasons. 

Obtaining flat field images 
The question is how to obtain flat field images? One way of exposing flat fields is using uniformly illuminated flat surface. 

Such surface, located for instance inside of the observatory dome, must be illuminated by multiple light sources, possibly 

covered by dim glass etc. 

Image below shows an example of a flat field panel located in the observatory dome. The panel is illuminated by four 

LED sources, not shown in the image. 
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Another way of getting flat fields is to use light of the twilight or dawn sky. Especially for the narrow field of view the 

sky brightness gradient is not important. An empiric rule says the most uniform sky without gradients is approximately 

120ϲ from the direction to the Sun, already below the horizon. But there is a chance some star appears in the field of 

view, which is not allowed for the flat field. This can be eliminated by shooting multiple images while the telescope 

moves to nearby, but different field. Performing a median combination eliminates possible star images from the flat 

field. 

It is important to consider the fact, that the sky brightness changes quite rapidly during dust or dawn. This means the 

mean value of a series of flats taken on the sky differs among individual frames. This effect is more prominent with 

longer exposures and slower downloads, typical for older CCD cameras relying on mechanical shutter to perform 

exposures. Modern CMOS cameras allow for very short exposures and very fast downloads, so the flat field series is 

acquired much faster. Still, the differences among mean values can eliminate the effect of median combination used to 

create master-flat image, a result of median combination would be virtually equal to the image taken in the middle of 

the series as its pixels are in the middle of the brightness scale.  

Consider the histogram of the first flat image taken during dusk, compared to the histogram of the image taken in the 

middle of the series and the last flat image. 
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The first flat mean value is about 38,000 ADU, while the mean value of the last flat frame, exposed literally seconds 

later, is only around 29,000 ADU. So, when median-combining the master flat image, it is very important to level the 

mean values of individual frames first. 

Flat fields are images like normal light images, so do not forget to calibrate them using corresponding dark frames prior 

to processing them into a master-flat image! 

Creation of Calibration Images 
It is generally useful to create calibration images (dark frame and flat field) as a combination of multiple images. 

Combining of multiple images eliminates (or at last reduces) unwanted artifacts like cosmic ray traces etc. It is desired 

to combine images taken with the same exposure time, at the same sensor temperature. Also binning, read mode and 

other parameters affecting exposure must correspond to object image. 

The question is which kind of combination should be used? Three possibilities appear: 

¶ Mean 

Mean of multiple images eliminates the random noise. But random artifacts, e.g., the cosmic ray trace, affects 

the result and introduces the error. 

¶ Median 

Median operation sorts corresponding pixels of all images and picks the one, which lies in the middle of the 

sorted vector. This means random extremes do not affect the median (if the particular pixel on some image is 

the brightest one, it is on the top of the pixel vector and it is not important how bright it really is). 

But median lacks the advantage of averagingτimagine altering lower and higher values. Average will be in the 

middle of these values, but median will be either the lower or the higher value. 

¶ Mean of Median Half 

This operation combines the positive features of both mean and median. Corresponding pixels on individual 

images (pixels with the same coordinates) are sorted. The first quarter and the last quarter of the sorted vector 

is omitted, which eliminates random extreme values. The resulting pixel value is calculated as an average of 

the middle half of the sorted vector. 

Averaging somewhat eliminates random noise on the one side, but the average is not affected by extremes 

(random artifacts, e.g. the cosmic ray trace). 

Which method should be used for creation of which kind of calibration images? Simple mean is the best choice if you 

have very small number of imagesτfor instance just two or three. 

Using the Median of Median Half is probably the best choice for relatively small image sets of about 10 or 20 images. It 

eliminates extreme values caused for instance by radiation events, and somewhat eliminates random read errors. 

Simple Median works perfectly on large image sets, like 30 and more images. For such sets Median combination is 

virtually indistinguishable from Average of Median Half. Effect of Median versus Average is demonstrated on the 

following three images. 

Single frame dark frame (left), average of all 3 frames (middle), median of these 3 frames (right): 
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The left-most image above shows a typical radiation event trace on a single dark frame exposure. The image in the 

middle is a mean of 40 dark frames. Although the radiation event trace is dimmed by the averaging, it is still clearly 

visible. Notice the false hot pixel on the averaged imageτa relic of another radiation event on another frame used for 

averaging. The median-combined dark frame on the fight perfectly represents the sensor noise pattern without any 

random effect. 

Dark frame subtraction in SIPS 
The first text-box contains controls allowing dark frame subtraction. The text-box title Subtract Dark Frame itself is a 

checkbox, which allows switching dark frame subtraction on and off. 

The dark frame can be selected from the Dark Frame image combo-box. Note this combo-box contains all currently 

opened images (displayed in image windows and present in image lists). 

Although the Image Math and Filters tool can be used to create median or average of multiple images, the Calibration 

tool provides direct way to perform these operationsτjust click the Create button. The following dialog box appears: 

 

Select image list and create new image as mean (average), median or mean of median half of all images in the list. 

Level image mean values check box only affects median combination. If this option is checked, every image is multiplied 

by a number to ensure a mean value of all combined images is the same. 

It is recommended to keep this option checked when we create master flat field image else the different mean value of 

individual images can affect the median computation. On the other side, this option should remain un-checked when 

creating master dark frame. 

Flat field correction in SIPS 
The second text-box contains controls allowing applying of flat field. The text-box title Flat Field Correction itself is a 

checkbox, which allows switching on and off. 

SIPS offers two ways of flat field corrections: 

¶ With an actual master-flat field image 

¶ With an artificial flat-field image, calculated as median of a box surrounding each pixel 

The method is selected by two radio-buttons, acting also as labels for controls related to particular method. 
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Using master-flat image 
The flat field image can be selected from the Use Flat Field combo-box. Note this combo-box contains all opened images 

(displayed in image windows and present in image sets). Also, the flat field image can be instantaneously created the 

same way like the dark frame image from multiple images in the list as an average or median (using the Create button 

to the right of the flat frame selection combo-box). 

Using artificial (box median) master-flat image 
If the flat field is not available and still the light images are strongly affected by uneven illumination, and artificial flat 

field can be created for every image. Such artificial flat field is created using median filter on a box of pixels surrounding 

every pixel in the image. 

Remark: 

Note the median filter used to create artificial flat field is different from median combination used to create master 

dark or master flat images from a list of individual exposures. In this case the median is not calculated from 

corresponding pixels on multiple images, but from a box of pixels, surrounding every pixel of image. 

Median of a box of pixels represents a value in the middle of a series of pixels, belonging to the box, sorted by their 

values. It is supposed that most pixels in every box contains background. Only a minority of pixels contain stars and the 

median operation eliminates these pixels. 

The box size for median calculation is a parameter entered in the Radius parameter. It is also possible to add a constant 

Offset to every pixel. 

Note the same operation (calculation a median from a box of pixels) is available in the Image Math and Filters tool. It is 

recommended to use this tool to visualize the result of this operation to choose the best value for the Radius parameter. 

Also note the median filter calculation if time-demanding operation. Using a fast PC with many processor cores 

significantly speeds up the calibration. 

A note about (not) using Bias images for calibration 
First, let us emphasize that the still occasionally used method of dark frame calibration, including subtracting of bias 

frames from both dark and light images, and only then subtracting of results, cannot be used with CMOS sensors, as 

ǘƘŜǎŜ ǎŜƴǎƻǊǎ ŀŎǘƛǾŜƭȅ ŀŘƧǳǎǘ ǘƘŜ άȊŜǊƻέ ƻŦŦǎŜǘ ǘƻ ƪŜŜǇ ƛǘ ƻƴ ǇǊŜŘŜŦƛƴŜŘ ǾŀƭǳŜǎΦ 

Remark: 

This is also the reason why the methods used to measure the dark current of CCD sensors fail if applied to CMOS 

sensors, producing nonsense values. 

5ƛǾƛŘƛƴƎ ǘƘŜ ŘŀǊƪ ŦǊŀƳŜ ƛƴǘƻ άōƛŀǎέ ŀƴŘ άŘŀǊƪτōƛŀǎέ ŦǊŀƳŜǎ ǿŀǎ ǎƻƳŜǘƛƳŜǎ ǳǎŜŘ ǘƻ ŜƴŀōƭŜ ǎŎŀƭƛƴƎ ƻŦ ǘƘŜ άŘŀǊƪτōƛŀǎέ 

frame with exposure time. However, this method is only approximation as the dark current is influenced also by other 

factors than the reported sensor temperature, like the actual cooling performance, environment temperature affecting 

temperature gradients etc. 

So, using biases during calibration in fact replaces the very simple operation: 

            Calibrated = RawτDark 

With much more complex operation: 

            Calibrated = (Raw - Bias) - (Dark - Bias)  
= Raw - Bias - Dark + Bias 
= Raw - Dark 

With exactly the same results. 

Also, very important fact is that every additive operation increases the noise by square root of sum of squares of noise 

of both values. 

„ „ „  
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If both frames have the same noise, adding or subtracting them increases the noise by square root of two or approx. 

1.41-times. So, naturally, the lowest number of such additive operations are used during calibration process the better. 

The best way to perform dark frame calibration is to capture the set of dark frames at the same sensor temperature 

(ideally also at the same environment temperature) and with the same exposure time as the light frames and then to 

median-combine them into a master dark frame. The resulting master dark, is then subtracted from every light image 

with single additive operation. Both light image and master dark frame includes bias and the dark frame subtraction 

removes it from the light image together with the dark current. Leave bias frames for sensor performance evaluation 

etc., but completely avoid them during calibration process. 

Remark: 

The same procedure should be applied when capturing flat fields. It is recommended to capture a set of dark frames, 

corresponding to a flat frame exposure time and at the same sensor temperature and then to median-combine 

them. Resulting master dark frame for flats should be subtracted from each flat image prior me median-combining 

them to master flat frame. 

Naturally, the read mode used for respective flat field frames must be also used to capture also the corresponding dark 

frames. 

Calibration of dual-gain camera images 
This chapter concerns calibration of images acquired with CMOS sensors employing 12-bit ADCs (Analog to Digital 

Converters) only, but using two sets of ADCs inside the sensor, each capable to digitize the image with different gainτ

one set of ADCs uses low-gain channel, while the second set uses high-gain channel (for instance the GSENSE4040 

sensors, used in the C4-16000 cameras). Both 12-bit outputs are read in parallel for every exposure and can be combined 

into single image with true 16-bit dynamic range (such combined image is often called 16-bit HDR for High Dynamic 

Range). 

16-bit HDR images, created from two 12-bit ones, are virtually indistinguishable from the true 16-bit ones. Differences 

between HDR combined image and true 16-bit image in both visual appearance (appreciated in aesthetic astro-

photography) and information contents (important for research application) are beyond divergences caused by other 

sources. 

But the fact, that every pixel of the resulting 16-bit HDR image originates either from high-gain frame or is a transformed 

low-gain frame pixel, poses a problem for proper image calibration. ¢ƘŜ ƴŀƠǾŜ ŀǇǇǊƻŀŎƘτjust taking 16-bit HDR dark 

and 16-bit HDR flat and applying the to 16-bit HDR light imageτƛǎ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ŦƭŀǿŜŘΦ Lƴ ŦŀŎǘΣ ǎǳŎƘ άŎŀƭƛōǊŀǘƛƻƴέ Ŏŀƴ 

do more harm than good for image quality. 

But let us start with a brief introduction of an algorithm used to combine low-gain and high-gain images into HDR one. 

HDR image construction 
Algorithm used to create a 16-bit HDR image is quite straightforward. The following steps are performed for every pixel: 

1. If the high-gain image pixel is less or equal to a defined threshold, the high-gain pixel is moved to resulting 

image without any changes. The corresponding low-gain image pixel is not used, as the high-gain one has much 

better S/N ratio. 

2. Else the high-gain image pixel is above the threshold, the low-gain image pixel is transformed to correspond 

to the high-gain image gain and offset and then it is put into resulting image. Transformation enlarges the low-

gain pixel value from the 0 to 4095 range to full 0 to 65535 range. The corresponding high-gain image pixel is 

not used. 

The algorithm written in pseudo-code would be: 

for  x = 0 to  ImageWidth -  1 do 
  for  y = 0 to  ImageDepth -  1 do 
    if  HiGainImage[ x, y ] <= Threshold then  
      ResultImage[ x, y ] = HiGainImage[ x, y ];  
    else  
      ResultImage[ x, y ] = Transform( LoGainImage[ x, y ] );  
   end_if ;  
  end_for ;  
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end_for ;  

The value of Threshold is arbitrary set somewhere close to the upper limit of the 12-bit image dynamic range. For 

instance, the C4-16000 drivers use Threshold equal to 3600. This sufficiently uses the perfectly linear portion of the 

high-gain image dynamic range. Values close to saturation signal, and thus slightly diverging from linear response curve, 

are cut off. 

The Transform function coefficients slightly vary among individual sensors. The differences are rather minor, but every 

C4-16000 camera undergoes individual calibration and coefficients are stored into camera permanent memory. Driver 

performing the HDR combination reads these values from connected camera and uses them to perform HDR 

combination. 

Advanced Calibration 
The default 16-bit HDR read mode of the C4-16000 camera may lead some users to use this camera as any other camera 

with proper 16-bit conversion. Unfortunately, the fact that the 16-bit HDR image is combined from two independently 

digitized frames, causes ǎǳŎƘ ƴŀƠǾŜ ŀǇǇǊƻŀŎƘ Ŏŀƴƴƻǘ ōŜ ǳǎŜŘ ŀƭǎƻ ŦƻǊ ǘƘŜ ƛƳŀƎŜ ŎŀƭƛōǊŀǘƛƻƴΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ŎƻƴǎƛŘŜǊ ǘƘƛǎΥ 

¶ The dark frame signal is generated by dark current only, which is quite low (remember, the C4-16000 camera 

uses sensor cooling to significantly lower dark current). So, the dark frame pixels almost never cross the 3600 

ADU threshold point. The result is that the 16-bit HDR dark frames virtually contain high-gain frame pixels only. 

But if the light image exceeds the 3600 ADU threshold, its pixels are transformed low-gain frame pixels. When 

subtracting 16-bit HDR dark frame from 16-bit HDR light image of some bright object, we in fact subtract high-

gain dark frame from the transformed low-gain image pixels with entirely different dark current, different hot 

pixels etc. 

¶ The common practice is to make flat fields reaching approximately a half of the sensor dynamic range, which 

is somewhere between 30000 and 35000 ADU for 16-bit image. All pixels of such 16-bit HDR flat field image 

are then transformed low-gain pixels, but typical astronomical image often contains many dim portions, 

remaining below the 3600 ADU threshold and thus taken from high-gain frame. Then we apply flat field created 

from low-gain frame to image containing majority of high-gain pixels with different response to light etc. 

Remark: 

The fact, that the GSENSE4040 sensor consists of four quadrants, differing in bias value, dark current and response 

to light, makes the proper calibration crucially important to eliminate these differences. 

Solution to the above-mentioned problems in calibration is rather simple in principleτit is necessary to use dark and 

flat field frames taken through high-gain channel when the light image pixels is below threshold and similarly, dark, and 

flat field frames taken through low-gain channel, but transformed the same way like the light image pixel in the process 

of creating 16-bit HDR image, if its value is above the threshold. 

So, no dark frame nor flat field frame could be HDR combined (16-bit). It is necessary to create two master dark 

frames: 

¶ The first master dark frame is acquired through high-gain channel. This dark frame will be used when the 16-

bit HDR raw image pixels does not reach the threshold value. 

¶ The second master dark frame is read using low-gain channel, but transformed the same way like the low-gain 

channel is transformed during HDR combination. This is why the C4-16000 camera driver offers read mode 

No.4τ16-bit transformed Low-Gain. This dark frame will be used when the 16-bit HDR raw image pixels value 

exceeds the threshold value. 

Also, two master flat field frames are necessary: 

¶ The first master flat field frame is acquired through high-gain channel. 

¶ The second master flat dark frame is read using 16-bit transformed Low-Gain read mode. 

Remark: 

The 16-bit transformed Low-Gain read mode is marked simply as [ƻDŀƛƴ άмсōέ by the camera driver for space 

reasons. In fact, this is 12-bit Low-Gain mode, but all pixels are transformed to 16-bit dynamic range the same way 

like the Low-Gain channel is transformed in HDR image combination when the High-Gain pixel exceeds the 
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Threshold limit. But in this case, there is no threshold limit and no High-Gain pixels are used, all Low-Gain pixels are 

used and transformed to create this image. 

Dual-gain image calibration 
SIPS calibration tool is capable to perform dual-dark and dual-flat calibration.  

High-Gain master dark frame 
The camera should be switched to HiGain 12b read mode. Capture a set of dark frames of the same exposure time like 

the light images. Take care to: 

¶ If multiple exposure times are used for light images, multiple dark frame sets should be captured, one set for 

each used exposure time. 

¶ Ideally, the environment temperature should be the same or at last similar to the environment temperature 

during imaging due to temperature gradients affecting the actual sensor temperature. 

¶ Leave the temperature to settle for 5 or 10 minutes prior to capturing dark frames, do not start immediately 

when the camera indicates the target temperature was reached. 

¶ Do not capture dark frames immediately after flat of light frames. The GSENSE4040 sensor used in C4-16000 

suffers from Residual Bulk Image effect. Let the sensor several tens of minutes to dissipate RBI before you 

capture dark frames. 

Individual frames should be median combined into master dark frame. Using median combination eliminates radiation 

spikes and other artifacts in master dark image. 

If using SIPS Math and Filters to perform median combination, uncheck the Level mean values of all images checkbox. 

This option is included to compensate different mean values of individual frames e.g. when taking flat fields on sky 

during twilight or dawn, when the sky brightens changes among exposures. 

Low-Gain 16b master dark frame 
The camera should be switched to [ƻDŀƛƴ άмсōέ read mode. As opposed to LoGain 12b mode, the 16-bit variant 

performs the HDR transformation with every pixel of the image, expanding the 12-bit dynamic range to 16-bits. Beside 

the read mode, the procedure is the same like in the case of High-Gain master dark frame. 

High-Gain master flat field 
Capture a set flat field image with a camera using HiGain 12b read mode. Corresponding dark frames, used to create 

master dark frame for this flat, should be captured in the same read mode. 

If the flat field images are captured on the sky and a master flat field median combination is performed using SIPS Math 

and Filters, check the Level mean values of all images checkbox. This option compensates different mean values of 

individual frames, caused by changing sky brightens among exposures. 

As the used read mode is 12-bit, so the mean value of acquired frames should be between 2000 and 2500 ADU. 

Low-Gain 16b master flat field 
As in the case of Low-Gain 16-bit master dark frames, the camera should be switched to [ƻDŀƛƴ άмсōέ read mode, which 

is of course true also for corresponding dark frames. 

While the low-gain frame is also 12-bit only, the used [ƻDŀƛƴ άмсōέ read mode transforms every pixel into 16-bit 

dynamic range. So, the mean value of acquired frames should be around 33000 ADU. 

SIPS Calibration tool 
When all 4 calibration frames are ready, calibration of any 16-bit HDR raw image or image set can be performed using 

the SIPS Calibration tool. 
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Warning: 

The calibration of dual-gain cameras should always be performed at once. When calibrating single-gain raw images, 

regardless if 12 or 16-bit deep, it is possible to subtract dark frame from raw images and to apply flat field to these 

intermediate images anytime later. 

But as described above, the advanced calibration of dual-gain camera depends on testing of the threshold. But 

subtracting of the dark frame always lowers the pixel values. So, even pixels created by transformation of the low-

gain ones during HDR combination, may be below the threshold value after dark frame subtraction. This would lead 

to using of high-gain flat field instead of transformed low-gain one. 

So, if both dark frame and flat field calibration are to be performed on 16-bit HDR raw frames, always perform the 

calibration in one step. SIPS calibration code handles this situation correctly. 

To perform advanced calibration, simply check respective checkboxes Use 2 (Hi/Lo-gain) Darks and Use 2 (Hi/Lo-gain) 

Flats. Then select respective calibration frames and choose other options in the SIPS Calibration tool the same way like 

in the case of standard calibration. 

Example calibration frames 
The sample calibration frames, showed below, clearly demonstrate differences in individual quadrants of the 

GSENSE4040 sensor. 
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The image above shows an example high gain (left) and low-gain(right) dark frames. 

 

Similarly, the high gain (left) and low-gain(right) flat field frames are shown. 

The raw and calibrated image example blow are only cropped section around image center of real series of 45s long 

exposures of a star field. 

 

Single highly stretched 16-bit HDR raw image shows non-uniform response of GSENSE4040 sensor. 
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Single highly stretched 16-bit HDR image, calibrated using the SIPS Advanced Calibration tool with four calibration 

frames, virtually eliminates any traces of the GSENSE4040 non-uniformity. 
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Image Math and Filters 

The Image Math and Filters tool provides various mathematical operations on images vs. scalars, on images vs. images 

or on image lists etc. 

 

The Image Math window offers image operations on the left-side tree and operation parameters on the right-side pane. 

Individual operations are divided into categories according to number and type of operands: 

¶  Operations performed on whole image list: 

o Mean of listτall images in one set are averaged. 

o Median of listτcorresponding pixels on individual images (pixels with the same coordinates) are 

sorted and the pixel value in the middle of the sorted vector is selected to create resulting image. 

Median (as well as Mean of Median Half) operation offers leveling of average values of all images 

as option. Because median is calculated as middle value of sorted pixel values, leveling the mean 

value of all images is very important. If for instance images differ only in the bias level, median 

computation is negatively affected by the bias. 

o Mean of Median Half of listτcorresponding pixels on individual images (pixels with the same 

coordinates) are sorted. The first quarter and the last quarter of the sorted vector is omitted and the 

resulting pixel value is calculated as an average of the middle half of the sorted vector. 

This operation combines positive features of both Average and Median operations. It somewhat 

eliminates random noise by averaging of multiple samples. But the average is not affected by 

extremes (random artifacts, e.g. the cosmic ray trace) like the median. 

o Sum of listτall images in one set are added. 

These operations are performed on pixel-to-pixel basic, without any image alignment. They are 

appropriate e.g. for creation of dark frames of flat field images, not for stacking of multiple object 

exposures. Use the Combine Monochrome Images Tool to stack object exposures with sub-pixel 

alignment. 

¶  Operations between image and scalar value: 

o Addτadd a number to every image pixel. 

o Subtractτsubtract a number from every image pixel. 

o Multiplyτmultiply every image pixel by a number. 

o Divideτdivide every image pixel by a number. 

o Cutoffτreplace every pixel above defined threshold with the threshold value. 

¶  Operations between two images: 

o Addτadd two images. 

o Subtractτsubtract two images. 

o Interpolateτinterpolate two images. If the interpolation ratio is between 0 and 1 then every pixel of 

the new image will be a linear interpolation between pixels of the two images. Ratio less than 0 or 

greater than 1 cause extrapolation of pixel values. 
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¶  Operations on simple image: 

o Median filterτreplaces all pixels by the median value of surrounding pixels, defined by the radius 

parameter. This filter removes all brightness changes smaller than the defined radius (e.g. individual 

stars). Only the background features greater than radius remains (e.g. nebulosity or galaxy 

background). 

o Subtract medianτcalculates median image and subtracts it from the image. The offset parameter 

ensures no pixel value will be clipped to zero if the median value is greater than original value. Effect 

of this filter is inverse to median filterτall features greater than radius will be removed (e.g. gradient, 

nebulosity, etc.) and only stars remain. 

o Gaussian blurτblurs the image by the Gaussian kernel filter of defined radius. This operation will 

soften the image, eliminating noise and sharp edges. 

o Gaussian unsharp maskτsubtracts image filtered by Gaussian blur from the image. This operation will 

sharpen image, enhancing edges but also the noise. 

o Remove extreme pixelsτŎŀƭŎǳƭŀǘŜǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ŦǊƻƳ о Ҏ о ǇƛȄŜƭ ƴŜƛƎƘōƻǊƘƻƻŘ ƻŦ ŜŀŎƘ ǇƛȄŜƭ 

and replaces the center pixel with average of surrounding pixels if it exceeds the average by a defined 

multiply of standard deviations. 

This operation can be used to eliminate dark (black) and hot (white) pixels from the image (e.g. if 

the dark frame for the particular image is not available to eliminate hot pixels by its subtraction). 

The default value of standard deviation (RMS) multiply is 1.5, but you can experiment with this 

number to achieve optimal results for the image. 

Clicking the Evaluate button performs the chosen operation with the defined parameters. Keep on mind that some 

operations, like median filter, can take a while (up to several minutes on large images and/or on slow computers). The 

new image window is always opened, the chosen source image remains untouched. 
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FITS Header Editor  

The FITS Header Editor tool allows to view and possibly update FITS headers in the text form. 

 

Changes performed in the editor are not immediately propagated to the FITS header of selected image. It is necessary 

to press the Apply button else all changes will be canceled when the tool is closed or another image is selected. 

The FITS Header Editor checks the text before the update and prohibits updating of the image if some header is 

corrupted. Although the FITS header is basically text-based, number of rules apply to the header (e.g. every line must 

be exactly 80 characters long, strings should be padded to multiply of 8 characters by spaces, number of lines in header 

must be multiply of 36 lines and blank lines must be added to fill the 36 lines etc.). It is not necessary to keep these rules 

if editing text in the editorτlonger lines are cut, shorter lines are padded, empty lines are added etc. by the FITS Header 

9ŘƛǘƻǊ ŘǳǊƛƴƎ ǳǇŘŀǘŜΦ hƴƭȅ ƎŜƴŜǊŀƭ ǊǳƭŜǎ Ƴǳǎǘ ōŜ ŦƻƭƭƻǿŜŘΣ ƭƛƪŜ ǘƘŜ ά{Lat[9 Ґ ¢έ ŦƛǊǎǘ ƭƛƴŜ ŀƴŘ ά9b5έ ƭŀǎǘ ƭƛƴŜ ŜǘŎΦ 

Remark: 

Some FITS headers may be not important at all, but some are critical for the image. Change them only if you perfectly 

understand why and what are you doing. 
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Image Profile 

The Image Profile tool shows profiles in X and Y axes of the selected image. 

 

The Image Profile tool shows horizontal and vertical profiles of the currently selected image. The profiles range (minimal 

and maximal value) is defined by the current image stretch (see the Histogram and Stretch Tool). Anything displayed on 

the image black (because pixel value is under low stretch limit) or white (because pixel value is above high stretch limit) 

is outside the profile display. 

To view the profile covering the complete pixel range, stretch the image to full pixel range first. 

The Scale checkbox in the lower right corner of the tool window extends the profile to the full profile space (if it does 

not fill it already). 

The pixel row and column displayed in the horizontal and vertical profile views is defined by the inverted cross-hair in 

the image. The cross-hair can be moved by mouse click (it is also possible to drag the mouse while the left mouse button 

is pressed). 

The cross-hair can be also moved by cursor keys: 

¶ <Up>, <Down>, <Left> and <Right> keys move the cross-hair one pixel. 

¶ Combining cursor keys with the <Ctrl> key speeds up the movement to 8 pixels. 

Remark: 

The image displayed in the Image Profile tool can be manipulated similarly to the ordinary image windowτit can 

be zoomed by mouse wheel and the visible portion of the image can be dragged by the right mouse button. 

In the case of color images, the Profile tools displays individual profiles of red, green, and blue colors. 
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Remove Gradient 

The Remove Gradient tool is intended to eliminate differences in image background values. Unfortunately, the sky 

background is never uniform, as it is affected by light pollution, Moon position relative to the field of view, height above 

horizon etc. The wider the field of view, the bigger the differences in sky brightness in different parts of the image. But 

the sky background often changes so rapidly that even narrow field-of-view images exhibit visible unevenness. 

Hint: 

The uneven background does not affect the scientific data reduction (e.g., the photometry) that much, as the used 

algorithms calculate with it. It is mainly an aesthetic issue, often not allowing us to create a nice image, especially if 

the background gradients differ in individual color channels. 

The Remove Gradient tool is capable to model the image background using 2D polynomials and to subtract the model 

from the image. 
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There are three types of 2D polynomials available, differing in the order: 

¶ Linear (1st order) 2D polynomial with three free parameters: 

έὪὪίὩὸὥϽὼ ὦϽώ ὧ 

¶ Quadratic (2nd order) 2D polynomial with six free parameters: 

έὪὪίὩὸὥϽὼ ὦϽώ ὧϽὼώ ὨϽὼ ὩϽώ Ὢ 

¶ Cubic (3rd order) 2D polynomial with ten free parameters: 

έὪὪίὩὸὥϽὼ ὦϽώ ὧϽὼώ ὨϽὼώ ὩϽὼ ὪϽώ ὫϽὼώ ὬϽὼ ὭϽώ Ὦ 

The background values are sampled using a grid of areas. The median value of each area is used as a reference 

background value in the area center. 

The Remove Gradient tool supports two methods of placing the sampling areas over the image: 

1. It is possible to manually select the region in the image. Clicking the  button adds the 

current selection into list of sample areas. The median value as well as area coordinates are added to the area 

list on the right side of the tool window. 

2. The  button places sampling areas over the image according to defined parameters. The Area Width and 

Area Depth define the size of each area; Num areas X and Num areas Y define the number of areas to be 

evenly distributed in the respective axis. 

Hint: 

If there is a selected (framed) portion of image, the Place Areas button distributes new areas only within the 

selection. 

Obviously, not all background variations are unwanted gradientsτƴŜōǳƭŀŜ ƻǊ ƎŀƭŀȄƛŜǎ ŀǊŜ ƛƴ ŦŀŎǘ ŀƭǎƻ άōŀŎƪƎǊƻǳƴŘ 

ƎǊŀŘƛŜƴǘǎέΣ ōǳǘ ǿŜ ƴŀǘǳǊŀƭƭȅ ǿŀƴǘ ǘƻ ƪŜŜǇ ǘƘŜƳ ƛƴ ƛƳŀƎŜΦ {ƻΣ ƛǘ ƛǎ ŘŜǎƛǊŀōƭŜ ǘƘŀǘ ǘƘŜ ōŀŎƪƎǊƻǳƴŘ ƎǊŀŘƛŜƴǘ ƛǎ ŘŜǘŜǊƳƛƴŜŘ 

only from image parts without a nebulosity of galaxy. 

The already existing areas can be removed, either the  button removes them all or the 

 button removes only the highlighted ones. Areas can be highlighted either in the list on the tool 

window right side or simply by selecting a portion of the imageτareas within the selected portion will be highlighted. 

So, the portions of the image to be used for gradient calculation (the ones containing sample areas) can be either defined  

by removing previously evenly placed areas (highlight the portion of the image with sample areas to be removed and 

click Remove highlighted areas button) or by adding areas to an empty image (highlight the portion of the image and 

click Place Areas button) or by combination of both ways. 

Skipping stars 
As mentioned above, each sampling area contributes to the background polynomial fitting with single pointτits 

coordinates are the area center x and y and offset is the median of all pixels in the area region. Using of median should 

eliminate all extremes, including pixels belonging to a star, diffraction spike, hot pixel, or any other artifact. 

Still, sometimes some bright star can fill the significant portion of the area, especially if the areas are small, and thus 

affect the median value. This is why the Remove Gradient tool allows to find stars within the image. Found stars are 

then highlighted with rings indicating their respective diameters. 

If stars are found in the image, the median of each area is then calculated only from respective area pixels not belonging 

to any star. 

Hint: 

Especially in dense fields, highlighting of all found stars in the image with circles may slow down the image repaint. 

So, it is more convenient to find stars only after all sampling areas are placed. The area median values are 

recalculated when stars are found. 
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Removing the gradient 

When the sample areas are properly distributed over the background areas of the image, the  button performs 

actual polynomial fitting and the subtracts the resulting 2D polynomial from the selected image. The polynomial order 

is selected using three άradio buttonsέ in the Remove Gradient ribbon pane. 

The example below shows the M45 Pleiades captured through photographic green filter, exhibiting significant 

background gradient over the field of view (left). 

  

With the 3rd order gradient removed, the image background is even (right). 
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Blink Images 

The Blink Images tool allows to repeatedly show images (possibly mutually aligned) in the tool implicit list with defined 

speed. ¢ƘŜ ǊŜǎǳƭǘƛƴƎ ŜŦŦŜŎǘ ƛǎ ƭƛƪŜ ǘƘŜ ƻǇǘƛŎŀƭ ƛƴǎǘǊǳƳŜƴǘ ŎŀƭƭŜŘ άōƭƛƴƪ-ŎƻƳǇŀǊŀǘƻǊέΣ ƛƴǘŜƴŘŜŘ ŦƻǊ ǎŜŀǊŎƘƛƴƎ ƻŦ ƳƻǾƛƴƎ 

objects. It does not work with glass plates, of course, but with FITS images. The idea behind blink comparison is in rapid 

switching of two or more images with stars aligned to each other. If there is some moving object (e.g. minor planet), its 

image will jump, while images of stars remain at the same position. 

Compared to opto-mechanical instruments, software tool can blink any number of images, not just two, and a user can 

include/exclude individual images to/from blink sequence. It can also automatically align images, so the moving object 

is more easily detectable because stars appear static. It is very easy to alter blink speed. Image appearance (stretching) 

can be adjusted to be the same in all images not to disturb the observer etc. 

 

The Blink Image tool includes implicit image list, holding images to be blinked. It can include already opened images as 

well as load images from disk files. The image list is displayed on the right side of the Image Blink tool window. 

The Images ribbon handles the Blink Images tool implicit image list contents. It contains the same controls like the 

standalone image list window. 

The Alignment ribbon ŘŜŀƭǎ ǿƛǘƘ Ƴǳǘǳŀƭ ŀƭƛƎƴƳŜƴǘ ƻŦ ŀƭƭ ƛƳŀƎŜǎ ƛƴ ǘƘŜ ǘƻƻƭΩǎ ƛƳǇƭƛŎƛǘ ƛƳŀƎŜ ƭƛǎǘΣ ǎƻ ǘƘŜ ǎǘŀǊǎ Řƻ ƴƻǘ ƳƻǾŜ 

when images are blinked. The alignment is based on matching of stars found on images. Mechanisms and controls of 

star alignment are described in the following sub-chapter. 

The Blink ribbon controls blinking itself. The  button turns blinking on and off. Blink speed can be set using the 

horizontal slider. When the blinking is off, images can be switched manually using the  and  

buttons. 

Hint: 

If the image list on the right-side of the tool windows is selected, images can be also switched by changing the 

highlighted image using arrow keys or by mouse click. 
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The View ribbon alters how images are displayed. The first option button  controls if the stars fond with the image 

are marked using green circles (image alignment requires finding of stars in image). As drawing of hundreds or even 

hundreds of thousand circles, depending on the star density and field of view, is time-consuming and so many green 

circles can almost hide the image behind, it can be turned on and off. 

Remark: 

The Hide/Show stars option is handled globally for the whole SIPS. This means if the user turns the option on or off 

ƛƴ ǘƘŜ .ƭƛƴƪ LƳŀƎŜǎ ǘƻƻΣ ƛǘ ŀƭǎƻ ŀŦŦŜŎǘǎ ƻǘƘŜǊ ǘƻƻƭǎ ό!ǎǘǊƻƳŜǘǊȅΣ tƘƻǘƻƳŜǘǊȅΣ Χύ ŀƴŘ ƘƛƎƘƭƛƎƘǘƛƴƎ ƻŦ ŦƻǳƴŘ ǎǘŀǊǎ ƛǎ 

turned on or off for all images in SIPS. 

It is important all blinked images are similarly stretched, otherwise the visual differences among individual images 

(background level, contrast, Χύ ŘƛǎǘǊŀŎǘ ǘƘŜ ǳǎŜǊΦ The  option button causes stretch limits are always 

calculated according to auto-stretch type predefined in the Histogram and Stretch tool when the images is selected and 

displayed in the left-side panel. This can be useful when images are loaded with different auto-stretch calculation option 

and stretch limits need to be re-calculated for all images. 

The  option button does not cause re-calculation of the stretch limits, but only copies stretch limits of 

the current image, possibly manually adjusted, to the stretch limits of the newly selected/displayed image. The 

disadvantage of such simple forwarding of stretch limits is that it does not adopt to changing imaging conditions of 

individual images. For instance, the sky can get darker after twilight or brighter closer to dawn and thus the background 

value moves and fixed stretch limits do not respect these changes. 

The last option button  ensures the next selected image uses the same palette like the currently selected 

one. 

Identifying stars on image 
Mutual image alignment depends on the program ability to identify individual stars in the image.  

The star centroid searching algorithm can be modified by a set of parameters. These parameters can be defined in the 

dialog box opened by the . Please refer to the Astrometry chapter for the detailed description of star 

search parameters. 

However, there are a few differences when stars are searched on images for the purpose of Astrometry or Photometry, 

where it is important to find also the very dim stars, and when stars are searched only to allow mutual image alignment. 

As thoroughly described in the Astrometry chapter, the difficulty of finding both brightest and weakest stars is 

overcome by optional usage of two apertures. But for mutual image alignment, proper finding of brightest stars is 

enough. Typically, only a few tens of brightest stars are used for matching. 

This is why the SIPS always uses only the greatest aperture defined not to miss the brightest stars: 

¶ If only one aperture is defined, it is used also for finding stars for matching. 

¶ If two apertures are defined, only the second (greater) one is used. This could lead to missing of weak stars if 

they are close to bright ones, but this is irrelevant for matching. 

Hint: 

It is not necessary to try to align all images in list during fine-tuning of these parameters. The Alignment ribbon 

contains the  button, which tries to search the stars on the single selected image only. The user 

can judge if the brightest as well as dimmest stars were properly detected and possible to alter the parameters. 

Also, do not forget to release the  option button to see search results. When the star search parameters are 

tuned, it is better not to highlight fond stars to save time needed to redraw images as well as to see the images 

themselves, not only a bunch of green circles. 
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Automatic image alignment 
Proper image alignment requires proper detection of stars in all images. The algorithm then determines the 

transformation (translation and rotation) among the reference image and all other images. Other images are the 

displayed in the transformed form to appear in the same orientation like the reference image. 

General transformation is capable to cover field drift as well as field rotation caused by tracking errors, unprecise polar 

alignment of the telescope mount etc. There are no limits on the transformation, if for instance half of images are 

captured after the mount swap and thus are approximately 180 degrees rotated in regard to the reference image, they 

are rotated back to the original orientation. 

Remark: 

The transformation is used only to display images, original bitmaps are not affected. 

Proper selection of the reference image may affect alignment of all images in the list. This is particularly important for 

poor quality image sets with big differences of the same star shapes among individual images. The differences may be 

caused by changing of focus during observing session, e.g. because of thermal expansion of telescope tube and/or 

primary mirror. Not properly collimated telescope and/or camera sensor aligned to optical axis may produce different 

star shapes over the field of view and in combination with drifting filed or possibly GEM swap. Also, if the first images 

are taken low over horizon on relatively bright sky during twilight (or last images during dawn), their quality are often 

noticeably worse than quality of images taken around midnight. 

It is always the best practice to select a good quality image with the best focus as a reference one. There is a good 

chance majority of stars are properly detected on such image and the matching with other images produce the best 

results. 

The Blink Images tool takes the actually selected image (displayed in the left panel) as the reference one. So, it is just 

necessary select one of the best images in the list (probably around the middle of the series) prior clicking the  

button. If no image is selected and align command is executed, the Blink Images tool opens a dialog box asking the user 

which image is to be used as the reference one. 

 

The alignment progress is displayed in the dialog box, opened upon clicking of the Find & Align button. 
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The dialog shows progress on individual images in the list, including the number of detected stars, number of created 

triangles, matching accuracy and overall align result of every image. 

Remark: 

SIPS is well optimized for modern personal computers equipped with many processor cores. The aligning task is 

always distributed to all available CPUs, which is the reason the images are shown finished in different order than 

they are in the list. This is caused by the fact, that some core finishes its task and continues with next image faster 

than other core, depending on many factors like access to main memory etc. 

This is also the reason clicking the Cancel button does not react immediately, but the tool first needs to wait for all 

cores to finish the image they are currently working on and only then the whole alignment is canceled. 
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Combine Monochrome Images 

The Combine Monochrome Images tool allows to mutually align images in the tool implicit list and combine them to 

sum or median. 

 

I addition to simple math operations Sum of image list or Median of image list (see the Image Math and Filters tool 

description), the Combine Monochrome Images tool is capable mutually align individual images prior to creating of a 

sum or median. The mutual image alignment works the same way like in the case of Blink Images tool. Refer to the Blink 

Images tool description for align process explanation, please. 

Remark: 

While simple image stacking using the Image Math and Filters tool is suitable for creating of master calibration 

images (master dark and master flat), stacking of actual astronomical object images requires previous image 

alignment, as every image is more or less shifted and/or rotated relative to reference frame. Even in the case of 

perfectly aligned mount and very good tracking, at last sub-pixel differences among images exists and aligning 

eliminate them. 

When images are aligned, the Combine Monochrome Images tool is capable to create new image as sum or median of 

individual images. Both operations can be modified by various options. 

Sum Images 
Sum Images ribbon contains controls involved in creation of a new image as sum of individual frames. 

 button creates new image as a sum of individual frames. 

 option ensures resulting sum image will be always 32-bit, regardless if it fill the 16-bit dynamic range 

or not. 
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 option can be used to automatically create 32-bit resulting image id the dynamic range of individual 

stacked images exceeds 16-bits. 

 option controls the size of the resulting image. If this option is left unchecked, the resulting image 

dimensions are enlarged to contain all, possibly mutually shifted, stacked images. Checking of this option causes the 

resulting image is cropped to the size of the area contained on all stacked images. 

The  button allows to fill a list of images with partial sums. This means the tool stacks a defined number of images 

and puts resulting sum into a list. Then it stacks another batch of images and adds the result into list etc. 

 

The dialog above allows definition of the image list, into which newly created sums are to be added, and number of 

images in each partial sum. 

Image Median 
Image Median ribbon contains controls involved in creation of a new image as median of individual frames, but also 

related operation like creation of image containing maximal or minima values of all stacked images etc. 

 button creates new image as a median of individual frames. 

 button creates new image, which pixels are the maximum of corresponding pixels of all combined 

images. 

 button creates new image, which pixels are the minimum of corresponding pixels of all combined 

images. 

 button creates new image as a sum of all combined images, but maximal and minimal pixels will be 

excluded from the sum. 

 button creates new image as a mean of all combined images. 

 option ensures the mean value of all images are equalized for all images. Leveling of mean values of all 

images could be important, because median is calculated as middle value of sorted pixel values.  

The  button allows to fill a list of images with partial medians. The function is like Partial Sums, only 

median combination is used instead of adding images. 

 

The dialog above allows definition of the image list, into which newly created sums are to be added, and number of 

images in each partial median. Note while the minimum number of images, stacked into partial sums, is two, partial 

medians can be created from at las three individual images. 
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Combine Color Images 

The Combine Color Images tool functionality is the same like the Combine Monochrome Images tool, but image 

stacking or median combination is performed on color FITS images. Because of difference between monochrome and 

color images such functionality cannot be handled by one tool. 
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Create Color images from (L)RGB Components 

The Create Color images from (L)RGB Components from individual red, green, blue, and possibly luminance images. 

 

This tool combines the functionality of both Combine Monochrome Images tool and Combine Color Images tool. It 

always creates color images, but it accepts both monochrome and color ones. 

¶ All three red, green, and blue planes of color images are added with corresponding color planes of other 

images. 

¶ Monochrome images can be marked as red, green, or blue. Images marked as particular color are added with 

other images marked the same color or with the same color planes of color images: 

o  mark red image 

o  mark green image 

o  mark blue image 

¶ It is also possible to mark monochrome image as Luminance: 

o  mark luminance image 

Individual images representing colors must be mutually aligned, of course. 
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Astrometry (and Photometry) of single image 

Note: 

Th Astrometry tool name reflects its evolution from a tool performing just astrometric reduction of single image. 

Over time, full Photometry processing, including Ensemble Photometry, was added to this tool and thus the more 

appropriate name would be Astrometry and Photometry of single image. Unfortunately, such name is too long for 

launch buttons and the tool window title, so the original name was kept. But keep on mind both astrometry and 

(ensemble) photometry of single image can be performed. 

The Astrometry tool allows astrometric reduction5 of the image (resolving equatorial coordinates for every star or other 

objects within the image). 

 

Note the Astrometry tool works with currently active (selected) image within SIPS workspace. Selecting individual 

images also changes the context of the Astrometry tool. 

Images of individual stars (or asteroids, comet nuclei etc.) on an image typically cover multiple pixels with varying 

brightness (the profile of star image resembles Gaussian curve). Calculating weighted average of all pixels, where pixel 

brightness is the weight, allows to determine the star image centroid position with sub-pixel precision. Then the 

equatorial coordinates of celestial bodies can be calculated with sub-pixel precision, too. 

Remark: 

[Ŝǘ ǳǎ ƴƻǘŜ ǘƘŀǘ ƛƳŀƎŜ ƛǎ ƻŦǘŜƴ ŎŀƭƭŜŘ άǇƭŀǘŜέ ǿƘŜƴ ǘŀƭƪƛƴƎ ŀōƻǳǘ ŀǎǘǊƻƳŜǘǊȅ ŦǊƻƳ ƘƛǎǘƻǊƛŎŀƭ ǊŜŀǎƻƴǎΦ {ƛƳƛƭŀǊƭȅΣ ǇƛȄŜƭ 

ŎƻƻǊŘƛƴŀǘŜǎ ǿƛǘƘƛƴ ǘƘŜ ƛƳŀƎŜ ŀǊŜ ŎŀƭƭŜŘ άǇƭŀǘŜ ŎƻƻǊŘƛƴŀǘŜǎέ ŜǘŎΦ !ǎǘǊƻƳŜǘǊȅ ǿŀǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ǇŜǊŦƻǊƳŜŘ ƻƴ 

emulsion-coated glass plates and star centers were measured on micro-metric machines. While it is much easier to 

ƘŀƴŘƭŜ ŘƛƎƛǘŀƭ ƛƳŀƎŜǎ ōȅ ǎƻŦǘǿŀǊŜ ǘƘŀƴ ǘƻ ƳŜŀǎǳǊŜ ŎƻƻǊŘƛƴŀǘŜǎ ƻƴ Ǝƭŀǎǎ ǇƭŀǘŜΣ ǘƘŜ Ǝƻŀƭ ƻŦ άǇƭŀǘŜ ǎƻƭǳǘƛƻƴέ ǊŜƳŀƛƴǎ 

the sameτto retrieve celestial coordinates of observed objects. 

 
5 !ǎǘǊƻƳŜǘǊƛŎ ƛƳŀƎŜ ǊŜŘǳŎǘƛƻƴ ƛǎ ǎƻƳŜǘƛƳŜǎ ŀƭǎƻ ŎŀƭƭŜŘ άǇƭŀǘŜ ǎƻƭǳǘƛƻƴέ 
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Astrometry (astrometric reduction) is performed in several basic steps: 

1. SIPS must be able to find stars in the image. The whole astrometry procedure relies on this abilityτfound stars 

must be matched with stars in catalog. So, pixel coordinates of stars on the image must be known prior to any 

astrometric reduction. 

Remark: 

Also, other algorithms within SIPS rely on finding of stars, e.g. mutual alignment of images used in Blink 

Images or Combine Images tools, telescope mount guiding etc. 

2. Plate parameters must be defined. Plate parameters are (at last approximate) equatorial coordinates of image 

center and the pixel scaleτthe angular size of single pixel. Alternatively, it is enough to define camera pixel 

size and possibly used camera binning, together with the used telescope focal length. Also, pixel scale (or pixel 

size and focal length) may be only approximate. 

Hint: 

SIPS allows storage of these parameters in the FITS headers, so it is not necessary to define them explicitly 

prior to astrometry calculation. See the New FITS Headers dialog box description in the SIPS Images chapter. 

While these parameters can be defined statically, the New FITS Headers dialog box also allows to read pixel 

size from the connected camera as well as to read image center coordinates from the telescope mount each 

time the image is downloaded. 

3. There must be at last one supported astronomical catalog present on the local PC. SIPS currently supports 

UCAC4, UCAC5, USNO-A2.0 and USNO-B1.0 catalogs. The Catalog Parameters dialog box allows to define 

catalog type and folder, where catalog files are located. 

4. Astrometric reduction can be further parametrized through the Matching Parameters dialog box, despite 

default values should be OK for majority of cases. 

5. After successful catalog matching with detected stars, equatorial coordinates are calculated for every object 

within the image. 

6. A bit out of scope of astrometry reduction is calculating of photometry of found stars. Photometry calculation 

finds flux of stars (proportional to the amount of light captured from each star) as well as to calculate FWHM 

of each star in both pixel units and arc-seconds. 

Let us go through individual steps in more detail. 

Identifying stars on image 
Reliable identification of all stars in the image is a crucial step in astrometry reduction. As mentioned earlier, astrometry 

is based on matching stars on image and in catalog. 

¶ If for instance the brightest stars are omitted on image (e.g. the search aperture is too small to contain very 

bright stars), astrometry may fail as the brightest detected stars on image and the ones read from the catalog 

do not match. 

¶ If the dim stars are not found on image, SIPS cannot assign their counterparts from the catalog nor calculate 

their coordinates. 

The star centroid searching algorithm can be modified by a set of parameters. These parameters can be defined in the 

dialog box opened by the  button. 
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Searching stars is based on statistical analysis of image pixels in the box of defined size, which moves through the image. 

Star is detected if a group of neighboring pixels reaches values a defined amount of the box standard deviation above 

the box mean value. The box size, minimal number of neighboring pixels and threshold (a multiply of standard deviation) 

are all user-definable parameters: 

¶ Aperture is the diameter (box size) of pixel area, in which a star centroid is searched. General rule is that the 

star image should well fit in the box else the star will not be recognized. Too big aperture on the other side 

covers more pixels than necessary. Aperture 11 or 13 is good value for typical well-sampled astronomical 

images. 

¶ Use 2nd Aperture check box and Aperture 2 value can be used to overcome the problem with very different 

star diameters in single image: 

o If the single aperture is significantly less than the aperture of bright stars, then such bright stars are 

ƴƻǘ ŘŜǘŜŎǘŜŘΦ ¢ƘŜ ǎǘŀǊ ƛǎ ŘŜǘŜŎǘŜŘ ƻƴƭȅ ƛŦ ǘƘŜ ƎǊƻǳǇ ƻŦ ǇƛȄŜƭǎΣ ŦǳƭŦƛƭƭƛƴƎ ǘƘŜ άŀōƻǾŜ ǘƘŜ ǘƘǊŜǎƘƻƭŘέ 

condition, does not touch the box border. This condition ensures the star is detected only when the 

box is positioned that all pixels belonging to the star are within it. Detecting the star prematurely, 

when only a portion of its pixels are in the moving box, would result into centroid offset from real 

location. 

o Aperture significantly greater than the aperture of dim stars slows-down the algorithm, but does not 

prohibit proper detection of dim stars, providing there is no bright star within the area of the box. 

Presence of a bright star increases the box standard deviation and mean value and causes the pixels 

belonging to the nearby dim stars do not surpass the threshold and the star is missed. 

Cure for this problem is the introduction of two apertures. The first aperture should be a good fit for the 

dimmest stars within the image. Thanks to the limited aperture size, these stars are detected even if they are 

located close to the bright stars. The second aperture should be big enough to contain even the brightest stars 

in the image. Proper detection of even the brightest stars is important for image alignment (and also for catalog 

matching as explained in the Astrometry and Photometry tool description). Alignment is based on finding 

similar triangles among images and tringles are constructed beginning with the brightest stars. If the brightest 

star or stars are detected on one image and missed on another, constructed triangles are very different and 

alignment may fail. 

¶ Standard deviation count defines the threshold, above which a pixel is considered to belong to a star image. 

¶ Number of pixels defines how many neighboring pixels above threshold must be detected to consider them 

star pixels. This condition eliminates single bright pixels above threshold like traces of sensor hot pixels etc. 
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The algorithm of searching stars depends on the single-bit-ŘŜǇǘƘ ōƛǘƳŀǇ ƻŦ ǘƘŜ ǎŀƳŜ ǎƛȊŜ ŀǎ ǘƘŜ ƛƳŀƎŜ ƛǘǎŜƭŦΣ ŎŀƭƭŜŘ άǎǘŀǊ 

Ƴŀǎƪέ ƛƴ {Lt{Φ ¢Ƙƛǎ ōƛǘƳŀǇ Ŏƻƴǘŀƛƴǎ м ƛŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƛƳŀƎŜ ǇƛȄŜƭ ōŜƭƻƴƎǎ ǘƻ ŀ ǎǘŀǊ ƻǊ л ƻǘƘŜǊǿƛǎŜΦ !ŦǘŜǊ ǘƘŜ ŦƛǊǎǘ 

pass of the algorithm through the image, the 1-bits only roughly represent the actual star images, because of varying 

mean and threshold values as the detection box moved through the imageτthe box statistics depend on the presence 

of other stars or diffraction spikes, background gradient etc. Naturally also the star centroid position can be slightly out 

of the ideal position because of varying number of star pixels detected during first pass. 

Remark: 

The centroid detection precision decreases with decreasing image quality. Out-of-focus star images, possibly 

affected by optical aberrations, are more prone to bad detection of star pixels than well focused, round stars. 

To achieve the best possible centroid positions and representation of stars, SIPS needs to iterate through several steps 

to refine the star mask. At least one iteration is necessary, but more than three iterations may not bring noticeable 

refitment. Two iteration steps (the default value) look like optimal compromise between detection precision and 

processing speed. 

The star-mask-refine steps also include detection of apertures of found stars images (automatically determined star 

apertures play important role in the Photometry tool, described later). 

The algorithm used to determine aperture of stars scans the profile from the centroid in the four directions (up, down, 

left, and right) and measures the distance from the centroid to the first pixel lying below the defined threshold. Typically, 

values from 1 to 2 multiplies of standard deviation are used, but the optimal value depends on the stellar profile, which 

can be affected by many factors such as quality and type of optics, focusing precision, tracking precision, seeing, etc. 

It might happen that automatically determined radii of nearby stars overlap. This is not desirable especially when 

automatic apertures are used to calculate the fluxes. SIPS detects and eliminates overlapping radii and calculates new 

radii as the fraction of the Euclidean distance of star centroids corresponding to the ratio of the fluxes of the two stars. 

The last three parameters in the dialog box concerns automatic star aperture calculation and star-mas refining: 

¶ Star-mask refine steps parameter was described above. 

¶ Auto ap. threshold defines the value at which the scanning of the star profile ends. 

¶ Min. auto aperture radius defines the minimal radius for the cases the statistics result into unrealistically small 

apertures for the very dim stars. 

Finding stars itself is initiated by the  button. If star search parameters are updated, just clicking this button again 

cancels all found stars and finds them again. However, it is possible to explicitly cancel all found stars without finding 

them again using the  button. 

Notice the Astrometry tool window lists all stars, found on image, in a table (sheet) once the stars are searched. The 

table contains only X and Y coordinates (in pixels) of all stars, leaving other columns empty. Stars are sorted by its flux 

(brightness), but please note the flux determined in this phase may not be very precise as it is affected e.g. by nearby 

bright stars etc. Precise flux can be calculated later during Photometry processing, but the difference is rather small. 

Highlighting stars 
Once the stars are found in any image, SIPS highlight them with green circles. This can be particularly useful when fine-

tuning stars-search parameters for the used telescope and camera setup. Missing green circles around brightest stars 

indicates it is necessary to enlarge aperture or to use 2nd (greater) aperture etc. 

However, green circles around every found star partially obstruct original data and make the image hard to perceive. 

Also, drawing many circles takes some time and slows the zooming and scrolling of the image. Once the parameters of 

star search algorithm are fine-tuned and SIPS reliably finds all stars on images, green circles around found star are 

superfluous. The View ribbon contains  option button, which allows to hide the green circles around stars. 
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Hint: 

This option button is synchronized among all tools, containing controls to find and highlight starsτBlink Images, 

Combine Images, Astrometry and Photometry. Star highlighting can be turned on or off in any of these tools and 

changes are propagated to other opened tool windows. 

Plate parameters 
Astrometry in SIPS cannot perform all-sky search for the image position and scale. The algorithm needs at last 

approximate information about the image: 

¶ Equatorial coordinates of the image center. 

¶ Image scale (angular size of pixels). The image scale can be defined: 

o Directly (by specification of pixel angular size). 

o Indirectly (by specification of pixel physical dimension and telescope focal length) and SIPS then 

calculates pixel angular size itself. 

wŜƭȅƛƴƎ ƻƴ ǎǳŎƘ άǎǘŀǊǘƛƴƎέ ƛƴŦƻǊƳŀǘƛƻƴ, despite only approximate, significantly speeds up the astrometry solution. 

Hint: 

As mentioned earlier, SIPS can store all this information into FITS headers automatically for later usage in astrometry 

reduction. In typical usage scenarios, image center coordinates are read from the telescope mount upon image 

acquisition (the mount must be connected to SIPS using appropriate driver) and pixels physical dimensions are read 

from camera, while focal length of the used telescope is defined in the New FITS Headers dialog box, opened from 

SIPS Setting tab by the  button. 

 

The telescope focal length itself can be either defined explicitly in the New FITS Header dialog box or taken from 

the Observatory Setup dialog box. 

If plate parameters information is to be reviewed or modified, the  opens the Plate astrometry 

information dialog box. 
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Hint: 

Sometimes coordinates are not provided in hours or degrees, minutes, and seconds, but in degrees in the form of 

decimal number (fraction of degrees). While conversion from decimal degrees to minutes and seconds is simple, it 

involves a few divisions and subtractions, most people cannot do such math without calculator or at last pen and 

paper. 

¢Ƙƛǎ ƛǎ ǿƘȅ ǘƘŜ ŜǉǳŀǘƻǊƛŀƭ ŎƻƻǊŘƛƴŀǘŜǎ ŎƻƴǘǊƻƭǎ ŀǊŜ ŎŀǇŀōƭŜ ǘƻ ǇŜǊŦƻǊƳ άǎƳŀǊǘ ǇŀǎǘŜέ ƻǇŜǊŀǘƛƻƴΦ LŦ ŀ ƴǳƳōŜǊ ǿƛǘƘ a 

fraction part (containing decimal point) is pasted to the Dec. degrees count-box, SIPS interprets it as a declination 

expressed in decimal degrees. It transforms the value to whole degrees, minutes, and second and fills all three 

count-boxes accordingly. 

In the case of right ascension, the value, containing decimal point, pasted to R.A. hours count-box, is also 

interpreted as decimal degrees as it is customary to use degrees not hours also for right ascension when equatorial 

coordinates are expressed in the fraction form. So, the value is first divided by 15 to convert it to hours and only 

then it is transformed to whole hours, minutes, and second. 

There is a kind of dispute in the astronomical community whether the pixel physical dimension, stated in the FITS 

header, refers to the pixel prior to binning or after the binning. To satisfy both approaches, SIPS allows to define if the 

Defined pixel size includes binning. 

¶ If this option is set, the binning information becomes superfluous (the Plate astrometry information dialog 

box still displays the binning defined in FITS headers and allows to modify it, but they do not influence 

astrometric solution). 

¶ Otherwise, the astrometry algorithm multiplies the stated pixel size with binning value in respective axes to 

get resulting physical pixel dimensions and use it for astrometric solution. 

Warning: 

The Plate astrometry information dialog box modifies metadata of the actually selected image. Closing the dialog 

box with the Update Image button modifies the image and it must be saved to make these modifications persistent. 

But the Defined pixel size includes binning option is not stored in any image, this is a global SIPS option, stored in 

the SIPS configuration file. It instructs SIPS how to handle X/YPIXSIZE and X/YBINNING FITS headers of all processed 

images, regardless is the dialog box is closed with Update Image or Cancel button. We understand this can be 

slightly misleading, but the Defined pixel size includes binning option is so closely related to the Plate astrometry 

information dialog content, that placing this option elsewhere could cause even more confusion. 

Also, this option controls how the already existing FITS files should be handled, it does not affect the X/YPIXSIZE and 

X/YBINNING headers content when SIPS creates new FITS files. SIPS always sets the X/YPIXSIZE values to physical 

sensor pixel dimension regardless of the used binning, else the X/YBINNING headers are superfluous. 
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Astrometry catalogs 
SIPS needs an astrometry catalog, located at the computer file system (on some drive), to be able to match stars on 

image with stars in catalog. Catalogs available online are not used for performance reasons as well as to be able to 

perform astrometry solution without the access to Internet. 

There are four catalogs currently supported in SIPS. Each catalog description below is accompanied with sample of 

information for one star, contained in respective catalog. 

¶ UCAC4: very good catalog overall, consuming 8.41 GB of drive space. Provides rich information about every 

ǎǘŀǊ όнa!{{ ŀƴŘ !t!{{ ƳŀƎƴƛǘǳŘŜǎΣ ǇǊƻǇŜǊ ƳƻǘƛƻƴǎΣ ΧύΦ aŀƧƻǊƛǘȅ ƻŦ ōǳƎǎ ƛƴ ǘƘŜ ŎŀǘŀƭƻƎ ŎƻƴŎŜǊƴǎ false 

positives (presence of non-existing stars), which does not hurt the astrometry. UCAC4 contains stars up to 

approx. 16 Mag, so another catalog must be used for deeper images.  

UCAC4 ID          614 - 005736 
R.A. [D.d]        30.9565686  
Dec. [D.d]        32.6952500  
Model fit mag.    11.363  
Aperture mag.     11.349  
Mag. error        0.03  
Prop. motion R.A. - 0.1  
Prop. motion Dec. - 14.9  
2MASS id.         140753965  
2MASS J mag.      9.695 (0.02)  
2MASS H mag.      9.169 (0.02)  
2MASS K_s mag.    9.054 (0.02)  
APASS B mag.      12.691 (0.02)  
APASS V mag.      11.568 (0.02)  
APASS g mag.      12.099 (0.01)  
APASS r mag.      11.207 (0.04)  
APASS i mag.      10.902 (0.03)  

¶ UCAC5: contains more precise star coordinates, based on Gaia DR1, but otherwise reduces the amount of 

information about every star. Catalog needs only 5.25 GB of drive space, but better precision brings no 

significant benefits for typical usage (e.g. photometry processing), so the UCAC4 is still a better choice. 

UCAC5 ID            614 - 005472 
Gaia DR1 ID         301739800644289152  
Gaia R.A. [D.d]     30.9565744  
Gaia Dec. [D.d]     32.6951961  
Gaia R.A. err [mas] 0.3  
Gaia Dec. err [mas] 0.1  
Prop. motion R.A.   1.0 (1.3)  
Prop. motion Dec.   - 13.3 (1.1)  
Gaia DR1 G mag.     11.180  
UCAC model mag.     11.386  
NOMAD R mag.        11.180  
2MASS J mag.        9.695  
2MASS H mag.        9.169  
2MASS K_s mag.      9.054  

¶ USNO-A2.0: Rather outdated catalog, generated by digitizing of Palomar Sky Survey plates. Occupies just 

6.11 GB space but Ŏƻƴǘŀƛƴǎ ƻƴƭȅ άǊŜŘέ ŀƴŘ άōƭǳŜέ ƳŀƎƴƛǘǳŘŜǎΣ ƻǊƛƎƛƴŀǘƛƴƎ ƛƴ ōƭǳŜ ŀƴŘ ǊŜŘ ŦƛƭǘŜǊǎ6, used for 

Palomar Sky Survey. SIPS converts these non-standard magnitudes to get approximate B-V index, but the color 

information is not reliable. The greatest weakness of this catalog is the absence of many bright stars, which 

makes astrometry reduction very difficult (bright stars found on image are not found in catalog). USNO-A2.0 is 

therefore not recommended for plate solving. 

USNO- A2.0 ID   1200 - 0868585 
R.A. [D.d]     30.9565778  
Dec. [D.d]     32.6954167  
Red mag.       11.4  
Blue mag.      12.6  

 
6 The Red and Blue filters, used for Palomar Sky survey, do not correspond to Johnson-Cousin R or B filters. These filters 
are not part of any common color photometric system. 
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¶ USNO-B1.0: Also generated from Palomar Sky Survey plates, but with more sophisticated algorithms. 

Brightness information is also based on red and blue color filters and transformed to standard colors in SIPS 

with limited precision. USNO-B1.0 occupies 124 GB of drive space and contains stars up to 18+ Mag, which is 

significantly more than other catalogs. This makes this catalog the only option for weak stars. 

USNO- B1.0 ID      1226 - 0033688 
R.A. [D.d]        30.9566028  
Dec. [D.d]        32.6952889  
R.A. err [mas]    0.157  
Dec. err [mas]    0.032  
Prop. motion R.A. - 0.002  
Prop. motion Dec. - 0.018  
Red 1 mag.        11.22  
Blue 1 mag.       12.53  
Red 2 mag.        11.18  
Blue 2 mag.       12.08  
N mag.            10.81  

Remark: 

The above-mentioned catalogs are used also in various modified forms. For instance, some planetarium programs 

use reduced versions of such catalogs to save drive space, eliminating information not used within the planetarium 

program. SIPS always needs the original form of the catalog to work properly, the compressed and/or reduced 

versions cannot be used with SIPS. 

Support for two catalogs 
If all detected stars are covered by the UCAC4 catalog (no star of interest is weaker than ~16 Mag), using UCAC4 only 

brings no disadvantages. However, if there are stars weaker than ~16 Mag, astrometry cannot provide cross-

identification of such weak stars with catalog, which makes e.g. publication of such stars problematic as such cross-

identification must be performed later manually. Using USBO-B1.0 catalog solves this issue, but we lose important 

information about bright stars in the field (color indexes etc.). 

The above dilemma is solved in SIPS by the ability to use two catalogs for plate solving. 

1. Astrometry is performed with Primary catalog. Also, stars on image are matched with all available stars in 

primary catalog. 

2. Then a Secondary catalog is used, this time not to perform astrometry (it was already performed using primary 

catalog), but only to match remaining stars and obtain their cross-identification. 

The Astrometry catalog parameters dialog box, opened by the  button, allows specification of the 

primary and secondary catalogs. If no secondary catalog is to be used, select the undefined value as the catalog type. 

 

Sometimes a catalog contains too many stars, for instance if a camera with a small photographic lens is used to get very 

wide field images. Lowering the number of stars loaded from a catalog by imposing magnitude limit saves memory and 

processing time, as the catalog plate, corresponding to image, does not contain many weak stars, which are not detected 

on images either way. 
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The Astrometry catalog parameters dialog box also allows to define limiting magnitude for stars from particular catalog. 

If no limit should be used, clear the Limit Mag count-box.  

Astrometry calculation 
Astrometric match is performed similarly to the mutual image alignment, except that one set of triangles is artificially 

created from tangentially projected star coordinates from the catalog files.  

If a matching triangle is found, a transformation matrix is calculated using the least-squares method and tested on all 

stars used to create triangles. If 50% or more stars are matched, another transformation matrix is calculated from all 

matched stars. For astrometry purposes, every detected star in the image is searched in the catalog and if the 

corresponding catalog star is found, the pair is recorded. Then a final transformation matrix is calculated from all 

matched stars. 

Parameters for image-catalog matching can be modified in the Image/Catalog matching parameters dialog box, opened 

by the  button. 

 

For majority of cases, the default values of should lead to reliable astrometry matching. However, sometimes it would 

be necessary to adjust some of them to overcome possible issues. 

Number of stars, used to create triangles for each image and catalog plate, can be set using Number of brightest 

image/catalog stars used for matching count-boxes. Non-editable edit boxes labeled Number of triangles created at 

image/ catalog plate show the 
ὔ
σ

 number or how may triangles will be created from the defined number of N stars.  

The Maximum number of skipped brightest catalog star parameter allows to overcome possible matching issues 

occurring on images taken with cameras equipped with non-ABG sensors. Bright stars within field of view are often 

affected by blooming and thus are not recognized as stars by SIPS, regardless of star search parameter values. In such 

case the matching could fail because SIPS creates triangles from the brightest star in catalog, while this star is missed 

on image. If this parameter is greater than zero, SIPS repeats matching attempts with the same catalog plate, but skips 

up to defined number of brightest catalog star, until the match is found or maximum number of catalog stars are skipped 

and no match is found. 

If the used camera does not suffer from blooming and even the brightest stars in the field of view are always properly 

recognized by SIPS, this parameter can be kept at 0. 

The Limit to consider triangles similar parameter defines the maximal difference between image and catalog triangle 

side ratios to be considered similar. 

The last parameter Span of catalog plate defines area, which is searched in catalog to find the match. If the image center 

coordinates are always stated precisely enough (say within 1/3 of the field of view), then this parameter can be kept at 

1. SIPS then tries only one catalog plate to match it is image. But if the image center coordinates uncertainty can be 

comparable or even greater than the field of view, increase this parameter. The astrometry algorithm then tries defined 

area in the catalog to find a match. 

Hint: 

Increasing of the Span of catalog plate parameter can be useful when astrometry is used to precisely point the 

telescope mount. 
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The typical procedure involves taking an image after telescope Go To operation. If the match is found, then the 

image center coordinates are synced with telescope mount to inform the mount where it actually points. The 

subsequent Go To command then only moves the telescope to the desired coordinates and because the move is 

very short, resulting error is also very small. Depending on the mount, pointing error can be eliminated to a few 

pixels.  

So, the initial long-distance Go To precision should determine the Span of catalog plate parameter value. If the 

mount error remains a small fraction of the field of view, the value can be 1. But if the mount error is comparable 

with or exceeds the field of view, increasing of this parameter ensures Astrometry reliably finds the telescope 

equatorial coordinates. 

Actual astrometry calculation is invoked by the  button. 

Hint: 

If the stars are not searched yet, the Solve plate button does the search first. So, for regular usage, just click the 

Solve plate button and it does all necessary steps. Explicit Find stars button is present mainly to enable search 

parameters tuning etc. 

When the astrometry matching succeeds, plate parameters of the image are updated. This means image center 

coordinates as well as pixel scale are precisely calculated and stored in the image. This is why image appears as modified 

(asterisk follows its name) after astrometry solution. If the image is then saved, the updated information appears in the 

respective FITS headers. 

Once image is properly matched with the catalog, the Astrometry tool fills most of the remaining columns in the table 

of all found stars. At last equatorial coordinates, corresponding to the detected centroid of each star, are shown in the 

table. 

Hint: 

After the image is solved and the Image Info tool is opened, also the equatorial coordinates of the pixel under the 

mouse cursor are displayed. 

If any star on image is matched with a corresponding star in catalog, the first column in the table is filled with an asterisk 

character and also other columns are filled (used catalog and identifier in the catalog, catalog equatorial coordinates, 

possibly color indexes etc.). 

Astrometry tool and image windows interactions 
The selected window with a solved image and the Astrometry tool, showing a table of found and matched stars, 

mutually react to selection of a star. 

¶ If and star is highlighted at the image by left mouse click, the Astrometry tool window highlights a line with the 

selected star (the table is possibly scrolled to show the line). 

¶ Similarly, if any line is selected in the Astrometry tool window, the star is highlighted in the corresponding 

image. Depending on the current image zoom, the star is centered (or the image is scrolled to its edge) in the 

visible area of the image. 
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Finding stars in the star sheet 
Stars within the Astrometry window sheet can be selected by searching according to various criteria, using the tools 

available in the Find Star ribbon: 

¶ By object Name: text defined in the Name column of the sheet is searched. Each star name is empty by default, 

but the Astrometry tool allows the user to enter name of any detected object. Such name can be the found. 

Hint: 

The VSX database lookup fills the names with the object primary name within the VSX catalog. Such name 

can be then found using this option. 

¶ By Catalog identification: stars, matched with catalog, can be found by the catalog identifier (content of the 

Cat. Name column). 

¶ By equatorial coordinates RA, Dec: the entered test is parsed for R.A. and Dec. values and the coordinates are 

then searched. The coordinate format is arbitrary; SIPS tries to properly parse coordinates entered in various 

formats: 

o Two decimal numbers are interpreted as R.A and Dec. in decimal degrees. 

o ¢ǿƻ ǎǘǊƛƴƎǎ ŘŜƭƛƳƛǘŜŘ ōȅ ōƭŀƴƪόǎύ ŀǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ wΦ! ŀƴŘ 5ŜŎΦ ƛƴ άIIΥaaΥ{{Φǎǎ Ҍ55ΥaaΥ{{Φǎǎέ 

form. The delimiters can be arbitrary non-ƴǳƳŜǊƛŎ ŎƘŀǊŀŎǘŜǊǎΣ ǎƻ ŀƭǎƻ άIIƘaaƳ{{Φǎǎ 

Ҍ55ŘaaƳ{{Φǎǎέ ŀƴŘ ǎƛƳƛƭŀǊ ŘŜƭƛƳƛǘŜǊǎ ŀǊŜ ŀŎŎŜǇǘŜŘΦ 

o {ƛȄ ǎǘǊƛƴƎǎ ŘŜƭƛƳƛǘŜŘ ōȅ ōƭŀƴƪǎ ŀǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ wΦ! ŀƴŘ 5ŜŎΦ ƛƴ άII aa {{Φǎǎ Ҍ55 aa {{Φǎǎέ ŦƻǊƳŀǘΦ 

Highlighting catalog stars 
Once the image is solved, SIPS highlights matching catalog stars by red circles. Also, relations between stars found on 

image and catalog stars are illustrated by orange lines. 
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When using also secondary catalog for matching, stars from the secondary catalog are highlighted by magenta circles, 

in addition to red circles from primary catalog. The image below demonstrates matching with UCAC4 as primary catalog 

and USNO-B1.0 as a secondary one. 

 

Similarly to highlighting found stars by green circles, also red circles showing catalog star positions partially obstruct 

original data, make the image difficult to perceive and slows image drawing. Another View ribbon option button  

allows to hide the red circles around catalog stars and orange relation lines. 

Hint: 

This option button is synchronized between Astrometry and Photometry tool windows. Catalog highlighting can be 

turned on or off in any of these tools and changes are propagated to the other opened tool window. 

Astrometry report 

The  button opens a new text editor window with a text report containing measured coordinates. 

However, the report does not contain a list of all detected stars as it would be typically too long. Instead, only named 

objects are included into text report. Object can be arbitrary named using the Name column of the table displayed in 

the Astrometry tool window. 
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The text report format follows the Minor Planet Center formatting rules. Each line begins with object name, then a 

capital letter C indicates the measurement were taken from CCD image (not sure if MPC distinguishes between CCD and 

CMOS cameras). The time of the image acquisition, Right Ascension and Declination follows. 

Syncing with the telescope 
The Telescope Sync ribbon of the Astrometry tool window allows high precision Go To operations of the telescope 

mount. Depending on the telescope mount quality, precision of its polar alignment, telescope tube conic error etc. the 

long-range Go To operation may end of the target by many minutes or even degrees. But even if the telescope Go To 

ends up within a fraction of field of view off the target, it is always useful to precisely center the target object within 

the field of view. 

Performing astrometry on an image, captured when the telescope Go To move finishes, finds the actual equatorial 

coordinates, to which the telescope points. The Astrometry tool then allows us to perform three actions: 

¶  button invokes the Sync command on the telescope mount with newly determined image center 

coordinates. This command sets the mount controller current coordinates, which were of by an error caused 

by above-mentioned uncertainties. So, after the Sync command, the mount knows exact coordinates to which 

it is pointing and subsequent (very short) Go To command to the original coordinates is usually capable to place 

object in the field of view center with very good precision (the originally set New R.A. and New Dec. 

coordinates remained from the original Go To command). 

Hint: 

If is of course possible to repeat this procedure several times to achieve Go To precision on the very 

mechanical limits of the telescope mount. 

¶  button overwrites the telescope mount New R.A. and New Dec. with determined image coordinates. It 

is then upon the user to manually synchronize the mount with new coordinates. While the mount is then 
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synchronized with the sky, the disadvantage of this procedure is the coordinates of the target object, stored in 

the New R.A. and New Dec. controls prior to Go To command, are overwritten. 

¶  button overwrites the telescope mount New R.A. and New Dec. with coordinates of the star selected 

in the active image (or in the Astrometry window star sheet ς see the Astrometry tool and image windows 

interactions). This command can be used to center the desired star in the field of view. After the star is selected 

and the Ra/Dec star command is invoked, the Go To command should center the star. If the star is not in the 

image center, precision Go To, involving repeated astrometry and telescope mount synchronization with image 

center (the Sync center command), can be used. 

Photometry processing 
Despite the photometry processing of a series of images is handled by a dedicated Photometry tool, also the Astrometry 

tool allows calculation of photometry on single image using the  button. The main purpose of the photometry 

calculation is to show FWHM of all detected stars. Flux for each star, calculated precisely during photometry processing, 

is an indication of the amount of light captured from individual stars. 

Remark: 

Photometry calculation is affected by several parameters, for instance the radii of a ring used to determine a 

background value etc. These parameters can be defined in a dialog box, opened from the Photometry tool. 

Astrometry tool uses photometry processing only as an optional step in addition to astrometry and thus it does not 

offer controls for photometry parameter settings. 
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When photometry is processed the table displayed in the Astrometry tool window is filled also with each star FWHM, 

calculated independently in the x and y axes, and expresses in both pixels and arc-seconds. 

Also, the highlighted star is shown with automatically calculated aperture as well as the background ring. See the 

Photometry tool description for more details. 

Ensemble photometry 
The Astrometry tool also supports Ensemble photometry calculation (see the Photometry tool description as well as  

Appendix C: A short introduction to photometry for details about ensemble photometry). 

 

The ensemble photometry calculation shows the results in the dialog box, containing two tabs. The Fit results tab shows 

input parameters (Passband, Color index), number of stars used for calibration and also the resulting transformation 

function. 

 

The Residuals chart shows a dependence of the residuals (calculated magnitude vs. catalog magnitude) on the 

magnitude: 

 

The Stars limit count box allows us to limit the chart content to a defined number of brightest stars in image. 

Hint: 

It is possible to click to any point in the chart. The Astrometry tool then selects the corresponding star in the star 

sheet and also highlights it in the image. 

The Highlight calibration stars upon close option can be used to highlight stars in the image: 
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Remark: 

Highlighting calibration stars cancels possible VSX star highlighting. 

VSX database lookup 
The VSX database lookup function is designed for variable star observers. The VSX is a database of known variable stars, 

so marking stars in the image, which are registered in VSX, can be helpful for observers targeting particular variable star. 

VSX database query is of course possible only after the plate is successfully solved and photometry is calculated on the 

image. 

Remark: 

The VSX database lookup requires internet connection to query the database online. 

Controls allowing the VSX database query are grouped in the VSX Lookup ribbon. 

 

Hint: 

The Name column is filled with the primary name of the star in the VSX database, providing the Name of the object 

was empty (not already defined by the user). The name can be then used to find the star using the Find Star ribbon 

tools. 

The Lim.Mag count box control allows setting of limiting brightness and is particularly useful when the image is a wide 

field, containing a lot of stars. 
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Remark: 

The VSX star highlight remains active only while the image is selected. Selecting another image causes the VSX star 

highlight is canceled.  

Manual plate match 
If for some reasons automatic plate solving fails, for instance because some bright stars are missing from the catalog or 

ǘƘŜǊŜ ƛǎ ŀ ōǊƛƎƘǘ ŘƛŦŦǳǎŜ ƻōƧŜŎǘ ƛƴ ǘƘŜ ŦƛŜƭŘ ƻŦ ǾƛŜǿ όŜΦƎΦ ŎƻǊŜ ƻŦ ǎƻƳŜ ƎŀƭŀȄȅύΣ ŎŀǳǎƛƴƎ άōƭƛƴŘ ǎǇƻǘέ ƛƴ ǘƘŜ ŎŀǘŀƭƻƎ ŜǘŎΦΣ it 

is possible to manually mark pairs of stars on image and stars in catalog. The  button opens the 

Manual plate match with catalog dialog box. 

 

If enough pairs are marked (at last tree), astrometry is calculated the same way like in the case of automatically found 

star pairs. 










































































































































































































































































































































