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SIPS basics

What does SIPS mean?

SIPS stands fdicientific Image ProcessingSystem. SIPS does not contain many common image editing tools, like
ONHzAKSazX STFFSOG FAEtGSNR:E SGO0d LyadSIFRT Ad AYLX SYSyida
performed by astronomers to calibrate their images (and astrononmmssider themselves scientists).: It also
implements powerful tools for astrometry reduction and photometry processingerations necessary to extract
scientifically valuable information from astronomical images. The native image format used by SIBSusde among

the science community to exchange data, not JPEG, TIFF, or PNG (although it is of course possible to export images
these commonly used image formats).

What is SIPS

SIPS is a software packafprusedon two areas:

1 Astronomical tservation control, which includesameraand filter wheel control and image acquisition
automatic guiding as well as additional device ambserving equipment contrgllike focusers,telescope
mounts, observatory domesyeatherstations,GPS receivers etc.

SIPS alloscontrolling of any observing equipment (camera, telescope, ...) only with an appropriate driver. The
native drivers for the entire range doravian InstrumentsCx and Gx cameras dreluded in the installation
package of SIPSIPS alsoontainsinterface to ASCOM standdrdrivers, so anydevice ¢amera focuser,
telescope mount, etgwith ASCOMompatible driver can be used from within SIPS.

1 Astronomical image scientific processing, like raw imegjibration (dark frame subtraction, flat fielding) and
0l aArAd YIFyALMzZ I GA2Y OYSRALFLY O2Yo0AyST FEtAIYyYSyid Iy
workflows, used in research to analyze astronomical images, are also intlaga@dmetry reduction and
time-basedphotometry 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 anyb82r 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 degjned for Win32 API.

Basic SIPS principles

SIPS is designed to be intuitive and easy to use, but some actions require understanding of certain principles. Fol
instance, calibration of multiple images at once is performed using image lists, therefore, the concept of image lists and
some basic imagkst handlings (e.g., adding of images to list) should be understood.

There ardour basic types of GUI elements in SIPS:

1 Command ribbong either snapped to containerarranged around the SIPS main window borgerdloating
in the independent popup windows.

1 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.

1 Imagelists, holding one or more imagdsumber of operations can be performed on single image as well as
on all images in the particuldist). Listsare always displayed as overlapping windows inside the SIPS main
window.

! Seehttps://www.ascomstandards.org/

2SIPS v4 GUI departs from traditional menu/toolbar arrangement and introduces new and highly configurable command
ribbons. HowSIPSibbons work, how they can be arrangeshowed or hiddenare described in thé\ppendix A: SIPS

user interface
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1 SIPS toolsrepresented by tool windows. Every tool offers GUI for some operatmg., camera control,
guiding, stacking multiple images, astrometry reduction or photometry processing etc.

While it is possible to open/create many image and imiggavindows, every tooWwindow can be opened only once.

Images in SIPS

Monochrome image is simply twadimensional array (matrix) of pixels equipped with some additional information to
enable image manipulatianfor example various FITS header field values, sensor temperature during image recording,
exposure time etc. Image cde displayed in window, but it can exist within SIPS image list even without being visible
(we will describe image lists later).

T C\buff\FITS\M42_g/fits [—1OlX] | | O c\buff\FITS\M42_rgbfits [=[3x]

“ i Il 1 » | ‘ I »
16 Size: 3083 x 3088 Span: 178.. 857 Stretch: 411 .. 1683 Zoo 16  Size: 3083 x 3090 Span: 233 .. 43750 Stretch: 280 .. 3446 Zoo

While each pixel of monochrome image is represented by single value, there are three values representing red, green,
and bluecomponentsof 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 indepefitteparticular color, SIPS stores also
color-neutral luminance matrix beside RGB matrices. So, a colored im&gm one using just a single calooccupies

four times the memory space of a monochromee.

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

1 Simple operations are performed directly from the command ribbons, like for instance transformations
OYANNBNRY3I 2NI NRGFGA2Y S XO0®

1 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 ifigtgle Individual tools will
be thoroughly described later.

Images are thoroughly described in tB&S Imageshapter.

Image Lists

Astronomers typically capture many images during an observing session. Images taken by a camera always require at
least some degree of processingt last they must be calibrated. Image lists allow processing of multiple images at
once, but they can be effiently 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.

12



& List[1] O X

=3 M LI

G\ Atest\WVW_Tri_0000.fits
T i Atest\WW Tri_ D001 fits
Ch A test\ VW _Tri_D002 fits

1l

G\ Aest\WVW_Tn_0003.fits

Cohhtest\ VW _Tri_ 0004 fits
Ch A test\ VW _Tri_D005 fits
Gl Atest\VW_Tri_D006.fits
T\ Atest\WW _Tri_0DDO7 fits
G Atest\ VW _Tri_D008. fits j

aa

ltems: 31 Opened: 3 A
Image lists are thoroughly describedStPS Image Listhapter.

SIPS tools
{Lt{ 2FFSNE ydzYoSNJ 2F {(22fa (42 O2y(iNRf @I NA2dza RSOAOS
and imagdists. Individual tools will be described in detail in the next chapters of this documentation.

Histogram and Stretch

Low: 7310 =] High: 10610 | =] Autotyper  Starfield -] 'Y Y )

Remark

Tool windows behave somewhat differently compared to image and inisg@indows. They do not exist within
the SIPS workspace, but always stays above SIPS main window.

Tools can be opened from two command ribborthe Devicesribbon allows opening of tools intended to control
hardware devices, such as cameras, telescope mounts, etc.,

B & ¢ XIS E 4+ @I

Imaging Guiding Context Focuser Telescope  Flaps  Dome  Switches  Weather  GPS
camera camera camera (Roof) station E Close

while theToolsribbon contains tools designed to image manipulation and processing.

LR

T X VEE | 85

Histogram Image Calibrate Image FITS Image Remove  Blink  Stack Stack Create Astro- Photo- Program  WebSIPS
& Stretch Info Math  Editor Profile Gradient Images B/W  Color Color metry metry Editor Alpaca E Close
Hint:

TheDevicesand Toolsribbons occupy the same group in the default ribbon configuration. However, as described
in the Appendix A: SIPS user interfgceach ribbon can be dragged to another group or even to another ribbon
container. For instance, it is possible to place the Tools ribbon vertmaliye left or right side of the SIPS main
windows etc.

Some tool windows are independent on other image or image list windows, e.dmémgng camerdool controlling
the main imaging camera.
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Other tools are related to currently active (selected) image window, e.g Hthegram and Stretclor 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 whidmagesor image listsshould be manipulated, e.gimage Math and
Filtersor Calibrationtools.

There are also tools, which contain implicit imdgg. To operate such tools, it is first necessary to fill tisswith
images, be it from files or from anothést or lists. Only then the tool can perform its tasks on the images in tstn
Examples of such tools aBink ImagesCombine Imagesor Photometry processing.

SIPS remembers the open state and position of all tool windows. When you start SIPS again, it opemetdals
previous session and places them into the same position.

Settings ribbon pane
TheSettingsribbon pane contains controls affecting global SIPS behawidifeatures spanning multiple tools.

Settings
%‘i} Mew Image Transform ﬂl \% |
?}5 Mew FITS Headers 2

) Observatory Polar Mute
=& Continue exp. on connect Setup alignment  [Esc]

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 p) etc. Immediate transformation upon image read can be defined in the

adienimacencia dialog box, opened from th8ettingsribbon pane.

Mew Images Transform x

Check transformations, which should be
performed on images newly downloaded
from camera:

[] Debayer new images
[7] Mask odd in X Mask odd in ¥

Method: Multi-pass A

[] Soft bin new images

Binning X: 1 = N1

Method: Sum, keep bits i
[ Keep saturated pixels

[] Flip new images horinzentally
[7] Flip new images vertically

[] Rotate new images 90° right
"] Rotate new images 180°

[] Rotate new images 90° left
[T] Resample new images

Resample X: 1 = |1

[ Cut 9tiles from new images

Tile size: 320

QK Cancel

P@FAT LT 0fS OGN yaF2N¥EdGA2ya | NB GKS &l Y STransfotnSibbanKA8so a 2 y f A y
included is the possibility to immediately perform Debayer processing when the singteolor camera is used.

One exception from the aboweentioned duplicity is a transformation namezut 9 tiles from new imageswhich 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-sobthe image, which hides
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important details. This transformation is especially useful with lagg®lution cameras, which image must be
significantlyzoomed outto 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 axistc.

If multiple transformations are checked, then they are performed in the order defined by thedom order of the
respectivecheckboxn 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 ts€decide which FITS headers are to be included into

FIES
every image read from the camera through t.7z New it Headers

pane.

Mew FITS Headers *

Check headers, which should be included into
newly created FITS files:

dialog box, opened from th&ettingsribbon

EXPTIME FF.ff [seconds]
READMODE 'read-mode’

KBINMING  x-axis-binning
YBINMING  y-axis-binning

GAIN FF.ff [e-/ADU]

FILTER filter-name'

CCD-TEMP  FR.ff [°C] =
uT "yyyy-mm-ddThh:mm:ss'
DATE-OBS  'yyyy-mm-ddThh:mm:ss'
1D ‘1)1)11).dddddd’

DATE-BEG  'yyyy-mm-ddThh:mm:ss'
DATE-END  'yyyy-mm-ddThh:mm:ss'
IMAGETYP  'ohject | dark | flat | bias'® |
OBJECT Polaris

Ohbject from saved file name
RA
DEC

R.A./Dec. from telescope
AZIMUTH  azimuth [°]
ALTITUDE  altitude [7]
AIRMASS air mass (zenith = 1)
XPIXSIZE 376
YPIXSIZE 3.76 ==

Some values, like exposure tiBXPTIME or binning X/YBINN]JIE(@ always set according to the acquired image.

Other valuegfor instance OBSERVERJy be defined statically, and some of them may be digtamically modied
according tahe connected hardware, image handling options or values defined in the global Observatory Setup

=

Image center equatorial coordinatéRA and DE@nay beset tothe connectedTelescopemount position.

Pixel size (X/YPIXSIZE) may be set to the connectegng camerixel size.

OBJECT name may be set to sheedFITSile name

Focalength (FOCALLEN)ay be set to value defined in tli@bservatory Setuialog box.
TelescopdTELESCORIme may be set to value defined in tidservatory Setugialog box.
Instrument(INSTRUMHEhpay be set to theeonnectedimaging cameraname.

Observator(OBSERVAmame may be set to value defined in tidservatory Setumialog box.

ORIGINnay be set to the currersIPSersion.

Geographic locationLAT-OBS LONGOBS and ELEMOBS name may be set to values defined in the
Observatory Setugialog box.

= =4 -8 -8 —a —a 2 -2
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Continue exposures on camera connect

Checking of the option butto. =8 “ertinuesp-encomeet) o a5 contining of repeatecexposures of the Imaging camera
in the case the camera was unplugged while the exposures were running and then plugged again.

Observatory Setup

TheObservatory Setuplialog boxs a place to define some global values, used within multiple SIPS tools. For instance,
observatory geographic locations may be used byTtakscopdool convert equatorial coordinates (R.A. and Dec.) to
Altitude and Azimuth, by thénaging cameraool to writhe location to the FITS headers, by theotometrytool to
calculate air mass etc.

Observatory Setup X

Observatory name: |HomeD0me |
Observatory |atitude: 49 — = 12 —"' 25.55
Observatory longitude: 17 =% 35 R} Y
Observatory glevation: 2014 i m

Read Location from Telescope
Read Location from Camera GPS
Telescope name: TCMTw2

Telescope focal length: 1185 ~ mm

QK Cancel

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$tf S& 02 1LJS (e LA Ol ffe alyz26aé o6KSNB AG adl yRa
functions).

1 Read Location from GRfpdates the values from the currently attached standal@iesS receiver

1 Read Location from Telescopeads the values from the activeslescopedriver (telescope mount typically
contain location information e.g. to be able to transform equatorial coordinates to azimuth and altitude).

1 Read Location from Camera GE&n be usedfithe used camera is equipped witBPS receiverThe 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 thedbservatory Setumlialog 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 andlsmactions and majority of people cannot do such math without calculator or at last
LISY YR LILISNWP ¢KA&E A& oKe GKS t20FrdA2y O2yiNBfa +NB Ol
a fraction part (containing decimal point) is pasted te Bbservatory latitudeor Observatory longitudefirst
count-box (degrees), SIPS transforms the value into whole degrees, minutes, and second and fills all three count
boxes accordingly.

Mute button

<

Mute
Thel = putton stops any alarm sound currently played by any device capable of audible alarms (for instance, the

Weather stationtool, Telescopdool etc.).
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32-bit and 64bit SIPS

SIPS is available in both-BR and 64bit versions, the latter one naturally requires a-6#4 PC and a 6#it operating
system to run.

Remark:

Even if the 64it version of Windows runs oa PC with64-bit processor this does not mean all applications are
also 64bit. Both the64-bit PC hardware (CPU) afd-bit operating system (Windows) are designed to seamlessly
run older 32bit applications. Sananyapplications can still be 32it only and users may not even notice this. This
is also valid for drivers intended to control cameras and other observatory equipment.

The 64bit SIPS is not limited to @B memory limit, imposed by 32t addressing space, and thus can be very useful
when manipulating large lists of images, e.g., during photometry series processing. Alsopihedife runs noticeably
faster comparedd the same code compiled to 38t application thanks to the enhanoeents in theinstruction set,
introduced in 64bit x64 processorglso marked AMD640n the other side, because it is not possible to combine 32
bit and 64bit code in one proces@ne unning application)the 64bit SIPS version requires all used drivers to be also
64-bit, including ASCOM drivers used to control various devices, etc.

Sq the 32bit SIPS offers widest compatibility with various device drivers, which are ofteit 88ly. Ability to address
memory beyond Z5B and added processing speed is not important when controlling the observing run.

As both 32bit and 64bit versions of SIPS can be installed at once, thbiB@ne is often used to control observation
and acquire images and the &4 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 availabl
in different version for 3it and 64bit version as well as for individual language versions.

The installation packages can be either downloaded fromDbenloadsection 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:

1 SIPS4_EN_32-bhit.exe for 32-bit English version
1 SIPS4_EN_64- bit.exe for 64-bit English version

Packages for other language versions differ in language identifier, e.g. thi¢ 62ech version installation package is
namedSIPS4_CZ_64 - bit.exe etc.

SIPS configuration files
SIPSlistinguishes two types of configurations:

1 Global configuration, common for all users.
1 Userspecific configuration.

Driverconfiguration file

Driverconfiguration defines which hardwamuld be used with SIR®d which drivers control it. The configuration is
stored in the simple text filsips.ini  , whichisplaced in the same folder as te@s.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 (camerasfilter wheels,telescope mounts, ...).

SIPS is installed wistips.ini

containing all included drivers.

Driver configuration filéor 39 party drivers

{Lt{ A& yz2i

ftAYAGSR

2 KI y Rriclad¢ddin it® histalatod i Sdver AR ks pubidly a =

available and anybody is free to implement own drivers.

However, to avoid a necessity to modify thgs.ini in the Program Files folder, which is overwritten with gver
new SIPS installationa second driver configuration file, also namegips.ini , may be created in the

\ Users \ Public \ Documents \ SIPS\ ini

folder. If this file exists, SIPS merges drivers listeggpective ini file

sectionsfrom both Program Files and Public Documents

Remark:

The ability to include drivers defined $ips.ini

Userspecific configuration file
Userspecific configuration is stored in the file namsigs_v4.ini , placed in the usespecific folder, assigned by
the operating system (typicall@: \ Users \ %user_name% AppData \ Roaming\ SIPS, where%user_name%is
GKS dzaSNRa t23Ay ylIYSoo

Remark:

Earlier SIPS versions used #ips.ini

2 KSy GKS {Lt{

&n

located in Public Documents was introduced/4hl.

file to save usespecific 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.

A a

Nbzy F2NJ 0KS FA MNipsiva.inia Y Sile dgsRE NI (K S

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.

18
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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 tc
control multiple observing setups (telescope mount, imaging and guiding cameras, domes, ...). In such cases the SIP
reads configuration bthe last recently closed SIPS instance, as the last closed SIPS overwrigss fihée file,
previously saved by previous instances. If another SIPS instance had to use different camera, the only choice was f«
manually define camera and mount driver doebe used upon each SIPS start.

To solve this issue, SIPS accepts comntiargarameters, 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 efault values), and also not to save configuration upon program exit:

1 /config:Nt use the sips _v4 N.ini  configuration file (N is a number 0 to 9jnstead of default

sips _v4.ini

1 /cleant do not read sips_v4.ini configuration file at all during start(clean start ignores saved
configuration

1 /volatilet do not save configuration to thsips_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 tocreate a shortcut for SIPS using specific configuration ardkfine parametersin the shortcut
properties dialog box.

It is possible to type the commarsibs /?  to displaya list of available commarhe parameters

c:\work\sims>sips /7

" (N is a number @ to 9)

"gips.ini" configuration file (clean st )
]

configuration to the "sips.ini" file upon exit

c:\work\sims>
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SIPS Images

What is Image in SIPS?

As was already noted in the introduction to SIPS, monochrome image is a matridi(t@nsional array) of pixels plus
a bunch of additional attributestoringfor 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 basicRethrGreen and Blée

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 headkraded from FITS file (and possibly written back to file when image is saved), which SIPS does
notcare about tKk S LINPINI} Y O2RS R2S& y2i ddzyRSNAGFYRé¢ GKS LI NIAO
persistence while image is manipulated in SIPS

FITS Imagkle format

SIPS native image file format is FITS. Although FITS can support various pixel types (from 8, ‘bt ame@®ss to

floating point numbers), SIPS is currently limited tebltand 32bit integer pixels, giving 65,536 or 4,294,967,296
possible valuesof 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 operatiely but such images occupy a lotroémory,and their handling is much more

CPU demanding and thus slower. Although SIPS can open FITS files withfloiatipgxels, it transforms them to 32

bit integer internally to handle it.

Remark:

Images converted to floatingoint pixels also disallows some important operations, like distinguishing of saturated
pixels or converting ADW$ electrons using camera gain, especially if the floafinint numbers are normalized
etc. This is why SIPS does not use flogioigt pixels and keeps them in integer values.

Why to bother with 32bit pixels when many cameras provide only 12 orbit4resolution and even if the
camera/sensor supports full #6it resolution, images can be rarely reliably digitized with fultbit@recision. At

last, one and more often two, theeor 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 informatiorhisprégision

is not limiting. But 16 bits become limiting when wack multiple images. Just two 46t images with pixel values
above a half of the range (greater than 32,768) would cause pixel saturation. HéxieiB#ages come handy. It
would be necessary to add more than 65,000 saturatedbit Gnages to saturate 3Bit pixel.

FITS is very old format and some of its features are rather obgoleteiginated 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 lengtlevery 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 delippéteisular fields on each line are

defined positionally, header names are limited to 8 characters, then the equaiigm column 9 must follow. Length

of every string must bat last8 characters (don't ask me why). Although SIPS extshdger strings with spaces to

fulfil this rule, it does not object if it reads strimgth less than8 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 corga8fispaces 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 suchlés can be manipulated by number of other software packages (but one can never be)sliris :

3 SIPS creates also luminance pixels for each color image, used for instance for astrometry etc. So, color imgges occup
four-times the space of monochrome one.

4 Analogto Digital Unit number representingeach pixel brightnessusually 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
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 FIT
header. So, some FITS image can contain exposure time in header EXPTIME, another can use EXPOSURE header.
date of image exposure nade stored in TIMEOBS or UT header, or in the newly proposed headers {B&TEand DATE

END etc. This is a drawback of FITS format, but still there is no other generally accepted formatantirdT 8) so we

have no choice.

SIPS allows users to specify which FITS header should be included into newly created images (read from camera) in t
New FITS Headelialog. FITS headers of images existing in SIPS, either newly read from camera or loaded from disk file,
can beviewed,and modified in the=ITS Header Editd¢ool.

Storing Color Images in FITS

FITS format defines no standard for storing color images. However, FITS provides natural way to stdimemsional
arrays of values (pixels), it is not limited to tdonensional matrices only. Because color image consists of three planes,
each contaiing red, green and blue color, it can be naturally handled as tieensional 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
images. It is not clear if such FITS files can be handled by other image processing software, but storing image into suc
file doesnot 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 storet
as twodimensional matrix of pixels, it is not clear whether the first line of pixel is the top line (coordinate [0,0] in the
upper leftcorner) or the bottom line (coordinate [0,0] in the lower left corner).

Almost all professional FITS manipulatimograms suppose theoordinate [0,0] is in the loweeft 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), saxis goes right and-gxis 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 (xaxis goes right,-gixis goes down This is probablthe reasornwhy most amateur software packages handle
FITS like the origin is in the upgdeft cornerand the yaxis increases downwards.

SIPS v4 properly handles the Fig&derROWORDER, which value can be either BOTURBF TOBOWN. This means
all images created and stored by SIPS contairhsgsler, indicating all images are organizedhie BOTTOMJP order.
Also, if a FITS file created by some other software package contaite#uer, SIP$oads 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 tedtwopeer and
read by software package with [0,0] in the loweft corner (or vice versa), it appears vertically mirrored. Fortunately
this brings only minor problerfor the astronomical image€ach 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 an
operations with them. This is maybe somewhat unusual featurember 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 particwdges to comply to some

wild card naming rule (SIPS solves the problenelgfcsing files for multiple image processing by ugimggelList9.

On the other side it is obvious that it is necessary to save image to disk file to ensure its persistencEc@IR®
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 tonth@ng cameratool
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 savedAnother 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, imbgagetist can exist only in thést, without
being visible to the user. Imadjstsare described in the separate chaptPS Imagkists

Images can be displayed two ways in SIPS:

1 Eachimage can have its own window. Image windows are placed inside the main SIPS window.

= SIPS = (] X
1 File | | View H Edit || Transform Devices || Tools | Settings I Help | A
D Show center cross % Cascade windows g Switch skin [ ’*‘:‘ 1 j ﬁ ix, Fl?‘ E’; E| ; ? ﬂ
Black & White ~| []] Tite vertically %5 Define palettes - L @y 7] v »
Imagest s ) X Histogram | Image Calibrate Image FITS Image Gradient Blink  Stack Stacl
inTabs | E Tile horizontally H;‘J—'[ Show pixel pop-up \ & Stretch Info Math  Editor Profile Removal Images B/W Colo}
3 CAFITS\10 (M31)\sum\M31_B_sum.fits —[=]X]
T CAFITS\10 (M31)\sum\M31_G_sumfits =103 X|
™ CAFITS\10 (M31)\sum\M31_R_sum.fits —8]x
. . . - . 5 3 i}
—-. & : R N ¢ . 2
| 4 : il - - v
. 32 Size: 4107 x 4103 Span: 0 ... 1376235 Stretch: 7758 .. 122350 Zoom: 1:4

Image windows can overlap, but they cannot be moved outside the SIPS workspace. Image windows can be
arranged using command buttozascade windowsTile verticallyand Tile horizontallyin the View ribbon.
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= SIPS = a X

j File i‘ View || Edit || Transform Devnces Tools H Settlngs Help

D Show center cross % Cascade windows '; Switch skin : % gx FI E ﬁ g ﬂ

Black & White ~| []] Tile vertically 3 Define palettes
Images S reosmsmr H|stogram Image Calibrate Image FITS Image  Gradient Blmk Stack Stac(

[ vl - (o33 3
inTabs '] 5 Tile horizontally [i;!“ Show pixel pop-up | &Stretch | | Info Math  Editor Profile Removal Images B/W  Colol

- C.\FITS\10(M31)\sum\M31 R_sumfits — O CAFITSVIO (M31)\sum\M31G.sumfits

]
ﬁ*" R B

=IO x| | O c\RTS\I0 (M3\sum\M31 B_sumifits | — O X

{111
(1T}

111l | ] | <] : I | >

. 32 Size: 4107 x 4103 Span: 0.. 1376235 l 32 Size: 4106 x 4103 Span: 0.. 1376235 l 32 Size: 4103 x 4100 Span: 0.. 1376235

14 i

Remark:

Imagelists (described in the separate chapt8iPS Imagkisty are also represented by windows inside SIPS
workspace, so their windows are arranged together with image windows.

1 Images can be displayed in a tabbed pane, covering entire SIPS workspace. This means only one image is visik
at a time. Different images are displayed when their appropriate tab is selected.

| File || View || Edit || Transform ‘ Devnces H Tools | Settmgs “ Help

[ E Show center cross | Cascade 5 ’J Switch skin j § FI g} % g ﬂ
[ X,
‘ D Black & White v e vertica 3y Define palettes = g /—sl

0 | A P i H|stogram Image Calibrate Image FITS Image Gradient Bhnk Stack  Stacl
\ inTabs | ! 1§ Show pixel pop-up &Stretch | Info Math  Editor Profile Removal Images B/W  Colo|

CA.AM31 B_sumifits % | Ci\.. fi sumfits |

4 1 »

. 32 Size: 4103 x 4100 Span: 0... 1376235 Stretch: 2885..51171  Zoom: 1:4

Switching between these two modes can be performed usimgges in Tabsommand button in theView ribbon. If
images are displayed in individual windows, any attempt to maximize any window (be it from window menu or by

23



clicking the maximize button or doubtdicking the window title) switches SIPS workspace to tabbed mode. However,
switching back from tabbed mode to window mode is possible only by clicking ohtges in Tabtool.

’EH View ”m” Transferm |
D Show center cross % Cascade windows g Switch skin

Black & White j :l] Tile vertically :\.,';. Define palettes
Images

in Tabs ] E Tile horizontally [{ﬁ' Show pixel pop-up

Remark:

Tabbed mode is available only for image windows. Imsgeindows 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:

I 16 Size: 3083 x 3088 Span: 178 .. 857 Stretch: 411 .. 1683 Zoom: 1:3
Image window status bar contains several information fields:

1 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 Uit images, 32 for 3bit 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.

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

= =4 —a -9

Opening and Saving Images

3

Open...
Images can be opened L, tool or by pressingCtrO>. Open dialog also opens after the debliek 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.

& v 4 » ThisPC » Local Disk (C3) » FITS » 05(M42) » v B O Search 05 (M42)

Organize v Mew folder = 1 @
| Pictures ~ [ MName Date modified Type Size "
B videos [ M42_15_Red_0027 fits 13.12.2015 18:37 FITS File 32
i Local Disk (C2) [] M42_15_Red_0030fits 13.12.2015 18:37 FITS File 3277

SWinREAgent | vt Bhre- BB fits— 13.12.2015 18:37 FITS File 32772 KB
|| M42_Blue_D0DS fits 13.12.2015 18:37 FITS File 32 772 KB
AMD L
[ [| M42_Blue_0008 fits 13.12,2015 18:38 FITS File 32 772 KB
Backup .
bt [ || M42_Blue 0011 fits 13.12,2015 18:36 FITS File 32 772 KB
ot [ || M42_Blue 0014 fits 13.12,2015 18:36 FITS File 32 772 KB
t -+
stalogs [ [ M42_Blue_0017 its 13.12.2015 18:36 FITS File 32772 KB
Data [ || M42_Blue 0020 fits 13.12,2015 18:36 FITS File 32 772 KB
FITS || M42_Blue_0023 its 13.12,2015 18:36 FITS File 32772 KB
03 (M43) [] M42_Green_001 fits 13.12,2015 18:36 FITS File 32772KB
05 (M42) |j M42_Green_0004.fits 13.12.2015 1&:36 FITS File I2TIZKB
ong e [7] M42_Green_n007 fits 13.12,2015 18:36 FITS File RTZKB v
File name: | "M42_Blue_0002.fits" "M42_Blue_0003 fits” "M42_Blue_0D0.fits" "M42_Blue 0011 fits" "M42_Bl v| FITS files (*fits, *fit, *.fts) v
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The dropdown 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 savid save

or A svers. | 160] or by pressingCtri>+<S>. The default file extensionfiss , although extensiondit  or .fts
can also be used.

ThelZ) Cleseimsges. 60 closes all opened images. It checks if all images are saved and displays warning if there is at last
one unsaved image:

At last one image is modified and not saved.
9 Closing it may cause loss of data.
~ Do you want to close it anyway?

Yes Mo

Hint:

Images can be also dragged from Windows Expkmdrdroppedo 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, the
are not suitable for storing of astronomical images. On the other side, only a few specialized programs understand FITS
format. FITS cannot bdisplayed in web browsers, image viewers, imported into documents etc. (FITS impemplug

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 (1
F2NXIFGa -080 OFeNBRGa§> 06SOI dza S i K 8Bt numbez, MIBwing 56 fevel® rf 2 NJ
each component). ThExport to 8bit button is located in thd=ileribbon. Desired format is defined by the file name
SEGSy&aArzy O6F2NI AyaidlyO0S aoalidé 2N &Ll 3 éboxand eazheliley | f
name without extension. The resulting igawill 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 transfornol82-bit image to 8 bits dynamic range.

So, not only the imaglerightness will be stored the same way it is displayed on the screen, but also possiblmfatse
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 informati@xported 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 wethebattual photometric
information is damaged.

Two general image formatsTIFF and PNiGcan also support storing images with 16 bits per color channelExpert
to 16-bit button in theFileribbon allows exporting of 16it 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 itid TBF or PNG, only -b&

16 =
images can be exported. 3#it images must be converted to 486t ones using the33 18%32b1% | 115 in the File ribbon
prior to exporting them to 16it TIFF or PNG.

Changing pixel dynamic range from 32 to 16 bits, when there are some pixels exceediitglith® (65,535),
unavoidably discards information. SIPS offers two ways to reduce image dynamic range:
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1 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 bpixels.

1 Sometimes only some bright stars exceedblitrange 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.

Some pixels exceed 16-bit

@ Scale all pixels to fit 16-bit range
) Cutoff pixels greater than 65335

Raw Image Import
SIPS natively works with standard FITS file format. Other image formats ¢bathe®id 16bits 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:

CKS aNIr g TFT2NX¥IGE A& 2F0GSy dzaSR o0& &adGAtf OF YSNI YI ydzFl O
directly from the camera sensor, but withoablorsreconstructed from Bayer color mask and often with higher

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

from the camera.

'Yy F2Nldzy 6Stex GKS FOddzZf F2N¥YIFG 2F aGd2NBR RFEGE Ay aN>
RAFFSNBY (G F2NXIG&0 FYyR 2F0Sy S@Sy aiay3atsS O02YLIlye AYyGNBR
What ismore, such formats are often not documented, particular camera manufacturer does not allow other
companies to use it but through supplied libraries etc.

The SIPBnport raw function does not concern above mentioned formats, but only pure data matrices without any
header, stored in files.

Import RAW image x

Width: 1024

Height: 1024 .

P e

Byte orderr @ Little-Endian
#) Big-Endian

Data size: 4194304

File size: 2882

Cancel

As the image header is missing, number of parametaust 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 forntat of eac
pixelt SIPS allows selection from 8, 16 aneb&Xigned and unsigned integers and alseb®&Xloating-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. Thport RAW Imagelialog box shows the calculated expected number of
bytesandthe 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 image
pressing the right mouse button changes the mouse cursor to the shape of hand:
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< ; il : > |
. 16  Size: 4096 x 4096 Span: 1242 .. 65535

Pressing right mouse button shows a hastthped cursor, which allows dragging of image visible portion. When the
KFIyR aK2f Raé¢ GKS AYIFASTI Y2@Ay3a (GKS Y2dzaS 6AGK GKS NA
image.

There is a slider in th&iew ribbon —— , Which can be used to change the image zoom from 1:8 (eight
times smaller) to 8:1 (eigHtmes larger).

Mouse wheel can be also usingdasily zoorrin and out the selected imageas vell as to scrd visible portion:

1 Rolling the mouse whee@lithout pressing any modifier key®oms the image
1 Holding the <Ct> key whilerollingthe mouse wheesaollsthe image vertically.
I Holding the <Shift> key while rolling the mouse whssblls the image horizontally.

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

1 Put two fingers on the computer tougbad and move them towards each other (pinch). Image will zoom
(shrinks).
1 Move two fingers away from each other, image will zoom in (enlarges).

T CAFITS\BSO\M31_R_med.fits

T CAFITS\BSO\M31_R_med.fits —O(x| | O3 c\FITS\BSO\M31_R_medfits

{111}

Kl I I | > < I )
. 16 Size: 4107 x 4103 Span: 126 .. 65535 1 16 Size: 4107 x 4103 Span: 126 .. 65535 16 Size: 4107 x 4103 Span: 126 .. 65535

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 ifthasformribbon. On the other hand, if you
export image to some commortdit image format (e.g. PNG or JPEG), the current visual image zoom will be used
to create exported image.

Handlingzoomof large (4k+) images
Maximum size of Windows USER objed{indowsGU) as well as GDI (Graphics Device Interface) bitmaps is historically
limited to 32767 pixelémaximum value of 1-8it integer) This seems large enough even today, as the higtesstiution
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monitors are far from this dimension. But if yoansiderfor instance C&ac nnn OF YSNI = LINRPRdzOAYy 3 nn
and zoom the image-8mes, resulting size is 32768 pixels, 1 pixel more than the abe@ioned limit. C3cameras

GAGK dzLd G2 dpNe /B ©d WS NIIRE $fAdl K desdlutioBproduceinmges éxceddgthep ¢ LIA E S
32767 pixels limit when zoomed oryor 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 issu&IPS calculates the maximum zoom value for every image loaded from file or read from camera,
depending on image dimensioréthe greaterimage dimensiorfwidth or depth)is less than 4096 pixelsiaximal zoom

is set to & If the image dimension is greater or equal to 409& maximal available zoom is limited (less thdd ®
displaysuch images correctly

Pixelvalues

Value of the pixel under mouse cursor is displayed inlthege Infotool (providing the tool window is opened, of
course). But thdmage Infotool allows displaying of the mouse cursor coordinates and pixel value in the transparent
pop-up window close to the mouse cursor. Just check $iew pixel popup checkbox A semitransparent window
appears if the mouse is on some image window.

3 C\FITS\BSO\M31_R_med.fits =] B3

. 16 Size: 4107 x 4103 Span: 126 .. 65335

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

Colorpalettes

Images are displayed in the black amdite 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 igxpressedy the level of gray.

But the color palette can be changed using the corbba in theView ribbon. Some astronomers prefer negative look
2F AYF3ASAa FyR a2YSdiAYSa Al Oly o0S dzaSTdzZ G2 RAALI L& AYL:
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[ C\FITS\BSO\M31_R_medfits =13

11

< T )
16 Size: 4107 x 4103 Span: 126 .. 65535

1 C\FITS\BSO\M31_R_med.fits

4 111 > |

16 Size: 4107 x 4103 Span: 126 .. 65335

Kl

16 Size: 4107 x 4103 Span: 126 .. 65335
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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 imageshittintage
formats. Exported images will have the same colsisnages 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 addpesgfic palettes to the predefined ones.
Palettes are handled using the dialog box, opened b tool in the View ribbon.
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Caolor Palette Definition x

Black & White “| |77 Open palette
Megative

Might Visicn "3 Append palette
SpectrumBW

Black Red White
Black Yellow White
Black Green White
Black Cyan White
Black Blue White
Black Magenta White

[

0 - 255

Any palette can bepdated,or new ones can be added or inserted into list. It is almost impossible to define the palette

=

Add entry
Insert entry

elete entry

)| |0 | ¥ ||V || @ | BB | B

= | = I:ulglalga
2 s 5
A
£ E

..l Rename entry

I | —

<
)
2
m

one color after another, so th€olor Palette Definitiordialog box provides the interpolation (ramping) t.

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 caloit depends on which is more on the left side left and which is more on the right
side.

¢CKS | Oldzlt O2ft2NRZ 0SG6SSYy S6KAOK 2GKSNJ O2t2N&E | NB AydSNL
Color Palette Tool window. Color Well is a GUI control displaying selected color. Clicking to Color Well opens the Color
Definition dialogoox, which allows changing of the Color Well color.

[Black & White

Negative

Might Vision " Append palette
Spectrum —

SpectrumBW Color Definition

Black Red White
Black Yellow White
Black Green White
Black Cyan White
Black Blue White Red 255

Color Cube
Black Magenta Whit

=

™

i Green 161 :I
# ul

i Blue 58 :I

Color

¢tKS F2ftft26Ay3 SEFYLXS RSY2yaidNriSa FRRAy3a 2F ySg 4.t Of
monochrome images on the web:

1. Append new palette entry using t button. The new entry is filled with the grayscale palette
FYR yIFYSR aySg SyiaNeBé¢ o6& RSTFLdzZ Go

2. WSYFYS GKS AGSY (2 &, fllbmmeny 3 oaes 2 kAGSE daAy3d (KS

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 color
orange components are R = 255, G = 128, B = 0). Clickihgeahmolate buttont the 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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Color Palette Definition *

Night Vision +] [~ Open palette
Spectrum
SpectrumBW 3 Append palette
Black Red White
B Save palette
Save palette As

Black Yellow White
Black Green White
@ Restore dafault

Black Cyan White
Black Blue White
Black Magenta White
Saturation

[Black Orange White el ddicntyy

5. |nsert entry

T Delete entry

I [.] Rename entry
o N 127

4. Keep the upper slider on its position and move the bottom slider to the #ighst position. The desired color

+ Cloze

(white) needs not to be defined; the rigimhost color already is white. Just click the Interpolate bu.
The palette entry will look like this:

Color Palette Definition *

Night Vision '+ [~ 0pen palette
Spectrum
SpectrumBW 3 Append palette
Black Red White
Black Vellow White
Black Green White
Black Cyan White
Black Blue White
Black Magenta White
Saturation

[Black Orange White

! ..| Rename entry

127 255  Close

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 th tool. SIPS will load the last used palette file on next startup.

S Restore dafault

=

|5 e || [ | B B
alla|l2 T
C ATl 1616

E

Hint:

SIPS allow to store palettes in multiple files. Last palette file opened iCtha Palette Definitiondialog box is
loaded upon SIPS startup.

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

Displaying therossoverimagecenter
Checking of th tool in the Viewribbon shows the cross over every displayed image center. The cross
does not alter imageata; it is only displayed.

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

1  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.
1 While aligning the mount to sky, displayed cross enables precise centering of the star in the field of view.

Alteringimages

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 usi tool. The dialog for choosing the
desired pixel value is opened prior to fill operation:

Fill selected area *

WARNIMG: filling of selected
area will destroy eriginal image

Fill selected area
contents.

WARNING: filling of selected Red value: ] il
area will destroy eriginal image

contents. Green value: 0 il
Pixel value: ] :l Blue value: ] il
| ok || cameal ||| ok || cancal

The crop too allows cuttingoff imagebordersoutside 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.
™ CAFITS\BSO\M31_R_med.fits - O x

< | o
l 16 Size: 4107 x 4103 Span: 126 .. 63535

Hint:

If the pixel popup 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 draggingwhe G KS NX3IA2y ¢l a aStSOGSROU® az2dzaS OdzNE2NJ LI2AY
O2NYSNE (2 AYRAOIGS LINBaaAy3d tSTihG Y2dzaS o6dzid2y FyR RNJ 3

The whole image can be also selected by pressiig>+<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 usi tool or by pressing theCtrb>+<C>.

There is also a possibility to cut the portion from the image into clipboard usin tool or by pressing the
<Ctrk+<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 utool or
by pressing theCtrb+<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 & (cursor keys move the portion by one pixel, holding<ttgrb key speeds the
movement to 8 pixels per cursor key press).
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™ CAFITS\BSO\M31_R_med.fits i =]

. 16 Size: 4107 x 4103 Span: 126 .. 65335

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.

Clipboardoperations can also be used to create niemages New empty image can be created tool in
the Fileribbon or by pressingCtrb+<N>. A dialog box appears:

Create new image

Width: 192 =
Height: 160 =
@ 16-bit [7] Color (RGB)
F 32-bit

| QK | | Cancel |

It is possible to choose new imadinensions 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 diMédgions (
andDepth) 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<Ctrb+<V> or licking th 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 alsc
possible to paste monochrome image into color omaonochrome 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 displaselated settings (image stretch, zoom, color palette), transformations are performed directly on
the pixel matrices, they affect the information stored images. Transformation commands are available in the
Transformribbon.

Transform
% 90" right . 1 . BinX: 2 ~- Binni ethod: Res. X: 2 =
o> 90 sight | 11 A Horizontal B o = =
= 1800 BinY: 2 il Average, keep bits j Res.V: 2 il
il .
‘j_"l 907 Ieft ‘, Rotate = Vertical 2= Binning [7] Keep saturated pixels _Zr Resample
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Rightangle rotation

Basic image rotation by a multiply of@90cright andleft and180c 0  2-grfarges¥ikels. 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 cametmted rotated or to get the same axis
orientation after the tube swap when the German equatorial mount crosses meritigc( N2 G F GA2y 0 SGO®

Mirroring (flipping)
Mirroring, like rightangle rotation, also do not alter image pixels at all, only arrange them differently. Mirroring can be
applied e.g. when some optical element flips imagenfth mirror or prism).

Arbitrary angle rotation

Image rotation by arbitrary angle (not a multiply of @0 A a KI yRf SR deactafr@didhynévitably o6 SOl d:
updates pixel values (rotation must work with spixel precision). Still, the transformation is designed to preserve all

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

Soft binning

Soft binning shrink the image by addingr averagingneighboring pixelsScales in both axes can be defined
independently. Soft binning can be used e.g. when the used camera does not support binning in haBdwveven if
the driver supports binning in cameriacan be very useful even when thieedcamera allows hardware binning, but it
is desired to maintain as high dynamic range of the binned image as possible.

TheBinning methodcombobox allows to select how pixels aoened

1 Sum binned pixels into it resulting image.
1 Sumpixels butkeep the current image dynamic range {46 or 32-bit).
1 Average pixels. Averaging always keeps the current image dynamic rangié ¢t@2-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-b& dynamic resolution, the negative side of binning is limiting of the sensor dynamic

NI yaSsz & F2NI AyaidlyOS 2yt e&runo 062AFY yYI RE ALYADEYS t GiK NS SR &4 yi 25 80 Kil
CCDs eliminate this effect to soregtentby 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 availali&OS detectors.

Remark:

CMOS sensors with less thartdié precision often just add binned pixels to fulfil the available resolution €il6
pixels. For instance, camera with-bR2 dynamic range can sum up t&4tpixels and still the resulting binned pixels
will not overflow the 16bit range.

In theory, the resulting S/N ratio of binned pixel remains the saegardless oiff we add or average thenhet ustake
forexample2RH O0AYYAY3Y

1 Ifwe add 4 pixels, signal increasetimMes and noiséncrease2-timest three additive operations increase noise

by Wg M . Resulting S/N increasgdimes butonly until the sum of all pixels is lower than the pixel

capacity
1 If we average 4 pixels, signal remains g@ne,6 dzi GKS y2AasS Aa f26SNBR (2 oy

i
. Resulting S/N also increaseimes butonly until the noise decreases to lowest possibleitlof

dynamic range
Until the camera read noisis above DU, halvingiti@PH oAy YAy 3a Y2RS adAiatft {(SSLla GKS
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 niogortant than possible S/Nmitations caused
by underflow of read noise.
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If weconsiderthat 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, fobitGamera averaging pixels tise better way to bin pixels
compared to just adding them.

The software binning brings one maguessibility to bin pixels adds pixels, but at the same tinsenverting the resulting
image from16-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-Entedigger images.

Saturated pixels within bright stars are no issue for aesthetic gstaiography, 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. Softwar performing photometry (e.g. the SIP&otometry 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 saturatgdept forall 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 detectgutdgessingoftware due to binning.

TheKeep saturated pixelsheckboxcauses theesulting binned pixel is set to saturation value if any of the source pixels
is saturated. For aesthetic astphotography,unchecking this optiogould result into slightly better representation of
bright star images, but for research applications, thption should always behecked

Resampling (enlarging)

Resampling scales can be set independently in both axes. SIPS implements bilinear resampling, which means pixel valu
are linearly interpolated from neighboring pixels. This method provides smoother images than simply enraging of each
pixel, which methods 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 angulaesolution. 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

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

Schematic diagram of color filters applied on individual piaetsdisplayed above. Notice there ateo 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 isBalfed maslkand the process of calculation
of missing color is callddebayerprocessing.

Commands related to Debayer processang inthe Debayerribbon.
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Debayer

% [7] Bayer mask odd in X
["] Bayer mask edd in ¥
DeBayer
Method:  Multi-pass hd

Hint:

Asmost 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, rditk the space with tab names above ribbons
(providing ribbons are grouped in top container) and select the Debayer item from thepapenu.

SeeAppendix A: SIPS user interfater details about ribbon handling.

There are several algorithms for calculating missing color components of individuat gincgfssimply 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.

¢KS . Fe8SNJ YLF&al OFly o6S3aAay 6AGK LIAESE 2F lyeé 2F (G(KS F2dzNJ
there are no rules specifying the color of the first pixel principle there can be blue or green pixel from the blue
green line on the uppeleft corner, as well as green or red pixel from the greed line.

There is navayto determine the Bayer mask organization from the image. This is whBalgerribbon provides two
checkboxs calledBayer mask odd in AndBayer mask odd in . YCombination of theseheckboxs allows specification
of Bayer mask organization on the particular sensor.

Hint:

State ofBayer mask odd in #nd Bayer mask odd in ¥heckboxs 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 tethoamera.

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 thgayer mask odd in dnd Bayer mask odd in ¥heck boxes must be altered when any
geometric transformations are applied to the raw image (e.g. mirroring, +agigie rotation, etc.). Some
transformations (e.g. soft binning, resampling, arbitrary rotation) cannot be performed on raw images as allwkys
better to Debayer images first and process them later.

Also note thatstacking-aw color images results in loss of color information. Stacking algorithms align ineggedless
of if the particular pixel is red, green or blue. SIPS stacking is alwaysx&lowhich can mix pixels of different colors.
Images must be Debayer processed first and then stacked.

SIPS supports simple bilinear and complex npalis methods of Debayer processing. Refer to Advanced reconstruction
of color information of singlshot-color cameras chapter for detailed description.
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SIPS Imagddsts

As already stated in the introduction to SIPS, iméige containsreferences to images. The primary purpose of
introducing imagdistsis to enable easy manipulation of multiple images at once. Instead of performing an operation
on all images saved in specifitmder and/or on all images saved under certain name, operations on multiple images
are performed odistsin SIPS.

Every image existing within SIPS hagference counter. This counter is incremented when the particular image is
displayed or when the image is inserted idist. If the image window or imagkst is closed, reference counter of
image(s) is decremented, and the image is destroyed only if the reference counter reachestheraséifor instance
closesimage window with unsaved image and the same image is also part of some listagething happers only
image reference counter is decremented, SIFBk&teps the particular image in memory. Doubleking the image in
the list opens image window (and increments image reference counter again).

Newlist can be created by pressing t button in theFileribbon or by pressing theCtrb+<L> keys. Single
list can be closed as any other window, all opeflistscan be closed bglickingthe button.

Imagelistsare always displayed dist windows in SIPS. The window contains tools to add and remove images, but the
main part of the imagdist window displays list of images. If an image is visible (opened in some window), its name is
preceded by small icon of window. Douldkcking the image name in the list box shows the image (opens image
window). If the image is already opened, it pops abother image/imagdist windows.

B List [1] O x
A= MA L %
M C\AM45_Blue 0002 fits | 4

Ch M43 _Blue_0005.fits
Ch.AM4A3_Blue_ 0008 fits
T CALAM4S_Blue 0011 fits
Ch\..AM45_Blue_0014.fits
Ch.\AM4A5_Blue 0017 fits
C:\...\M45_Blue_0020.fits

C\.\M45_Blue_0023.fits

C.AM4A3_Blue_0026.fits

Ch..\M45_Blue_0029 fits

ChG M43 _Blue 0032 fits

G AMAS_Blue_0035.fits B
N \M45_Blue_0038fits

M45_Blue_0041 fits
Ch.AM4A3_Blue 0044 fits ﬂ

ltems: 19 Opened: 3 A

Handlindist contents
Everylist window offers several tools to manipulate its contents:

Add images from disk
Standardopen dialog appears and allows choosing files to be added tdighis
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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« v »> ThisPC » Local Disk (C:) » FITS » 05(M42) » v O O Search 05 (M42)
Organize + New folder =~ I @
[&] Pictures * [ Mame Date modified Type Size "
B videos [7] M42_15_Red_0027 fits 13.12.2015 18:37 FITS File 32772KB
‘i Local Disk (C) [7] M42_15_Red_0030 fits 13.12.2015 18:37 FITS File 32772KB
n ent ] - Z n il 237 ile L
SWinREAg i 13.12.2015 18:37 FITS Fil 32 TTIKB
AMD |l M42_Blue_0005 fits 13.12.2015 18:37 FITS File 32772KB
Backup ||| M42_Blue_0008 fits 13.12.2015 18:38 FITS File 32772 KB
buft [ ]| M42_Blue 0011 fits 13.12.2015 18:36 FITS File 32772 KB
|l M42_Blue 0014 fits 13.12.2015 18:36 FITS File 32772 KB
Catal
atalegs | || M42_Blue 0017 fits 13.12.201518:36 FITS File 32772KB
Data ||| M42_Blue 0020 fits 13.12.2015 18:36 FITS File 32772 KB
FITS M42_Blue 0023 fits 13.12.201518:36 FITS File 32772 KB
03 (M43) [ M42_Green_0001 fits 13.12.2015 18:36 FITS File 32772KB
05 (M42) [ M42_Green_0004fits 13.12.2015 18:36 FITS File 32TTIKEB
pna v [] M42_Green_0007 fits 13.12.2015 18:36 FITS File BPIKE
File name: | "M42_Blue_DDDZ fits" "M42_Blue_0D05 fits" "M42_Blue_0003.fits" "M42_Blue D011 fits" "M42_BI v| FITS files (*fits, *fit, *.fts) v

It is also possible to drag file or multiple files from Windows Explorer and drop them on the Lisagandow. 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 ifistge

Add already opened images

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

Choose from opened images

\M45_Blue_0002.fits
CA.AMA5_Blue 0005.fits
.. AM45_Blue_0008.fits
C\ AMAS_Blue_0011.fits
CL AMAS_Blue 0014.fits
Ch.AMAS_Blue_0017 fits
Ch AMA45_Blue 0020.fits
CA.AMA5_Blue 0023 fits
Ci\..\M45_Blue_D026 fits

C\..\M45_Blue_0029.fits
Ch AM45_Blue 0032 fits
Ch. AMA5_Blue_0035.fits
C\. AM45_Blue 0038 fits ﬂ

| All ||ﬂone|| oK ||(_:ancei|

This dialog box allows selecting (and thus adding to iniajeof multiple images at once.

Various image processing tasks often reqliseof 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 imadifering 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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Choose from opened images

Choose from opened images

wflat_Blue 0015 fits =
M flat_Blue 0016.fits
Mo flat_Blue 0017 fits
LAflat_Blue 0018 fits

\flat_Green_0 its
.Aflat_Halpha_0000.fits ﬂ

G\ Adark3_0000.fits
C:\dark5_0001.fits
i\ hdark3_D002.fits
C\dark5_0003.fits

Filter: Green j Time [g]: 40,000 5 j
| All ||ﬂane || oK ||gance|| | Al ||ﬂone || oK ||gance||

If the already opened images differ in both exposure time and filter, the pick list dialog box offers seledtioth of
parameters Still, selection can be done according to either filter or exposure or filter and exposure time. If the particular
parameter should be ignoredhen just choose the <ignore> option in the respective corbox:

Choose frem epened images

se frem opened images

C\.Aflat_Green_0013 fits ﬂ
G\ Aflat_Green_0014.fits
.Aflat_Halpha

Ci\.Adark200-20_0013 fits B
T\ Adark200-20_0014 fits
"\ \flat_Blue 0015 fits

“flat_Blue_0016.fits
Aflat_BI fits

\flat_Halpha

. Aflat_Halpha fi
G\ Aflat_NoFilter_0020.fits
ChAflat_MoFilker 0021 fits

C:\. A flat_MoFilter_0022 fits ﬂ A lat_Green 0012 fits ﬂ
Filter: Halpha j Filter: <ignore> j
Select Select
Time sk 50005 =] Tmelsk 50005 B
| All | | MNone | | oK | | gance|| | Al | | MNone | | oK | | gance||

Remove selected image(s) from thst

Currently selected imagar imagesare removed from thelist. Please notehe list window listbox allows multiple
items to be selectehll selected images are removed by this tdiddome of the selected images are modified (unsaved),
user is prompted to confirm discarding of changes.

Empty thdist (remove all images)

All images are removed from thist. If there modified (unsaved) images in th&t, users argprompted to confirm
discarding of changes.

Save all modified images

If the list contains any unsaved (modified) images, this command saves tineisk. If thee areimagesin thelist
not yet saved yetthere is notfile name assigned), thBave Adile dialog box appears asking to dse the folder and
file name for the particular image.

Save all images under differar@mes

Becausdist contains multiple images, SIPS opens dialog box, which allows choosing of the core file name and folder,
where all images should be saved.
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Save As all images in list x

File name: || |

Folder: ChbuffyFITS
[] Append date and time

Append filter

Append ordinal numbe g

[] Overwrite existing files

Image fermat FITS -

Processing:

Save List Images Cancel

The dialog boxrlso allows automatic creation of more complex names, created from the core name extended with:
1 Date and time date and time of the image exposure is converted to text and appended to the core name.
Flat_202101-10_2032-19.fits

This option is used only if the particular image contains information about exposure time.
1 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.
1 Ordinal number the index of the image in thigst. 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 filesif 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 uniquedilee for every image.
1 Overwrite existing filescheckboxcauses overwriting of files without questions if the newly created file name
corresponds to already existing file on the selected folder.
1 Image formatallows choosing if the imagesliat should be saved as FITS files (the default value) or exported
into some common file format PNG, PNG16, JPEG, BMP, TIFF or TIFF16.
The behavior varies according to selected format:
0 FITYust saves a copy of each image, including all headers. No information is lost in such case.
o0 8-bit image formats (PNG, JPEG, BMP, TIFF) behave exactly like single image export, which means
current stretch, zoom and color palettre used to create8-bit image.
0 16-bit PNG and TIFF export again acts like single imabé &8port, preserving the dynamic range of
16-bit FITS images, but loosing information in FITS headers.

Name thdist

LI Imagelists can be named to makiglentifying particularlist easier. For instance, we can create tligis, one for

dark frames and another for flat fields. Newly created imhgisg A £ f 0SS yIF YSR aLYlF3IS{SGi w2NRS
Ifwe namethefirsista 5+ NJ FNF YS&aé FyR (GKS aSO02yR 2yS acCtl i FASEtR&AE?
to appropriatelistthan tolistsy F YSR S®3¢ aLYF3IS{Si wn6é¢ IyR aLYIFI3AS{Si wps

Image List Name

Having particulalist named is also useful when using ‘2 FmLet | 0] in theFileribbon to locate imagéists
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Transform all images in thist

=
E‘]ﬁ Individual images can be transformed immediately when downloaded from the camera (sdéethemage
Transformdialog box, opened from th&ettingsribbon) or any time later usingommands located in th&ransform
ribbon. But transforming every image alist one by one is time consuming task. This is why imiatgin SIPS allow

applying of transformations to all images in ths.

Transformations are defined in the dialog box:

Transform all images in list x

[] Debayer images in list
[] Bayer mask odd in X
Bayer mask edd in ¥

Method: Multi-pass -

[] Cropimages in list

0 5 ¥y 0
w100 - h: 100
[] Soft bin images in list
SofthinX: 1 = ¥: 16 =

[] Flip images in list horinzontally
[T] Flip images in list vertically

[] Rotate images in list 907 right
["] Rotate images in list 180°

] Rotate images in list 907 left

[] Resample images in list

Resample: 1 =+ ¥: 16 =

Processing:

Checking of multipleheckboxs allowsmultiple transformations at once. Transformations are performed in the order
defined by the individual controls positioroperation 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 theptha SIPS Imagessubchapter Image
transformation. The only exception is the cropping operation, which is in the case of single image performed by the

B Crop tool located in theEditribbon, based on the selection frame.

Hint:

It is not necessary to define crop coordinates in the respective ebareés. If there is an image from thst opened
(not necessarily the first image in thist) and a frame is selected on the image, #he/, w and d count boxes are

filled with the selection frame coordinates upon tiieansform all images ifist dialog box opening.
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' = List[1]

C:\..\M45_Blue_0002 fits
C:\...\M45_Blue_0005 fits
C:\..\M45_Blue_0008 fits
CA\..\M45_Blue_0011 fits
C:\..\M45_Blue_0014 fits

= =1Es)

EoEE =12 imE

C:\..AM45_Blue_0017 fits

C:\...\M45_Blue_0020fits
C:\..\M45_Blue_0023 fits
C:\...\M45_Blue_0026.fits
C:\...\M45_Blue_0029 fits
C:\..\M45_Blue_0032 fits
C:\...\M45_Blue_0035 fits
C:\..\M45_Blue_0038 fits
C:\...\M45_Blue_0041.fits
C:\...\M45_Blue_0044 fits

Bl
1

Items: 19 Opened: 1

Transform all images in list

[”] Debayerimages in list
[T Bayer mask odd in X
[/ Bayer mask odd inY

Method: Multi-pass |

[T] Crop images in list

x 1290 = x 813

w2101 5 b 2641

" [] Soft bin images in list

Soft bin X: 1 B ¥v16

[T] Flip images in list horinzontally

[T] Flip images in list vertically

[T] Rotate images in list 90° right

Rotate images in list 180°
Rotate images in list 90° left

[T] Resample images in list

ResampleX: 1 =+ ¥: 16 -

Processing:

Transform List 17 Cancel

Transformations are performedn background,and the progress bar indicates the number of images already

transformed.Operationscan 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,

windows offer two tools to sort image according to its na 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 unmed 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.

{Sya2NJ OKI N OG4SNAT I A2y dzaAy3

Gt K242y ¢

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 evstateolid
detector (both CO and CMOS) purely on a series of uniform light images (flat fields). Even if particular manufacturer
does not publish key sensor parameters like conversion factoréAD¥, full well capacity in"er absolute read noise

in € RMS, analyzing series ddtffield images covering the sensor dynamic range and constructioglkesl Photon
Transfer Curve can reveal them.

SIPS imaglést windows have a tool butto, performing the sensor characterization. To work properly,listanust
containpairs of evenly illuminated imagesf 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-{fsarbe). Such suframe can be defined using count
box controls, or area can be framed on any image, opened fisthand the tool takes this area as sframe

dimensions.
42



Calculation oRead Noisaequires presence of a pair with zero exposure time (bias frames).

Full Well Capacitys 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 inlisie the maximal ADU value for saturation can be entered
manually (4095 for 1-bit cameras, 65535 for 18it cameras etc.) to calculate proper Full Well capacity.

Sensor Parameters *

Sensor parameters are calculated from "Photon Transfer
Curve", The set must contain pairs of evenly illuminated
ﬂ List [1] — O % images of the same exposure. No Dark nor Bias frames
should be subtracted! Exposure times are arbitrary,

-] E % ,ﬂ H ﬂ II %‘ ﬁ beside exposure must be the same for both images in

. : every pair. Mean values of pairs should cover the whole
G\ 12bit_0000.fits senzor dynamic range.

ChL N1 2bit_0007 fits

Images in pairs: 9
C:\..\12bit_DOD2 fits ) )
C\..\12bit_0003 fits single images: z
Ci\\12bit 0004 fits [ Limit calculation to frame
C:\...\12bit_0D05 fits Framex: 1742 | Framey: 1171
G\ \12bit_0006 fits = Frame w: 383 *~ Frameh: 335
G\ 12bit_D0O7 fits
Chh12kit_0008 fits Hint: Calculation could be limited e.g. te an equally
€1\ \12bit_0008 fits illuminated frame. Selected area on image opened from

set is used as frame dimensions.
ChL A 12bit 0010 fits

[ ch\.A12bit 0011 fits Gain [e-/ADU]: 2747

C:\..\12bit 0012 fits Calculation of Read Meise requires presence of a pair
C:\...\‘IZbit:DD‘Ilfits with zero exposure time (bias frames).

T\ A 12bit_0014fits = Read noise [ADU] RMS: 0.790
Read noise [e-] RMS: 2172
Items: 18 Opened: 1 Calculation of Full Well capacity requires presence of a

pair of saturated images.
Full well [ADU]: A094,000
Full well [e-]: 11248.050

Recalculate Close

Please keep on mind the sensor characteristics are calculated using statistical analysis, and thus results may slightly vau
depending on thdist of test images, their dynamic range, sfibme selected for analysis etc.

Imagelistusage in SIPS tools

It is possible to find reference to imalistsin various tools in SIPS. kwstance the Imagng cameraool, which handles
camera control like exposure, image download, chip temperature adjustments etc., offers three ways to handle image
downloaded from camerayou can open the image into new image window, same image to file and/or put image to
specifiedlist.

Here are somexamples ohow imagelistscan be used:

1 A series of dark frame images is read from camera to irfisg& he master dark frame is calculated as average
or median of thidist. It is not necessary to save images to files or to display them to create average of multiple
images.

1 Similarly, number of flat field images are acquired and put to another irfisig®aster flat field is calculated
as median of images in thist. As with dark frames, individual images need not be saved to disk files.

1 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 ithe Imadng cameratool and also stored into yet another imadjst. The wholdlist
then can be calibrated using previously created dark frame and flat field at once.

There are also SIPS tools, containing an iniagevhichmustbe filled with images prior to performing the respective
tool function. For instancahe Blink Imagedool sequentially shows aligned images, which were added to its implicit
list. Similarly Combine Imagetool stacks images from itést, Photometry tool calculates photometry of series of
images added to ithst etc.
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Remark:

Note that imagdistscannot be persistent in SIP$ is not possible to save imatjst to disk file and to load it later.
Thelist can refer to norpersistent image (image existing only in RAM) and $isbbannot 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 $aBkr instance, there is a tool for capturing images from camera, tool for image
blinking, tool for performing image math etc.

SIPS5UI organizes tosto two groups

1 One group contains tools intended fdata handling Tools from this group are typically used when processing
already captured images. They can be opened fronmTih@sribbon.

T2 x7EE (SSSEBE % w I

Histogram Image Calibrate Image FITS Image Remove  Blink  Stack Stack Create Astro- Photo- Program  WebSIPS
& Stretch Info Math  Editor Profile Gradient Images B/W  Color Color metry metry Editor Alpaca EQOSE

1 Another group contains toslfocusedto RS @A OS KIFyRf Ay3 o0O0FYSNI X FAE GSNI
tools can be opened from thBevicesibbon.

B & A JBE ¢ @3

Imaging Guiding Context Focuser Telescope Flaps Dome  Switches Weather  GPS
carmera  camera camera (Roof) station E Close

Tool windows handling

9OSNE (22f dzaSa AdGa 26y (22t GAYR26d ¢22f gAYyR24bist | NB
windows always live inside the main SIPS workspace, tool windows always float also above images dislsmage
Buttons in theDeviceand ToolsNA 6 6 2y a 2LISYy NBaLISOUGABS (i22f GAYRBegDd w.
corresponding tool windows remain opened. Each tool window is closed by clicking the-nigigeclosing button
(marked with H) in the window title.

NOoDEHyEE  ( SSESEE & « -

Histogram | Image Calibrate Image FITS Image Remove Blink Stack  Stack Create Astre- Photo- Program  WebSIPS
B4 Stretch Info Math  Editor Profile Gradient Images B/W  Celor  Color  metry  metry Editor Alpaca EGOSE

Histogram and Stretch

Low: 13107 |3 High: 131071 2 Autotyper  Starfield =] 'Y

Especially tool windows, controlling hardware devices, perform their functions only when offemweidstance, the
Imaging camerdool, controlling main imaging camera}losing such tool window also stops all performed operations
(closing thdmaging camerdool stops acquiring images, closing tBaidng cameréool stops guiding etc.). This is why

all tool windows alstavethe minimizing button (marked witgp 6 Ay G KS gAYy R2¢ GAGES Syl ¢
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 the performing their tasks.

When the tool window is hidden (by clicking on the minimizing button), the corresponding button in the command
NAOO2Y NBYIFIAya Ay GKS aLINBaaSRé¢ adGlaSz AyRAOFGAY3I (K
pressed command buttoshows the tool window again.

Clicking the already pressed ribbon buttehile the corresponding tool window is displayed (not minimized or hidden),
behaves differently depending on the tool windovpasition. If the tool windowis not on top, clicking its ribbon button
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moves it to the top position above all other tool windov@3nce the tool window is on top in thearder, clicking its
ribbon button hides (minimizes) it.

Remark

Here comes one important differendetweenSIPS v4 and previous versions. Tool windows are opened the same
way, only previous SIPS versiarganizedbuttons irto tool-bar, not irto 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 todbar button was an alternativeayto closeatool window.Such actioneither shows the hidden
window or has no effect if the window is already visilnle&SIPS vA4t is necessary to click the closing button in the
window title bar as the only way how to close it.

The right side of botioolsand Devicesribbon 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.

[77) Hide
E Show
E Close

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 thémthe same position.

It is possible to start SIPS with all settings, including tool window posiéind state, in the default state. It is necessary
to specify the command line parametélean when launching SIPS. See thenfiguration handling command line
parameterssub-chapter in the Introduction to SIPS.
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Data Handlingools

This chaptedescribesthe group of tools intended for handlingnd processing imageas well as tools intended to
provide programmatic control (scriptingkemote access to SIRE:.

U DEXvEBE | SESEEBE & w O

Histegram Image Calibrate Image FITS Image Remove Blink  Stack Stack Create Astro- Photo- Program  WebSIPS
8 Stretch Info Math  Editor Profile Gradient Images B/W  Color Color metry metry Editor Alpaca EGUSE

Histogram and Stretcldefines how to transform high dynamic range images (typically 12, 14-bit p8ecision) to 8
bit color depth shown of computer screen. This means how images appear on screen.

Image Infoshows basic information about selected image.

Calibratetool cansubtract dark frame and apply fldield correction either to single image or to whole list of images.
This tool also supports advanced calibration for eyegih sensors.

Image Mathprovides various mathematical operations on images vs. scalars, on images vs. images or on image lists etc
FITS Editotool allows to view and possibly update FITS headers in the text form.

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

Remove Gradientool is designed to model the image backgrowamt subtract it from the image, so the background
is flat.

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

Stack B/Wimages tool allows mutually align images in the tool implicit list and combine them to sum or median.
Stack Coloimages tool allows does the same, but for color FITS images.
Create Coloimage 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
createlight curves, save photometry reporgsc. This quite complex and powerful tool offers a lot of advanced features
like searching for variable stagghotometry tasks for repeated processing and many more.

Program Editortool is designed to create and run scripts written in the SIPS internal scripting language SPL (SIPS
Programming Language).

Web Servempublishes a RESTfull API for SIPS, which can be used to control SIPS from and remote client (for instanc
Python script). SIPS also contains client JavaScript application, which allows remote control of SIPS observing sessi
from any web browser.
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Histogram and Stretch

The Histogram and Stretchiool combines two functions in SIP& 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 and Stretch

o
-]

SR OMES

544 il High: a01 :l Auto type: Keep current j '; ) ';

4
ol

Histogram is a graphical representation of relative number of pixels with the same value in the image. The number of
pixels of particular value {goordinate) is represented by the height of the columrc@prdinate). For instance, the
image uniformly fikkd with pixels of value 100 has a very simple histogrgnst 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 1bit image and 32it images can have every pixel different (32 bits provide 4,294,967,296
combinations). Thiss 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 oB-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 colwsrdoes 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 performedinreal inieK SNB A& y2 ahYé 2NJ a! LILJX 8¢ odzidz2y
settings, but can be somewhat demanding for computer speed especially when displaying images with tens thousand
or evenhundredsthousand pixels.

The function of Histogram and Stretch tool is as follows:

1

Lowcount-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 countbox defines the high stretch limit. All pixels with values above this limit will appear white. This
countbox is coupled with the slider above the histogram profile.

Bits slider limits number of bitsisedfor histogram profile and for limits settings.

ExpLog slider defines the profile of the stretching curve. The default is linear, but it can be exporantial
logarithmic

TheAuto type combobox and AutoStretch buttonallows 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 cemozoAt the same time all ndywacquired or opened
images will be also stretched according to the Auto Scale Type cbmbuwalue.

The available rules are:

0

(o]

Full Scale minimal value will be 0 and maximal value 65,536 febitémages and 4,294,967,296 for
32-bit images.

Pixel Range minimal and maximal value will be set according to the minimal and maximal pixel in
the image.



0 Star Field minimal 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.

0 Galaxy values are calculated similarly to Star Field, but the maximal value is 5 times the image
standard deviation.

0 Nebular minimal 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 current newly downloaded image will be displayed in the same stretch values as the dyrrent
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 stigtarameters.

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 lighpolluted sky of suturban areas. Also, the camera itself generates some base level of counts
NB LINE a Sy (ivalye Phatographedsjusing classical films know it veryrviiaét image after a long exposure is not
black and white, but rather slightly darker gray and slightly lighter gray instead.

/ 2yaARSNI GKS AYF3AS 2F GKS a1l 2NBES |1 SIFRé FYyR acCftlYSég yS
range are only shrunk to 256 levels of gray on the computer screen, no details are visible, only the brightest stars
dominate the field:

™ CAFITS\20 (HH)\sum\HH_Red_med.fits — 3] =

I 16 Size: 4008 x 4101 Span: 213 .. 65535 Stretch: 213 .. 65535 Zoom: 1

The corresponding setting of the stretch limits are 213 ADU for lower limit and 65,635 ADU for upper limit:
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Histogram and Stretch — x

Exp 1 Bits
6 1651
4 15
2 14
=] 13
-2 12
-4 1
-6 10
Log u
Low: 213 il High: 65335 il Auto type: Pixel range j .; b &

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:

D CAFITS\30 (HH)\sum\HH_Red_med fits

16  Size: 4098 x 4101 Span: 213 .. 65535 Stretch: 788 .. 917 Zoom: 1:

The displayed image takes only valdesn 788 to 917 ADU.

Histogram and Stretch

Log u
Low: 738 ilﬂigh: 917 il Auto type: Pixel range j '} b &

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 & 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 prablen-linear stretching.




™ CAFITS\30 (HH)\sum\HH_Red_med.fits

16  Size: 4098 x 4101 Span: 213 .. 65535 Stretch: 788 .. 2047 Zoom: 1:

Nonrtlinear 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.

Histogram and Stretch = X
Exp ul Bits
6 16
4 15
2 12
0 13
-2 12

4 11Ea
] 10
Leg D
Low: 788 il High: 2047 il Auto type: Pixel range j ‘i IJ I)

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 sal 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 simylileenorstretching
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 origitl 3&bit data.

The only exception is exporting image tdi8 formats. In this case the newly created image in the chosen common
image format (JED ~ t bbBbghtens 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 combibmtages during export.

Histogram and Stretching of Color Imadpedancing Colors

Almost no astronomical image contains proportionally represented colors. Color intensity is affected by many factors

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

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 achieverealtral 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 dspace objects. For instance, consider the image of emission
nebula, dominated by dep-red hydrogen alpha lingsany 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.

) CAFITS\30 (HH)\png\HH fits

32 Size: 4099 x 4101 Span: 0.. 16776764 Stretch: 0.. 16776764  Zoom: 1:

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.

Histogram and Stretch = X
Exp il Bits
6 32
3 28

24
_2 20
-4 =
[S-6 12J
Log 4
o
Low. 6224 -] High: 27188 %] Autotype:  Pixelrange || | Auto Stretch | |§|¢|‘|
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Image Info

Thelmage Infotool provides statistical information about currently selected image and pixel information of the image
currently under mouse cursor.

Statistics of image:
HH_Red_med.fits
Minimum =213
Maximum = 65535
Difference = 65322
Mean = 837.657

Std. dev. = 786.674
Image type = OBJECT
Exposure [s] = 2400.000
Exp. time UT = 20:54:57.433
Exp. date UT = 2015-12-30
Sensor T[*C] = -34.980
Filter
Binning

1x1

Pixels of image:
HH_Red_med.fits
X coordinate = 4088
Y coordinate = 1700
Pixel value =799
Pixel RLA. = N/A
Pixel Dec. = N/A

Image statistics provides following information:

=

Minimumt value of lowest pixel in image

Maximunt value of highest pixels in image

Differenca difference between maximal and minimal value
Meart average of all pixels in image

Std. dewvt standard deviation (RMS) of pixel values

Image type type of image (OBJECT, DARK, FLAT, BIAS)
Exposure exposure time of image in seconds

Exp. time UT UT time of exposure begin

Exp. date UT UT date of exposure begin

SensorTG SYLISNI GdzNB 2F (G(KS aSyaz2zNJ Ay c/
Filtert name of filter used for exposure

= =4 =4 -4 —a & 8 _—a 9

=

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

1 X coordinate horizontal (x) coordinate of the mouse cursor

1 Y coordinate vertical (y) coordinate of the mouse cursor

1 Pixel value value of the pixel currently under mouse cursor

1 Pixel R.A. Right Ascension of the pixel currently under mouse cursor
1 Pixel Dea. Declination of the pixel currently under mouse cursor

Pixel value of color images is calculated as average ofgredn,and blue pixel under the mouse cursor. Values of
individual colors are displayed in the pixel pap window, describeih the Images within SIPS Workspachapter.

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

The displayed statistical informatida calculated from the whole image if no part of the image is selected (framed).
When a selection is active (see tB&PS Imageehapter), statistical information is calculated from the selected area
only. This can be useful for example when checking whether a star saturjatgsselect 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 inite Image Info tool.
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Calibraion

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 imagerdiser
calibration of images taken by dughin cameras, where resulting HDR image is created frorgéomwand higkgain
frames, is also supported.

Calibration = *

Subtract Dark Frame [] Use 2 (Hi/Lo-gain) Darks

Dark Frame image: Ch N _dark100-20.fits j

Lo-Gain (16b) Dark Frame:

Elat Field correction [] Use 2 (Hi/Lo-gain) Flats

@ UseFlat Field image:  CA.\_flat_MoFilter fits j

#) Subtract Image Median

[7] Immediately calibrate images read from camera
[] Calibrate "in situ" {do not create new images)
New calibrated image handling options
Open calibrated image in new window
[ Append calibrated image to image list
List of calibrated images:
[T] If eriginal image is saved, save calibrated image with original name + suffix

Destination foldern

File name suffix: Overwrite existing files
Image to be calibrated: Ch.ASgel_0000fits j
it e mlmias List [1] [~ ]

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 o
web sites. Image processing cdimeénate 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 (measurérightness, 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 decredsiagédt calibration. It is

almost necessary to perform calibratiavith 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 framesubtraction.
1 applyindflat 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 explaineldnination (or at last reduction) of thermal noise.
{Sya2NJ RFN] OdaNNByYydG Aa LINPLR2NIA2YyFf G2 GSYLISNI §dz2NSd ¢KS
architecture. The charge accumulated in pixels is also proportional to exposure time dgl@ent 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 temperattor 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 €D 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 rer 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
OF YSNI St SOiNRyAOa OFy {(1SSLI GKS aSyaz2NJ GSYLISNI (GdzNB 6 A (K
at the same temperature as ligithages.

Let us also note that taking dark frames requires closing of the mechanical shutieallgd 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 aperturéif 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 raniformlyt image 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 rifige 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 caut should be around 33,000 ADU for-tid 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 divisin 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 imag

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 telescopist 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
coveredby 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
120cfrom 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 éferent field. Performing a median combination eliminates possible star images from the flat
field.

It is important to consider the fact, that the skyightnesschanges quite rapidly during dust or dawn. This means the
mean value of a series of flats taken the sky differs among individual frames. This effect is more prominent with
longer exposure 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 amanegan values can eliminate the effect of median combination used to
create masteiflat image, a result of median combination would be virtually equal to the image taken in the middle of
the seriesas 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.

Histogram and Stretch

Exp Bits
& 1650
4 15
2 14
[0 13
-2 12
-4 1
-6 10
Log Al
ol
Low: 38211 il High: 39626 :l Auto type: Galaxy j ‘ j )

Histogram and Stretch

4
ul
Low: 33406 il High: 34871 :l Auto type: Galaxy j ‘ j )
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Histogram and Stretch — x
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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 mediambining the master flat image, it is very important to level the
mean values of indidual frames first.

Flat fields are images like normal light images, so do not forget to calibrate themaasiegpondinglark frames prior
to processing them into a mastéat 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 imagesaken 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.

1 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 dfie pixel vector and it is not important how bright it really is).
But median lacks the advantage of averagimgagine 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.

1 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 randomxtreme 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 image$or 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 i
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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j C:\FITS\test\darks\dark_0023.fits - O x 3 Image [0] * (mean of set) — |O] > j Image [1] * (median of set) —[|[Ef >

- - -
- - -
4 111 3 4 111} 3 Ll 111} 3

I 16 Size: 2184 x 1472 Span: 228 .. 58687 Strete! I 16 Size: 2184 x 1472 Span: 249 .. 58830 Stretc! I 16 Size: 2184 x 1472 Span: 245 .. 58870 Stretcl

The leftmost 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 fake hot pixel on the averaged imagae relic of another radiation event on another frame used for
averaging. The mediacombined dark frame on the fight perfectly represents the sensor noise pattern without any
random effect.

Dark frame subtractiom SIPS
The first textbox contains controls allowing dark frame subtraction. The-te title Subtract Dark Framéself is a
checkboxwhich allows switching dark frame subtraction on and off.

The dark frame can be selected from tbark Frame imageombao-box. Note this combdsox contains all currently
opened images (displayed in image windows and present in itstge

Although thelmage Math and Filtersool can be used to create median or average of multiple imagesC#tibration
tool provides direct way to perform these operatiangust clickthe Createbutton. The following dialog box appears:

Create Image x

@ Mean of image list

¥ Median of image list

¥ Mean of median half of image list
[¥/] Level image mean values

List of images:

List [1] A

Processing:

Create Image Cancel

Select image list and create new image as mean (average), mediagaoof median half of all images in the list.

Level image mean valuaheck 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 checketen we create master flat field imagédse the different mean value of
individual images can affect the median computati@m the other side, this option should remain-aghecked when
creating master dark frame.

Flat field correction SIPS

The second texbox contains controls allowing applying of flat field. The 4@xx title Flat Field Correctioritself is a
checkboxwhich allows switching on and off.

SIPS offers two ways of flat field corrections:

1 With an actualmasterflat fieldimage
1 With an artificial flatfield image, calculateds median of a box surrounding each pixel

The method is selected by two radimittons, acting also as labels for controls related to particular method.
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Using masteflat image

The flat fieldmagecan be selected from thegseFlat Fieldcombobox. Note this combdbox contains all opened images
(displayed in image windows and present in image sétsp, he flat field image can bmstantaneouslycreatedthe
same way like théark frame image from multiple images in thigt asan average or mediafusing theCreatebutton

to the right of the flat frame selection comHmox).

Using artificial (box median) masfat image

If the flat field is not available and still thight imagesare 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 s@roundin
evelry 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 casenéugan is not calculated from
corresponding pixels on multiple images, but from a box of pigelspunding 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 operatbn eliminates these pixels.

The box size for median calculation is a parameter entered iRRtBusparameter. It is also possible to add a constant
Offsetto every pixel.

Note the same operation (calculation a median from a box of pixels) is availablelmabe Math and Filtersool. 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 tirdemanding operation. Using a fast PC with many processor cores
significantly speeds up the calibration.

A note about (not) using Bias images for calibration

First, letus emphasize that the still occasionally used method of dark frame calibration, including subtracting of bias
frames from both dark and lightnages,and only then subtracting of results, cannot be used with CMOS sensors, as
iKSasS aSyaz2Nan | OGA@Ste | R2dzald GKS al SNee¢ 2FFasSi G2 1S

Remark:

This is also the reasamhy the methods used to measure the dark current of CCD sensors fail if applied to CMOS
sensors, producing nonsense values.

SAGARAY3I GKS RIN] FTNAYZEAVNE YEGA 63 & AR SARIYMNE 1 dzZE S&RE (¢
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 gradents etc.

So, using biases during calibration in fact replaces the very simple operation:
Calibrated= Raw Dark
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
mediancombine them into anaster 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 theuk 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 reedidme

them. Resulting master dark franfier flats should be subtracted from each flat image prior me mediambining

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 duagjain camera images

This chapter concerns calibration of images acquired with CMOS sensors employingADZs (Analog to Digital
Converters) only, but using two sets of ADCs inside the sensor, each capable to digitize the image with diffarent gain
one set of ADCs uses layain channel, while the second set uses kigim channel (for instance the GSENSE4040
sensors, used in the €46000 cameras). Both 4t outputs are read in parallel for every exposure and can be combined
into single image withrtie 16bit dynamic rangdsuch combined image is often called-4i6 HDR for High Dynamic
Range).

16-bit HDR images, created from two-biz ones, are virtually indistinguishable from the true-ii ones. Differences
between HDR combined image and true-Wi6 image in both visual appearance (appreciated in aesthetic astro
photography) and informatiocontents (important for research application) are beyond divergences caused by other
sources.

But the fact, that every pixel of the resulting-b HDR image originates either from highin frame ois a transformed

low-gain frame pixel, poses a problem for proper image calibrato®K. Sy | O@ § judt takidtyPsbit BIBR dark

and 16bit HDR flat and applying the to 46t HDR lightimageA & ¥Fdzy Rl YSy GlFftt & FflFgSRd Ly Tl
do more harm than good for image quality.

But let us start witha brief introduction of aralgorithm used to combine loygain and higkgain images into HDR one.

HDR image construction
Algorithm used to create a #6it HDR image is quite straightforward. The following steps are performed for every pixel:

1. If the high-gainimage pixels less or equato a definedthreshold, the highgain pixel is moved to resulting
image without any changes. The corresponding-gin image pixel is not used, as the hggin one has much
better S/N ratio.

2. Else the higkgain image pixel iabove the threshold the low-gainimage pixel isransformedto correspond
to the highgain image gain and offset and then it is put into resulting image. Transformation enlarges the low
gain pixel value from the @ 4095 range to full @ 65535 range. The corresponding higain image pixel is
not used.

The algorithm written in pseudoode would be:

for x=0 to ImageWidth - 1 do
for y=0 to ImageDepth - 1 do

if HiGainlmage[ x, y ] <= Threshold then
Resultimage[ x, y ] = HiGainlmage[ x, y ];
else
Resultimage[ x, y ] = Transform( LoGainimage[ x, y ] );
end_if ;
end_for ;
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end_for ;

The value ofThresholdis arbitrary set somewhere close to the upper limit of theliPimage dynamic rangd-or
instance, theC416000 drivers use Threshold equal3600. 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.

TheTransformfunction coefficients slightly vary among individual sensors. The differences are rather minor, but every
C416000 camera undergoes individual calibration and coefficients are stored into camera permanent memory. Driver
performing the HDR combination rescthese values from connected camera and uses them to perform HDR
combination.

Advanced Calibration

The default 1&it HDR read mode of the €46000 camera may lead some users to use this camera as any other camera
with proper 16bit conversion. Unfortunately, the fact that the 46t HDR image is combined from two independently
digitized frames, causeés dzOK y I O@S | LILINRI OK Ol yy234G 06S dzaSR | faz2 ¥F2N

1 The dark frame signal is generated by dark current only, which is quite low (remember,-i60@2 camera
uses sensor cooling to significantly lower dark current). So, the dark frame pixels almost never cross the 3600
ADU threshold point. The result isatthe 16bit HDR dark frames virtually contain highin frame pixels only.
But if the light image exceeds the 3600 ADU threshold, its pixels are transformeghinodrame pixels. When
subtracting 16bit HDR dark frame from #6it HDR light image of sonieight object, we in fact subtract high
gain dark frame from the transformed legain image pixels with entirely different dark current, different hot
pixels etc.

1 The common practice is to make flat fields reaching approximately a half of the sensor dynamic range, which
is somewhere between 300Ghd 35000ADU for 1ébit image. All pixels of such 46t HDR flat field image
are then transformed lowgain pixels, butypical astronomical image often contains many dim portions,
remaining below the 3608DU threshold and thus taken from highain frame. Then we apply flat field created
from low-gain frame to image containing majority of highin pixels with different rgponse 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 abovenentioned problems in calibration is rather simple in principieis necessary to use dark and
flat field frames taken through higgain channel when the light image pixels is below threshold and simiiarly,and

flat field frames taken through loygain channel, but transformed the same way like the light image pixel in the process
of creating 16ébit HDR image, if its value is above the threshold.

So,no dark frame nor flat field frame could be HDR combined {i§). It is necessary to createvo master dark
frames

1 Thefirst master darkframe is acquired through higgain channel. This dark frame will be used when the 16
bit HDR raw image pixels does not reach the threshold value.

1 Thesecond master darrame is read using loain channel, but transformed the same way like the-fpain
channel is transformed during HDR combination. This is why thE6QA0 camera driver offers read mode
No.4t 16-bit transformed LowGain This dark frame will be used when thedi6 HDR raw image pixels value
exceeds the threshold value.

Also,two master flat fieldframes are necessary:

1 Thefirst master flat fieldframe is acquired through higgain channel.
1 Thesecond master flat darframe is read using@6-bit transformed LowGainread mode.

Remark

The 16bit transformed LowGain read mode is marked simply a2 D I A y bycdhe cabnéra driver for space
reasons. In fact, this is 48t Low-Gain mode, but all pixels are transformed toti6 dynamic range the same way
like the LowGain channel is transformed in HDR image combination when the-Ghgh pixel exceeds the
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Threshold limit. But in this case, there is no threshold limit and no-Bigjh pixels are used, all L@sainpixelsare
used and transformed to create this image.

Dualgain image calibration
SIPS calibration tool is capable to perform ddatlk and duaflat calibration.

HighGain master dark frame
The camera should be switched#dGain 12lread mode. Capture a set of dark frames of the same exposure time like
the light images. Take care to:

1 If multiple exposure times are used for light images, multiple dark frame sets should be captured, one set for
each used exposure time.

1 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.

1 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.

1 Do not capture dark frames immediately after flat of light frames. The GSENSE4040 sensor usEgDi®0C4
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 SIPBlath and Filtersto perform median combination, uncheck thevel mean values of all imageteckbox
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.

LowGain 16b master dark frame

The camera should be switched fo2 DI A y readnmode.£As opposed tboGain 12bmode, the 16bit variant
performs the HDR transformation with every pixel of the image, expanding thmt tynamic range to 1-bits. Beside
the read mode, the procedure is the same like in the case of-Ba&jh master dark frame.

HighGain master flat field
Capture a set flat field image witlhcamera usindgdiGain 12kread 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 usMgtBIPS
and Filters check theLevel mean values of all imageheckbox This option compensates different mean values of
individual frames, caused by changing sky brightens among exposures.

As the used read mode is-bit, so the mean value of acquired frames shouldokéveen 2000 and 2500 ADU

LowGain 16b master flat field
As in the case of Le®ain 16bit master dark frames, the camera should be switchef #® D | A y'read madé, ehich
is of course true also for corresponding dark frames.

While the lowgain frame is also 18it only, the used 2 DI A Y readnnmode éransforms every pixel into -b@
dynamic range. So, the mean value of acquired frames shoudddaend 33000 ADU

SIPS Calibration tool

When all 4 calibration frames are ready, calibration of anyit HIDR raw image or image set can be performed using
the SIP&alibrationtool.
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Calibration

Subtract Dark Frame

Hi-Gain Dark Frame: D _dark -23C 455 Hi Gain fits

Flat Field correction
Hi-Gain Flat Field: D _flat HiGain MoFilter fits

Lo-Gain (16b) Flat Field: D:\.\_flat LoGain NoFilter fits

[ Immediately calibrate images read from camera
[] Calibrate "in situ” (do not create new images)
Mew calibrated image handling cptions
[] Open calibrated image in new window
Append calibrated image to image list

List of calibrated images:  List [2]

Destination folder:

File name suffix:

= X

Use 2 (Hi/Lo-gain) Darks

- LCreate...

Lo-Gain (16b) Dark Frame:  D:\..\_dark -25C 435 Lo Gain 16b.fits w | | Create..

Use 2 (Hi/Lo-gain) Flats
- LCreate...

- Create...

[T] If original image is saved, save calibrated image with original name + suffix

Image to be calibrated: D202 1003020 (AurZ)Aur?_D000.fits - Calibrate
List to be calibrated: List [1] hd
Warning:

The calibration of duajjain cameras should always be performed at once. When calibrating-gizigleaw images,

regardless if 12 or 1Bit deep, it is possible to subtract dark frame from raw images and to apply flat field to these

intermediate images aytime later.

But as described above, the advanced calibration of -ga&d camera depends on testing of the threshold. But
subtracting of the dark framealwayslowers the pixel valug 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 higkgain flat field instead of transformed legain one.

So, if both dark frame and flat field calibration are to be performed obil6IDR raw frames, always perform the

calibration in one step. SIPS calibration code handles this situation correctly.

To perform advanced calibration, simply check respeatheckborsUse 2 (Hi/Legain) DarksandUse 2 (Hi/Legain)

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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File Edit View Window Devices Tools Help

aﬂmﬂmx B ORI 8O wA G® LNEe W RREVE
= tion)_dark -25C init [ [B[x]| O

C:\..\pC.MIL.00O\OneDrive\Buff\C4- 16000 calibration\_dark -25C 455 Lo Gain it | — |1/ X |

16 Size: 4096 x 4096 Span: 36 .. 4095 Stretch: 76.. 97 Zoom: 1t || 16 Size:4096x 4096 Span: 61..321 Stretch: 89...93 Zoom:

The image above shows an example high {ait) and lowgain(right) dark frames.

File Edit View Window Devices Tools Help

A EITT AED T QRIS @0umA AL LNFeHGREYE .
= ; fibration_flat HiGain Nofikerits | — |/ X |

] C:\..\pc.MIL.00O\OneDrive\Buff\C4-16000 calibration\_flat LoGain NoFilterfits | — O X |

16 Size: 4096 x 4096 Span: 1037... 2110 Stretch: 1594..2188  Zoom: 1:t /| l 16 Size: 4096 x 4096 Span: 1307 .. 4237 Stretch: 1955 .. 2549 Zoom:

Similarly, the high gain (left) and legain(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.

File Edit View Window Devices Tools Help
o e AR T= R o= L L R FAPAnE A ek b Eadval N
=

il »

B 16 Size: 4096 4096 Span: 1512..65535  Stretch: 2821..15004  Zoom: 1:1

Single highly stretched #6it HDR raw image shows nomiform response of GSENSE4040 sensor.
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File Edit View Window Devices Tools Help
o | & i ol CED MM ORI 80E w4 TR G E v |
[\ \Rawdits | CA.\Calfits )

“ il »
W 16 Size: 4096 409 Span: 1154..65535  Stretch: 1923..8953  Zoom: 1:1

Single highly stretched #6it HDR image, calibrated using the SIPS Advanced Calibration tool with four calibration
frames, virtually eliminates any traces of the GSENSE404Qmitormity.
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Image Mathand Filters

Thelmage Math and Filtersool provides various mathematical operations on images vs. scalars, on images vs. images
or on image lists etc.

Image Math and Filters — x
Operation:
E-fF) List Functions |~ | List: List[1] -

Mean of List

Median of List

Mean of Median F _
Sum of List |

F-0.¢ Image op scalar

Level mean values of all images

F-O.0 Image ep Image

E-AC) Image Filters
Median Filter
Subtract Median ﬂ

ﬂ HIIII T ﬂ | Evaluate |

Creates new image with pixels in the middle of
the pixels range of images in the selected list.

The Image Math window offers image operations on the-$idie tree and operation parameters on the rigditle pane.
Individual operations are divided into categories according to number and type of operands:

i (ﬁ) Operations performed on whole image list:
0 Mean of list all images in one set are averaged.
0 Median of list corresponding 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 ingadéfer only in the bias level, median
computation is negatively affected by the bias.

0 Mean of Median Half of listcorresponding 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.vecto

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

o0 Sum of list all images in one set are added.

These operations are performed on pbtelpixel 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 th€ombine Monochrome Image$ool to stack object exposures with spixel
alignment.

i .c Operations between image and scalar value:
0 Addt add a number to every image pixel.
0 Subtract subtract a number from every image pixel.
o Multiplyt multiply every image pixel by a number.
o Divide divide every image pixel by a number.
o Cutofft replace every pixel above defined threshold with the threshold value.

1 0.0 Operations between two images:

0 Addr add two images.

0 Subtract subtract two images.

0 Interpolater interpolate 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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Ll f(D) Operations on simple image:

(o]

Median filtert replaces 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 remaing. (@ebulosity or galaxy
background).

Subtract median calculates 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 filterall features greater than rads will be removed (e.g. gradient,
nebulosity, etc.) and only stars remain.

Gaussian blur blurs the image by the Gaussian kernel filter of defined radius. This operation will
soften the image, eliminating noise and sharp edges.

Gaussian unsharp maslsubtracts image filtered by Gaussian blur from the image. This operation will
sharpen image, enhancing edges but also the noise.

Remove extreme pixelsOl £ Odzf F §S& G(KS adlyRIFENR RSGAFGAZ2Y FI
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) multiplyL.5, but you can experiment with this
number to achieve optimal results for the image.

Clicking theEvaluatebutton 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 chosearse image remains untouched.
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FITSHeaderEditor

TheFIT3HeaderEditortool allows to view and possibly update FITS headers in the text form.

FITS Header Editar — O x
CAFITS\DS (M42)\M42_Red_0000.fits

SIMPLE = T E
BITPIX = 16

NAXIS = 2

NAXIS1 = 4896

NAXIS2 = 4896

BZERO = 32768.00000000

BSCALE = 1.86000000

EXPTIME = 260 .00000000 / seconds )
EXPOSURE= 2080.00000000 [/ seconds =
GAIN = 1.66000000 [/ e-/ADU

XBINNING= 1

YBINNING= 1

FILTER = 'Red '

CCD-TEMP= -24_39000000 / deg. Celsius

uT = "22:29:47.759" {/ begin of exposure

DATE-OBS= '2815-12-85T22:29:47' [ begin of exposure —
1D = 2457362.43735832 / begin of exposure

DATE-BEG= '2015-12-85T22:29:47.759"
DATE-END= '2815-12-85T22:33:07.759"

IMAGETYP= 'OBJECT

RA = 'B5:34:49.0@"

DEC = '-5:18:21.8"

OBJECT = "M42

TELESCOP= 'TCMT

THSTRIME— ‘24 1 GARG" =

<r I ]
1:1 Insert

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-based, number of rules apply to the header (e.g. every line must

be exactly 80 charactersig, 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 rule

if editing text in the editor longer lines are cut, shorter lines are padded, empty lines are added etc. by the FITS Header
9RAG2NI RdzZNAY 3 dzLJRF iSd hyteée 3ISYySNIrf NMHzZ Sa Ydzald 6S F2tf 208

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.



Image Profile

Thelmage Profiletool shows profiles in X and Y axes of the selected image.

C:A\FITS\30 (HH)\sum\HH_Red_sum fits

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 or
the image blak (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 Scalecheckboxin 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 invertelairass

the image. The crodsair can be moved by mouse click (it is also possible to drag the mouse while the left mouse button
is pressed).

The crosshair can be also moved by cursor keys:

1 <Up>, <Down>, <Left> and <Right> keys move the-baissne pixel.
9 Combining cursor keys with theCtrb 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 wihdaw
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 Gradientool is intended to eliminatadifferences in imagdackgroundvalues. Unfortunately,the sky
background imever uniform, as it is affected light pollution, Moon position relative to the field of vieweight above
horizonetc. The wider the field of view, the bigger the differences in sky brightiredgfferent parts of the image. But
the sky background oftechanges so rapidly that emenarrow fieldof-view images exhibitisible unevenness

Hint:

The uneven backgrourdbes not affect the scientific data reduction (e.g., the photometingt much asthe used
algorithmscalculate with it. It is mainlgin aesthetic issue, oftenot allowing usto create a nice image, especially if

the background gradientdiffer in individual color channels.

TheRemoveGradient tool is capable to model the image background us?igpolynomialsnd to subtract the model
from the image.

C\Users\pc.MINOneDrive\FITS\M45_green.fits

Place
Areas

Sample Regions ‘

J Remove Gradient ‘

Area Width: 64

Area Depth: 64

ﬂ Num areas X: 16

Num areasY: 16

[~
=] e Add selected area
=]

E-‘o Remove highlighted areas

=} ! Remove all areas

Remove

Linear (n=1)

Qudratic (n=2)

Gradient | Cubic (n=3)

J Star Search

stars

' ‘ Cancel found stars

Find 3 Search parameters

C:\Users\pc.MINOneDrive\FITS\M45_green.fits
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24050 [3630, 64, 64,
24034 [3800, 64, 64,
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23970 [4309, 230, 64, 64]
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There are three types of 2D polynomials available, differing in the order:

1 Linear (¥ order) 2D polynomial with three free parameters:
€ QQ @A OA @
1 Quadratic (29 order) 2D polynomial with six free parameters:
€ Q0 @@ O O w QI QI 0
1 Cubig(3 order) 2D polynomial with ten free parameters:
£ Q0 @@ O e QIw QI WO QWb Qb @ Q

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.

TheRemove Gradientool supports two methods gblacing the sampling areas over the image

S Add selected area

1. It is possible to manually select the region in the image. Clicking=..Z button adds the
current selection into list of sample ared$he median value as well as area coordinates are added to the area
list on the right side of the tool window.

Place

2. Thel#™==putton placessampling areas over the image according to defined parametersAfigeeWidthand
Area Depthdefine the size of eachreg Num areas Xand Num areas Yefine the number of areas to be
evenly distributed in the respective axis.

Hint:

If there is aselected (framedportion of image the PlaceAreasbutton distributes new areas onlyithin the
selection.

Obviously, not all background variations are unwanted gradiegtsS 6 dzf S 2NJ I f F EASE | NB Ay
ANI RASyGaes odzi 6S yradaNItte glyd G2 1SSLI GKSY Ay AYIlF3Sd
only from image parts ithout a nebulosity of galaxy.

T Remove highlighted areas

The already existing areas can be remaqveither the = button removes them all or the

# Remove all areas

button removes only the highlighted one&reas can be highlighted either in the list on the tool
window right side osimply by selecting a portion of the imagareas within the selected portion will Beghlighted.

So, the portiosof the imageto be used for gradient calculatigthe ones containing sample areas)h be eithedefined

by removingpreviouslyevenlyplacedareas(highlightthe portion of the imageavith sample areas to be removethd
clickRemove highlighted areabutton) or by adding areas to an empty image (highlight the portion of the image and
clickPlace Aeasbutton) or by combination of both ways.

Skipping stars

As mentioned aboveeach sampling area contributes to the background polynomial fittiritlp single point its
coordinates are the area centgrand yand offset is the median of all pixels in the area regldsing of median should
eliminate all extremes, including pixels belonging to a stiffraction spike hot pixel,or any other artifact.

Still, sometimes some bright star can fill thignificant portion of the area, especially if the areas are small, and thus
affect the median value. This is why tRemove Gradientool allows to find stars within the image. Found stars are
then highlightedwith rings indicating their respectivdiameters.

If stars are found in the image, the median of each aeahen calculated only fromespectivearea pixels not belonging
to any star.

Hint;

Especially in dense fields, highlightirfgal found stars in the image with circles may slow down the image repaint.
So, it is more convenient to find stars only after sdimpling areas are placed. The area median values are
recalculatedvhen stars are found.
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Removing the gradient

When thesample areas are properly distributed over tha&ckground areas of the image, t

Remove
Gradient

button performs

actualpolynomial fitting and the subtractthe resulting 20polynomialfrom the selected imagelhe polymmial order

is selectedusing threedradio buttong in the Remove Gradient ribbon pane.

The example below shows the M4Bldades captured through photographic green filtegxhibiting signi€ant

backgroundgradientoverthe field of view(left).

|—|EIx ]| | O3 image[0]*

7] C\Users\pc\OneDrive\FITS\M45_green fits

32 Size: 5456 x 5326 Span: 6002 .. 3211215 Stretch: 23258 .. 43690  Zoom: 1:8 4 32 Size: 5456 x 5326 Span: 6002 .. 3211215 Stretch: 23001 ..43561  Zoom: 1:8

— O %

With the 39 order gradient removegthe image lckground is evefright).
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Blink Images

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

speed.¢ KS NB&adz GAy3a STFFSOG Aa € AQ25YLAIKNS G2LNEASO Aty GASYaRISNHZYFSR2YND 2
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 omore 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 optemechanicalnstruments 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 easilyletectable 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.

Images

=
Open
files ﬁ Remove all

E Add opened

% Remove selected :

Alignment

Find &
Align ﬁ Search pa

K- g Clear alignment

Blinking

L]

~ ALt B Find on selected  : v

Blink
rameters

View

I

@ Mext image

mpreviousimagei
loonoooaono
1

| Hide
stars

Forward stretch

\:&:“ Forward palette

Vl é Calculate stretch

h

B 16 Size2043x 2048

.-
1}

Span: 0 .. 65535

Stretch: 1288 .. 2477

Zoom: i1

W CLLAFITS test2) Sge_0000.fits
W CLLAFITS\test2),Sge_0001 fits
W CoLAFITS test2) Sge D002 fits
W GRS test2) Sge 0003 fits

W Ch
W Ch.

\FITS\test2\Sge_0004.fits
\FITS\test2\ 5ge_0005.fits

Wd COLGAFITS test2)5ge D00 fits

MLGAFITStest2\ Sge_ 0007 fits
MLAFITStest2Y Sge 0008 fits
MLGAFITS best2Y Sge_ 0009 fits
MLAFITS test 2y Sge D010 fits
M FITS test2 Sge 0011 fits
MLGAFITSVtest2\ Sge_ 0012 fits
MLAFITSbest2Y Sge 0013 fits
MLGAFI TS rest2Y Sge_ 0014 fits
MLGAFITS test 2y Sge 0015 fits
M FITS test2\ Sge_D016.fits
MLGAFITStest2\ Sge_ 0017 fits
MLGAFITStest2Y Sge 0018 fits
MLGAFITS test 2y Sge 0019 fits

W CoLAFITS test2) Sge D020 fits

hd

The Blindkmagetool 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 lImagesribbon handles the Blink Images tool implicit image list contents. It contains the same controls like the
standalone image list window.

TheAlignmentribbonRS |t & gAGK YdzidzZl € F€A3yYSyd 2F Ftf AYF3ISa Ay (K
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 folMing subchapter.

G
v
Blink

TheBlink ribbon controls blinking itselfThe 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 us]@ N image |and|nm Previous image|
buttons.

Hint:

If the image list on the righside of the tool windows is selected, images can be also switchexhdygingthe
highlighted image using arrow keys or by mouse click.
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Hide
TheViewribbon alters how images are displayed. The fafstion button | 2 | controls f the stars fond with the image
are marked using green circl@gnage alignment requires finding of stars in imag&) drawing of hundreds or even
hundreds of thousand circles, depending on the star density and field of view, istinsming 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
Ay GKS . fAyl LYIF3Sa G223 A0 lftaz2 FFTFFSOGa 20KSNJ (G22¢ .
turned on or off for alimages in SIPS.

It is important all blinked images are similarly stretched, otherwise the visual differearmoesg individual images

(background level, contrask 0 R A & (i NJ Thej= Cleulstestreich 755801 Mutton causes stretch limits are always
calculated according tauto-stretch type predefined in thélistogram and Stretciool when the images is selected and
displayed in the lefside panelThis can be useful when images are loaded with different-atrigtch calculation option
and stretch limits need to be realculated for all images.

The &2 Femvardstreteh | ohtion button does not cause realculation 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 tregch limits is that it does not adopt to changing imaging conditions of
individual images. For instance, the sky can get darker &féght or brighter closer to dawand thus the background
value moves and fixed stretch limits do not respect these changes.

The last option buttol 2% Femerd palette | o s res the next selected image uses the same palette like the currently selected
one.

Identifyingstarson image
Mutual imagealignment depends on the program ability to identify individual stars in the image.

The star centroid searching algorithm can be modifiec lsgt ofparameters. These parameters can be defined in the
% Search parameters

dialog box opened by th
search parameters.

. Please refer to théstrometry chapter for the detailed description of star

However, there are a few differences when stars are searched on sfiaigthe purpose oAstrometry or Photometry,
where it is important to find also the very dim staas\dwhen stars are searched onlyatiow mutual image alignment.
As thoroughly described in théstrometry chapter, the difficulty of finding both brightest and weakest stars is
overcome by optional usage of two aperturddut 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:

1 If only one aperture is defined, it is used also for finding stars for matching.
1 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-fimeng of these parameters. ThAlignment ribbon

contains the 8 Findensslected | 1y 00 \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.

A

Hide
Also, do not forget to release th 2= | 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 tgppear 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 et@here are no limits on the transformation, if for instance half of images are
captured after the mount swap and thus are approximately d8@rees 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 changg 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 anddombination 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 arounidmight.

It is always the best practice to select a good quality image with the best focus as a referendéereis a good
chance majority of stars are properly detected on such image and the matching with other images produce the best
results.

TheBlink Imagedool takes the actually selected image (displayed in the left panel) as the reference one. So, it is just
Find &

necessary select one of the best images in the list (probably around the middle of the series) prior clic/ 29" 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.

Select reference image X

Alignment needs one (good quality) image, to which
other images are aligned. But, no image in the list box is
selected. Choose which image to use as reference:

7 FEirst image
@ Middle image
) Lastimage

Or click [Cancel] and select any other image in the list
box to be used as reference and run alighment again.

The alignment progress displayed in the dialog box, opened upon clicking offivel & Alignbutton.
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Alignment in progress x

Chbuff\FITS\test2\Sge_0012 fits: Stars: 9312, Triangles: 433, Accuracy: 81%, Aligned ﬂ
Chbuff\FITS\test2\5ge_0014.fits: Stars: 9303, Triangles: 435, Accuracy: 80%, Aligned
Chbuff\FITS\test?\5ge_0013.fits: Stars: 9243, Triangles: 435, Accuracy: 83%, Aligned
Chbuff\FITS\test2\Sge_0015.fits: Stars: 9320, Triangles: 435, Accuracy: 82%, Aligned
Chbuff\FITS\test2\Sge_0035.fits: Stars: 9136, Triangles: 433, Accuracy: 83%, Aligned
Chbuff\FITS\test?\5ge_ 0033 fits: Stars: 9260, Triangles: 455, Accuracy: 84%, Aligned
Chbuff\FITS\test2\Sge_0029 fits: Stars: 8240, Triangles: 433, Accuracy: 83%, Aligned
Chbuff\FITS\test2\Sge_0030.fits: Stars: 8220, Triangles: 435, Accuracy: 82%, Aligned
Chbuff\FITS\test2\Sge_0031 fits: Stars: 9214, Triangles: 435, Accuracy: 83%, Aligned
Chbuff\FITS\test?\5ge_ D032 fits: Stars: 9321, Triangles: 455, Accuracy: 84%, Aligned
Chbuff\FITS\test2\Sge_0034 fits: Stars: 8249, Triangles: 433, Accuracy: 84%, Aligned
Chbuff\FITS\test2\5ge_D025.fits: Stars: 9247, Triangles: 435, Accuracy: 83%, Aligned
Chbuff\FITS\test2\Sge_0028.fits: Stars: 9332, Triangles: 435, Accuracy: 81%, Aligned
Chbuff\FITS\test?\5ge_D026.fits: Stars: 9224, Triangles: 455, Accuracy: 83%, Aligned
Chbuff\FITS\test2\Sge_0024 fits: Stars: 9333, Triangles: 433, Accuracy: 81%, Aligned
Chbuff\FITS\test2\5ge_D027 fits: Stars: 9345, Triangles: 435, Accuracy: 82%, Aligned

LCancel

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 maused 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 tBancebutton 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

TheCombine Monochrome Imageol allowsto mutually align images in the tool implicit list and combine them to
sum or median.

Combine Monochrome Images

Images Alignment Sum Images Image Median

=

Open

E Add opened
ﬁ Remove selected :

Flnd 8(

a Clear alignment

- Find on selected

| o

Sum

438+ Force 32-bit pixels

27 Auto 32-bit plxels

bal

Partial

Median

D Maximum
n Minimum

Mean

m Sum excl. extremes Partial Medians

i Image [0]
' Image[1]
¥ Image[2]
= e ' Image [3]
= ' Image [4]
' Image [5]
' Image [6]
¥ Image [7]
.. ! Image 8]
' Image[9]
' Image [10]
' Image[11]
' Image [12]
| ! Image[13]
1 Image [14]
' Image[15]
' Image[16]
' Image [17]

¥4 Image [18]

Sums

files g Remove all Align 3 Search parameters Crop to intersection

m e R VRS v . ¥ A H”‘ e I

! 16 Size: 4099 x 4098 Span: 0.. 65535 Stretch: 2541..31934  Zoom: 1:3

| addition to simple math operations Sum of image list or Median of image list (sdenttiee Math and Filtergool
description), theCombine Monochrome Imagetool 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 dalsekdimagegool. Refer to theBlink
Imagestool description for align process explanation, please.

Remark

While simple image stacking using theage Math and Filterdool is suitable for creating of master calibration
images (master dark and master flat), stacking of actual astronomical obj@ctesrequires previous image
alignment, as every image msore or lessshifted and/or rotatedrelative to reference frame. Even in the case of
perfectly aligned mount and very good tracking, at last-pidel differences among images exists and aligning
eliminate them.

When images are aligned, tli@ombine Monochrome Image®ol is capable t@reate new image as sum or median of
individual images. Both operations can be modified by various options.

Sum Images
Sum Imagesibbon contains controlévolved in creatin of anew image as sum of individual frames.

i

Sum

button creates new image as a sum of individual frames.

|81 Force 32-bit pixes |option ensures resulting sum image will be alwaysR2regardless if it fill the 1:8it dynamic range
or not.
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7 -bi I . . . . . . . . .
|52 Auto 32-bit pivel |opt|on can be used to automatically create-Bi resulting image id the dynamic range of individual

stacked images exceeds-bas.

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 sizetloé area contained on all stacked images.

Partial

Thel>“™ | putton allowsto 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.

Partial sums of images

Image List for partial sum: List [1] j
Mum., of images in each sum:
| oK | | Cancel |

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 Medianribbon 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.

=

Median

button creates new image as a median of individual frames.

button creates new imagewhich 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 isRikeial Sums only
median combination is used instead of adding images.

Partial Medians of images

Image List for partial median:  List [1] j
Num. of images in each median: 3 il

| oK | | Cancel |

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 fno at las three individual images.
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Combine Color Images

The Combine Color Imagewol functionality is the same like th€ombine Monochrome Imagetol, but image

stacking or median combination is penfned oncolor FITS imageBecause of difference between monochrome and
color images such functionality cannot be handledhg tool.
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Create Color images from (L)RGB Components

TheCreate Color imagefrom (L)RGB Componerit®m individual red, green, blue, and possibly luminance images.

Create Color Image from (L)RGB Components = O X

Images Alignment ‘ Sum Images “

Add opened - Clear alignment 3 18+ Force 32-bit pixels 4 Red {5 Calculate stretch
{ ! 32
<] W 12 7
ind &

gﬁ Remove selected & Find on selected ¢ Lg; Auto 32-bit pixels (‘ Green ,/‘ Luminance : ﬁ Forward stretch

Open | Combine
files g Remove all ‘ Align 3 Search parameters RGB m Crop to intersection \(‘ Blue stars }.’- Forward palette

-

|+ || B[] C:\..\sum\M42_B_sum.fits
G| C\..\sum\M42_G_sum.fits
R[] C\..\sum\M42_R_sum fits

B C:\FITS\05 (M42)\sum\M42.fi

il : | K2 1] [T ]

32 Size: 4099 x 4101 Span: 0.. 16777151 Stretch: 0.. 283031 Zoom: 1:2

This tool combines the functionality of bothombine Monochrome Imagetol and Combine Color Imagetool. It
always creates color images, but it accepts both monochrome and color ones.

1 All three red, green, and blue planes of color images are added with corresponding color planes of other
images.

1 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

0 mark red image
o] mark green image
0 mark blue image

1 Itis 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 namereflects its evolutiorfrom a tool performingust astrometric reduction of single image.
Over time full Photometry processing, includingnsemble Photometrywas addedo this tooland thus the more
appropriate name would bAstrometry and Photometry of single imagé&Jnfortunately, such name is too long for
launchbuttons andthe tool window title, so theoriginal name was kepBut keep on mind both astrometry and
(ensemble) photometry of single image can be performed.

TheAstrometrytool allows astrometric reductictof the image (resolving equatorial coordinates for every star or other
objects within the image).

) GAFITS\DEMO\2017-08-30 (Sge crop test)\Sge1_0010its =I=lx]
.

Astrometry (Field Curvature: G\ \TCMT_C5-150_Para.sfc [ON])

I Catalog Match
&8 Plat et @
a H ate parameters m el ey @ MName Q
amandl ; Catalog parameters {0 Catalog  RSge
Calculate Calculate o Find
astrometry  photometry :-g Match parameters }‘ S # RA Dec ctar
CAFITS\DEMO"2017-08-30 (Sge crop test)\Sge1_0010.fits
y * |Name X px Y px RA Dec Flux FWHMx p FWHMy p FWHMx " FWHMy "  Catalog | Cat. Name
1 * V0335 5ge 36347 92895 201420646 +170054.55 saturated 8.25 8.79 11.08 11.80 UCAC4  536-126919 :l
2 * 57427 530392 201400482 +165128.94 ssturated 6.61 6.87 8.88 9.22 UCAC4  5353-124177
3 * ASAS 1201453+ 1646.5 740 287.06 201453173 +164625.39 saturated 5.62 755 UCAC4  534-122437
4 * 143375 8063 201237479 +164219.09 saturated 5.22 5.63 7.01 7.56 UCACA  534-121413
5 * 313.82 20918 201424406 +164447.85 saturated 5.13 5.45 6.88 732 UCAC4  534-122232
6 115437 11.44 201305556 +164040.34 saturated 5.02 6.74 UCAC4  534-121633
8 638.04  682.81 201354774 +165530.29 saturated 7.04 UCAC4  535-124130
O 9 *OASAS 201411+1702.7 47606 100560 201470405 +170239.81 saturated 4.38 6.15 UCAC4  536-126829
10 * 618.21 55894 2013536358 +165243.71 ssturated 3.89 3.99 5.22 536 UCAC4  535-124148 ﬂ =
1 T I’ ] ]
Matched stars: 1956 Image center RA: 20h 13m 423715 Dec: +16° 51' 43.91" Residuals RA: 1.18" Dec: 0.94" | 4}
Y Ty - el
Bl I /T |
! 16 Size: 1536x 1024 Span: 0 .. 65535 Stretch: 843 .. 4644 Zoom: 31

Note the Astrometry tool works with currently active (selected) image within SIPS workspaleetingindividual
images also changes the context of the Astrometry tool.

Images of individual stars (or asteroids, comet nuclei etc.) on an image typiosly multiple pixels with varying
brightness (the profile of star imagesemblesGaus&n curve). Calculating weighted average of all pixels, where pixel
brightness is the weight, allows to determine the star image centroid position withpsudb precision. Then the
equatorial coordinates of celestial bodies can be calculated withpixdl precision, too.

Remark:

[ SG dza y23S GKIFIG AYlF3IS Aa 2FGSy OFtftSR aLi | GS¢ oKSy Gl f
O22NRAYI GSa 6AGKAY GKS AYF3IS IINBE OFfttSR aLIIGS O22NRA
emulsioncoated glass plates drstar centers were measured on miamgetric machines While it is much easier to

KFyRtS RAIAGIE AYF3ISa o0& az2FdolNB GKIy (2 YSI adaNBE 022 NF
the sama to retrieve celestial coordinates of observed objects.
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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 fahitity stars
must be matched with stars in catalog. So, pixel coordmatestars on the image must be known prior to any
astrometric reduction.

Remark:

Also, other algorithmsvithin SIPSely on finding of stars, e.g. mutual alignment of images use#liimk
Imagesor Combine Imagetools, telescope mount guiding etc.

Plate parameters must be defined. Plate parameters are (at last approximate) equatorial coordinates of image
center andthe pixel scale the angular size of single pixéllternatively, it is enough to define camera pixel

size and possibly used camera binning, together with the used telescope focal l&fsgthpixel scaléor pixel

size and focal lengthhay 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 calculationSee theNew FITS Headedialog box description in th8IPS Imagechapter.

While these parameters can be defined statically, Nea FITS Headsdialog boxalso 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.

There must be at last one supported astronomical catalog present on the local PCuigRsy supports
UCAC4, UCAC5, USANR0 and USNB1.0 catalogsThe Catalog Parameterslialog box allows to define
catalog type and folder, where catalog files are located.

Astrometric reduction can be further parametrized throutite Matching Parametersdialog box, despite
default values should be OK for majority of cases.

After successfutatalog matching with detected stars, equatorial coordinates are calculated for every object
within the image.

A bit out of scope of astrometry reduction is calculating of photometry of found $edrstometry 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 aseconds.

Let us go through individual steps in matetail.

Identifyingstars on image

Reliablédentificationof 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.

f

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 imagéh@ndnesread from the catalog

do not match.

If the dim stars are not found on image, SIPS cannot assign their counterparts from the catatafrulate

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 th

',3 Search parameters button.
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Star search parameters x

Aperture (in pixels), within which a
centroid of star image is searched.

Aperture: 13 E
[¥/] Use 2nd Aperture

2nd aperture may be used to detect
brightest stars, everflowing primary
aperture.

Aperture 2: 33
Aperture mean plus multiply of standard

deviation of aperture defines threshold
for star pixels.

Standard deviation count: 3
Number of required neighboring pixels

above threshold to treat pixel as
belonging to star image.

Number of pixels: 3
Star-mask is used to exclude pixels
belonging to ather stars from
background ring. Repeated refinement

helps to properly determine automatic
apertures (star sizes).

Star-mask refine steps: 2
Auto ap. threshold (x RMS): 2

Min. aute aperture radius: 2

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 &lue. The box size, minimal number of neighboring pixels and threshwidl{iply of standard deviation)

are all usedefinable parameters:

1 Apertureis the diameter (box size) of pixel area, in which a star centroid is searched. Geneislthalghe

star image should well fit in the box else the star wilt be recognized. Too big aperture on the other side

covers more pixels than necessary. Aperture 11 oisl§oodvalue for typical wellsampled astronomical

images.

1 Use 29 Aperture check box and\perture 2value can be used to overcome the problem with very different
stardiametersin single image:

o If the single aperture is significantly lebsn the aperture of bright starsghen such bright stars are

y2i RSGSOGSRO®

¢t KS

adlk NI A&

RSuUSOuUSR

2yt 8

AT

iKS

condition, does not touch the box border. This condition ensures the star is detected only when the

box is positioned that all pixe 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.

o0 Aperture significantly greater than the aperture of dim stars slolea/n 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 standidation 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 ithe 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
locatedcloseto 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 thastrometry 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, construcéadles are very different and

alignment may fail.

1 Standard deviation countlefines the threshold, above which a pixel is considered to belong to a star image.
1 Number of pixelsdefines 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 dependsonthe sibgdfR SLIG K 0 AGYF LI 2F GKS &l yvy$S &Aal $
YIalée Ay {Lt{® ¢KAa o0AdYILI O2ylilAya m AT GKS O2NNBaLJ:
pass of thealgorithm through the image, the-iits only roughly represent the actual star images, because of varying
mean and threshold values as the detection box moved through the im#geboxstatistics depenan the presence

of other stars or diffraction spikebackground 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 withcreasingimage quality. Oubf-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 step:
to refine the star mask. Aeést one iteration is necessary, but more than three iteratiomsy notbring noticeable
refitment. Two iteration steps (the default value) look like optimal compromise between detection precision and
processing speed.

The starmaskrefine steps also include detection aperturesof found stars images (automatically determined star
apertures play important role in thBehotometrytool, 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 fran 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 nev
radii as the fractiorof 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 anubstagfining:

1 Starmask refine stepparameter was described above.

1 Auto ap. thresholddefines the value at which the scanning of the star profile ends.

1 Min. auto aperture radiudefines the minimal radius for the cases the statistics result into unrealistically small
apertures for the very dim stars.

B O

Find
Finding stars itself is initiated by tl.2*™ | putton. 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 th il Coneelfound stars 1)

Notice theAstrometry 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 flu;
(brightness), but please note tHkix 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

Oncethe starsarefoundin any image, SIR8ghlight themwith green circles. This can be particularly useful when fine
tuning starssearch parameters for the used telescomed camera setup. Missing green circles around brightest stars
indicates it is necessary to enlarge apertordgo use 29 (greater)aperture etc.

However, green circles around every found gtartially obstructoriginal data and make the image hard to perceive.
Also, drawing many circles takes some time and slows the zoamihgcrolling of the image. Once the parameters of
star search algorithm are finteined and SIPS reliably finds all stars on images, green circles around found star are

/.

Hide
superfluous. Th&iew ribbon contains 2% option button, whichallowsto 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 Biark Images
Combine ImagesAstrometry 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 SIP8annot perform altsky search for the image position and scalée algorithmneeds at last
approximate information about the image

1 Eguatorial coordinates of the image center
1 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.

wSteAy3a 2y adzOK ,despité dili dpprEimatdighiicantywspeéds @pythe astrometry solution.
Hint:
Asmentionedearlier, 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 connectéo SIPS using appropriate drivand pixels physical dimensions are read
from camera, while focal length of the used telescope is defined ilNtéhwe FITS Headedialog box opened from

FITS
SIPSSettingtab by the' %= Mew FITS Headers

New FITS Headers *

Check headers, which should be included into
newly created FITS files:

button.

V] RA -
[¥] DEC

V] R.A./Dec. from telescope

| AZIMUTH  azimuth [*]

| ALTITUDE  altitude [*]

| AIRMASS  air mass (zenith = 1)

| XPIXSIZE 7.52

| ¥PIXSIZE 7.52

EREEA

W] XY pixel size from camera

|1 PIXSCAL1  angular pixel x size [arc-sec

&

| PIXSCALZ  angular pixel y size [arc-se—|
[/] FOCALLEN 1185 <
] Focal len. from Observatory Setup
[/] TELESCOP  TCMT
[/] Telescope frem Observatory Setup -

oK Cancel

Thetelescope focal length itself can be either defined explidgitithe New FITS Headealialog boxor taken from
the Observatory Setupialog box.

If plate parameters informatioris to be reviewed or modified, thfi Plate prrameters

information dialog box.

opens thePlate astrometry
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Plate astrometry informatien *

Coordinates of the image center:
Hm o 418 ||

R.A: 2 —h 4
= 0.8

Dec. 32 49
Camera parameters:
X pixel scale: 2.065 -~ arcsec
¥ pixel scaler 2.065 — arcsec

[¥] Defined pixel size includes binning
136 “ um

X pixel size: Kbinning: 2

136 “ um

Y pixel size:

Connected camera X pixel size:

¥ binning: 2

10.00
10.00

um

um

Connected camera Y pixel size:
Telescope parameters:

Focal length: 13350 * mm

Update Image

Cancel

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 arslibtractions,most people cannot do such math without calculator or at last pen and
paper.

CKAA A& o6Ke (KS Slidzr 62NAFE O22NRAYIGS&a O2y(iNRfa | NB
fraction part (containing decimal point) is pasted to thec.degrees counbox, SIPSnterprets it as a declination
expressed in decimal degrees. It transforms the value to whole degrees, minutes, and second and fills all three

countboxes accordingly.

In the case of right ascension, the value, containing decimal point, pastd®lAohours countbox, is also
interpreted as decimal degrees as it is customary to use degretesours also for right ascensiavhen equatorial
coordinates are expressed in the fraction form. So, the value tsdivigled 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 thepixel prior to binning or after the binning.o satisfy both approaches, SIPS allows to define if the
Defined pixel sizéncludes binning

9 If this option is set, the binning informatidnecomessuperfluous (thePlate astrometry informationdialog
box still displays the binning defined in FITS headerd allows to modifyit, but they do not influence
astrometiic solution).

1 Otherwise, the astrometnalgorithm multiplies the stated pixel size with binning value in respectivesar
get resulting physical pixel dimensioasd uset for astrometric solution.

Warning:

ThePlate astrometry informationdialog box modifies metadata of the actually selected image. Closing the dialog
box with theUpdate Imagebutton modifies the image and it must be saved to make these modifications persistent.

But theDefined pixel size includes binningption 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 process
images, regardless is the dialog box is closed Wilkdate Imageor Cancelbutton. We understand this can be

slightly misleading, but thBefined pixel size includes binningption is so closely related to tHelate astrometry
information dialog content, that placing this option elsewhere could cause even more confusion.

Also, this optiorcontrols 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 phys
sensor pixel dimension regardless of theed 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 benadehtgtars on
image with stars in catalog. Catalogs available online are not usqueftormancereasons as well a® be able to
perform astrometry solution without the access to Internet.

There are far catalogscurrently supported in SIP&ach catalog description below accompanied witlsample of
information for one star, contained irespective catalog.

1 UCAC4very good catalog overall, consuming 8@R of drive space. Provides rich information about every
A0FN) onal {{ FYR !tt1{{ YF3aIyAddzRSAZI LINRLISN] YialseA 2y azx
positives presence of norexisting stas), which does not hurt the astrometry. UCA€@ntains stars up to
approx. 16 Mag, so another catalogistbe usedfor 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 Jmag. 9.695 (0.02)
2MASS Hmag. 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 gmag.  12.099 (0.01)
APASS r mag. 11.207 (0.04)
APASS imag. 10.902 (0.03)

I UCACS5contains more precise star coordinates, based on Gaih D& otherwise reduces the amount of
information about every star. Catalog neednly 5.25GB of drive spagebut better precision brings no
significant benefits for typical usage (eptpotometry processing), sihe UCAC4 is still a better choice.

UCACS5 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_smag. 9.054

1 USNGA2.0 Rather outdated catalog, generated by digitizing of Palo8lar Surveylates. Occupies just
6.11GBspace butO2 y i Aya 2yfeé& GaNBRé |yR aof dzS¢ Y dbydifar dzRSa =
Palomarsy Qurvey. SIPS converts these retandard magnitudes to get approximatevBndex, but the color
information is not reliable. The greatest weakness of this cataltigeisbsence ofnany bright stars, which
makes astrometry reduction very difficult (bright ssdound on imageare not found in catalog)USNGA2.0 is
therefore not recommended for plate solving.

USNOA2.0ID 1200 -0868585
R.A.[D.d] 30.9565778

Dec. [D.d] 32.6954167

Red mag. 11.4

Blue mag. 12.6

6 TheRed and Blue filters, used for Palomar Sky survey, do not correspond to Jebmssin R or B filters. These filters
are not part of any common color photometric system.
90



1 USNGB1.0 Also generated from Palomdiky Survey plates, butwith more sophisticated algorithms.

Brightness information is also based on red and blue color filters and transformed to standard colors in SIPS

with limited precisionUSNGB1.0 occupies 12@B of drive space arwbntairs starsup to 18+ Mag, which is
significantly more thamther catalogsThis makes this catalog the only option for weak stars.

USNOB1.0ID 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 abovementioned catalogs are used also in various modified forms. For instance, some planetarium programs

use reduced versions of such catalogs to save drive space, eliminating informatissedotithin the planetarium
program SIPS always negthe original form of the catalog to work properly, the compredsad/or reduced
versions cannot be used with SIPS.

Support for two catalogs
If all detected stars are covered bye UCACA4 catalog (no star of interest is weaker thanMdg®),usingUCAC4 only
brings no disadvantage However, if there are stars weaker than -Még, astrometry cannot provide cross

identification of such weak stars with catalog, which makes e.g. publication of such stars problematic as sdch cross
identification must be performed later manuallidsingUSBEB1.0 catalog solves this issue, but we lose important

information about bright stars in the field (color indexetc.).
Theabovedilemma is solveéh SIP®y the ability to use two catalogs for plate solving.

1. Astrometryis performed withPrimary catalog. Also, stars on image are matched vethavailable stars in
primary catalog.

2. Then aSecondarycatalog is used, this time not to perforastrometry(it was already performed using primary
catalog), but only to match remaining stars and obtain their cidsstification.

The Astrometry catalog parameterslialog box, opened by th = Cetelegparmeters| ) ;1101 - allows specification of the
primary and secondary catalogs. If no secondary catalog is to be used, selentitfcned value as the catalog type.

Astrometry catalog paremeters X

Primary Catalog:

Catalog type: Ucacs -
Catalog folder: Ch\CatalogshUCACS,

Limit Mag.

Secondary Catalog:

2nd catalog type: USNO-B1.0 A

2nd catalog folder  Ci\Catalegs\USNO-B1\

2nd limit Mag.: 18

Sometimes a catalog contains too many stars, for instance if a camera with a small photographic lens is used to get ven

wide field imageslLowering thenumber of stars loaded from a catalog inyposing magnitude limisaves memory and
processing time, as the catalog plat®rresponding to imageloes not contain many weak starghich are not detected
on images either way.
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TheAstrometry catalog parameterdialog boxalso allowdo definelimiting magnitude for stars from particular catalog.
If no limit should be used, clear thémit Magcountbox.

Astrometry calculation

Astrometric match is performed similarly to the mutual image alignmertept 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 calculaigidg the leassquares methodand 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
correspanding catalog star is found, the pair is recorded. Then a final transformation matrix is calculated from all
matched stars.

Parameters for imageatalog matching can be modified in theage/Catalog matching parameteialog box, opened

=
by thel=@ Match pararmeters button.

Image/catalog matching parameters X

Mumnber of brightest image stars used for matching: 15
Mumber of triangles created at image: 455
Mumber of brightest catalog stars used for matching: 15
Maximum number of skipped brightest catalog stars: 4
Mumber of triangles created at cataleg plate: 455
Limit to consider triangles similar: 0.005

Span of cataleg plate (in image angular size): 1

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 seNusibgr of brightest
image/catalog stars used for matchingpuntboxes.Noneditable edit boxes labeleMumber of triangles created at

imagée catalog plateshow the Lc’y number or how may triangles will be created from the defined numbe\ sfars.

The Maximum number of skipped brightest catalog stgrarameter allows to overcome possible matching issues
occurring on images taken with cameras equipped with-A®G sensors. Bright stars within field of view are often
affected by blooming and thus are not recognized as stars by SIPS, regardlessedrstaparameter 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 ze8tPS 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.

TheLimit to consider triangles similaparameter defines the maximal difference between image and catalog triangle
side ratios to be considered similar.

The last parameteBpan of catalog platdefines 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 mattéh 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 match.

Hint;

Increasing of théSpan of catalog platgparameter can be useful when astrometry is used to precisely ghit
telescope mount.
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The typical procedure involves taking an image after teles€@perooperation. If the match is found, then the
image center coordinateare synced with telescope mount to inform the mount where it actually points. The
subsequentGo Tocommand 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, he initial longdistanceGo Toprecision should determine th8pan of catalog platparameter 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 ensAstrometry reliably finds the telescope
equatorial coordinates.

Calculate

Actual astrometrycalculationis invoked by th¢®= ™= | pytton.
Hint:

If the stars are not searched yet, tt8olve platebutton does the search first. So, for regular usage, just click the
Solve platebutton and it does all necessary steps. Exphditd starsbutton 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 modifie
(asterisk follows its namelfter 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, #strometrytool fills most of the remaining columns in the table
of all found starsAt last equatorial coordinates, corresponding to the detected centroid of each star, are shown in the
table.

Hint:

After the image is solved and thmage Infotool is opened, also the equatorial coordinates of the pixel under the
mouse cursor are displayed.

If anystar on image is matched withcarrespondingstar in catalog, the first column in the table is filled wathasterisk
character andalsoother columns are filledusedcatalogand identifier in the catalog, catalog equatorial coordinates,
possibly color indexes ejc.

Astrometry tool and imageindowsinteractions
The selectedvindow with asolved image and théstrometry tool, showing a table of found and matched stars
mutually react to selection of a star.

9 Ifand star is highlighted at the image by left mouse click Asteometry tool window highlights a line with the
selected stafthe table is possibly scrolled to show the line).

1 Similarly, if any line is selected in tstrometry 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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Astrometry (Field Curvature: C:\. NTCMT_C5-150_Para.sfc [ON])

I Catalog Match

Telescope Sync || View || Brightness Monitor

:f ﬂ *-ﬁ Plate parameters m Manual astrometry ¥ Name Q
N 5 Catalog parameters J @ Cataleg ]
Calculate Calculate :i; Generate text report | _ Find
astrometry photometry 5@ Match parameters ) RADec star
CAFITSVAuryAurl_Clear_0000.fits
*  Name X px ¥ px R.A. Dec. Flux FWHMx p FWHMy p FWHM: " FWHMy " | Catalog | Cat. Name
1488 139,22 21894 055241073 +300344.03 ﬂ
1489 425137 5271.55 054548383 +315336.25 =
1480 * 247999 1957.87 054847.636 +304149.33 UCACA  604-024906
1491 * 271694  2660.31 054824.011 +305703.08 UCACA  605-025126
1482~ 564.29 3602.08 055202.718 +311901.62 UCAC4  607-024854
1483~ 2112.55 3828.85 054925774 +312217.27 UCAC4  607-024028
1494 5189.89  515.27 054415397 +301033.78 ﬂ
1] I ]
Matched stars: 18886 Image center RA: 05h 48m 22.894s Dec: +30° 57' 06.63" Residuals RA: 1.07" Dec: 1.02"
™ CARITS\Aurt\Aurl_Clear_0000.fits =[a]x]
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. 16 Size: 3456 % 5326 Span: 0.. 65535 Stretch: 378 .. 2475 Zoom: 21

Finding stars in the star sheet

Stars within the Astrometry windowheetcan be selected by searchiagcording tovarious criteria using the tools
available in the=ind Staribbon:

1 ByobjectName text defined in theNamecolumn 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 hame can be the found.

Hint:

TheVSX database lookufills the names with the object primary name within the VSX catalog. Such name
can be then found using this option.

1 ByCatalogidentification: stars, matched with catalog, can be found by the catalog identifier (content of the
Cat. Namecolumn).
1 By equatorial coordinateRA, Decthe entered test is parsed for R.A. and Dec. values and the coordinates are
then searched. The coordinate formatagbitrary; SIFStries to properly parse coordinates entered in various
formats:
o0 Twodecimal numbers are interpreted as R.A and Dec. in decimal degrees.
o ¢¢2 aGNARYy3Ia RSEAYAGSR o6& o0flyl10a0 NS AYyGSNLINBGS
form. The delimiters can be arbitrary nghdzY SNA O OKI NI OGSNE>X a2 |t a
b55RaaY{{®aaé¢ IyR aAAYAfI NI RSEtAYAGSNA INB | OOSLIi S

o {AE &AGNAYy338 RStEAYAGSR o0& oftlyla INB AyGiSNILINBGSR |
Highlighting catalog stars

Once the image is solved, SIPS highdigidtching 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 USNEB1.0 as a sendary one.

™ CAFITS\DEMO\2017-08-30 (Sge crop test)\5ge1_0004.fits *

P2 @

. 16 Size: 1536 % 1024 Span: 0 .. 65535 Stretch: 1443 ., 2709 Zoom: 3:1

Similarly to highlighting found stars by green circles, also red cisblesing catalog star positions partially obstruct

Hide
original datamake the imagaelifficult to perceiveand slows image drawing\notherView ribbon optionbutton | =g
allowsto hide thered circles arounctatalogstarsand orange relation lines

Hint:

This option button is synchronizdéattweenAstrometry and Photometrytool windows Catalochighlighting can be
turned on or off in any of these tools and changes are propagatéldetother opened tool window.

Astrometry report

The ! Genemtetetreport | b 1vion onens 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 reporObject can be arbitrary named using theme column of the table displayed in

the Astrometry tool window.
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Astrometry (Field Curvature: C TCMT_C5-150_Para.sfc [OFF] — O

Star Search Catalog Match | View || Field Curvature || Telescope Sync ~

E Find stars i J : ﬁ Plate parameters ﬁ Solve plate manually V Hide stars
- Cancel found stars - qi Catalog parameters }‘ Generate text report

Solve .
ﬁﬁ? Search parameters plate EE Match parameters [0 Calculate photometry E Hide catalog

CAFITS\DEMON2017-08-30 (Sge crop test)\5gel_0004.fits

* Name X px Y px R.A. Dec. Flux  FWHMx p FWHMy p FWHMx " FWHMy " | Catalog  Cat. Name  Cat. R.£
209 * 1520.81 3577 201231.059 +16411741 UCAC4 334121372 2012 Bﬂ
210 * Starl 1130.74 27702 201307963 +164634.08 UCACA  524-121638  20130—
21 * 1440.90 600,12 2012 39.2091 +16 53 56.56 UCAC4 535123574 20123
212 * Stard 1221.49 879.72 2013 00.265 +170009.15 UCAC4  536-126318 20130
213 * 485,54 239.43 201408429 +164530.84 UCAC4 534122114 20140
214 * 359.01 81427 201421.168 +165822.85 UCAC4  535-124354 20142
215 * | 279.73 87295 201428702 +165940.18 | UCAC4  535-124423 2014 Eﬂ

4 T} 4

Matched stars: 7263 Image center RA: 20h 13m 42,327s Dec: +16° 51" 44.25" Residuals RA: 0.41" Dec: 0.41"

Fi Text = O x

Eile Edit Options

Fl=]=l X Q&

Starl C2817 88 38.78714 28 13 87.963 +16 46 34.98 | 4

B‘Star“z C2817 88 38.78714 20 13 ©8.265 +17 @8 89.15

4] I | ]
1:1 Insert

The text report format follows the Minor Planet Cenfermatting rules. Each line begins withbject 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

TheTelescope Syndbbon of the Astrometry tool window allows high precisio®o Tooperations of the telescope
mount. Depending on the telescope mount quality, precision of its polar alignment, telescope tube conic error etc. the
longrangeGo Tooperation may endf the target by many minutes or even degre&ait even if the telescop&o 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 telescGpeTomove finishes, finds the actual equatorial
coordinates, to which the telescope points. The Astrometry tool thkows ugo performthree actions:

L

Sync
TI center

button invokes theSynccommand on the telescopenount with newly determinedimage center
coordinates. This command sets the mount controller current coordinates, which were of by an error caused
by abovementioneduncertainties. So, after th8ynccommand the mount knowsexact coordinates to which

itis pointingand subsequent (very shoi®o Tocommand to the original coordinates is usually capable to place
object in the field of view center with very good precisithe originally setNew R.A.and New Dec.
coordinates remained from the origin&o Tocommand)

Hint:

If is of course possible teepeat this procedure several times to achie@® Toprecision on the very
mechanical limits of the telescope mount.

L4

RA/Dec
TI center

button overwrites the telescope moumMiew R.A.andNew Decwith determined image coordinates. It
is then upon the user to manually synchronize the mount with new coordinates. While the mount is then

96



synchronized with the sky, the disadvantage of this procedure is the coordinates of the target objectjstored
the New R.AandNew Deccontrolsprior to Go Tocommand, are overwritten.

%
RA/Dec
i 2t putton overwrites the telescope mourilew R.A.and New Decwith coordinates of thestar selected
in the active imagédor in the Astrometry window star sheetq see theAstrometry tool and image windows
interactions). This command can be used to center the desired star in the field of Xiéer the star is selected
and theRa/Dec starommand is invoked, th&o Tocommand should center the stdf.the star is not in the
image center, precisio®o Tqinvolving repeatedstrometry and telescope mount synchronization with image
center (theSync centecommand) can be used

Photometryprocessing
Despite the photometry processing of a series of images is handledénjieatedPhotometrytool, also theAstrometry

Calculate
tool allows calculation of photometry on single image using P"%°™<% | pytton. The main purpose dhe 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 frgpmdiwnetry tool.
Astrometrytool uses photometry processing only as an optional step in additi@stmmetryand thus it does not

offer controls for photometry parameter settings.

Astrometry (Field Curvature: C\.NTCMT_C5-150_Para.sfe [ON])

I Catalog Match
&m i‘ﬁ Plate parameters m L T 1 Mame
L 1 — L —

Find Star | | Telescope Sync

= Catalog parameters 1@ Catalog  605-025126 )
;::;;:Z:; pﬁ;:‘.:::et:r}f 2\t parameters F| Generstetextreport | g p o
CAFITSVAurThAur_Clear_0000.fits

* Mame  Kpx Y px R.A, Dec. Flux FWHM:x p FWHMy p FWHMzx " FWHMy " Catalog | Cat. Name
1488 139.22 21884 055241173 +3003 44.03 64355 3.2 3.08 418 4.0 -
1489 425137 5271.55 054548383 +31533625 108231 3.2 3.13 418 407 =
1490 2479.99 1957.87 054847.636 +304149.33 74130 275 2.73 3.57 3.55 UCAC4 | 604-024906
I-
1492 56420 3602.08 055202718 +311901.62 332 3.26 432 4,24 UCACA 607-024854
1493 * 2112.55 3828.85 054925774 +312217.27 33846 292 2.92 3.79 3.80 UCAC4 607-024028
1494 | 5189.89 515.27 054415.397 +301033.78 81556 2.84 2.96 | 3.69 3.85 Jj

4 {111 »

Matched stars: 18886 Image center RA: 05h 48m 22.894< Dec: +30° 57" 06.63" Residuals RA: 1.07" Dec: 1.02"

™ GARITS\AurTh\Aurl_Clear_0D00.fits *

Mow

! 16 Size: 5456 x 5326 Span: 0 .. 63535 Stretch: 378 .. 2475 Zoom: 2:1
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When photometry is processed the table displayed in Aserometry tool window is filled also with each star FWHM,
calculated independently in the x and y axes, and expresses in both pixels sswtancis.

Also, the highlighted star is shown with automatically calculated aperture as well as the background ring. See the
Photometrytool description for more details.

Ensemble photometry
TheAstrometry tool also support€Ensemblgphotometry calculation (see thé&hotometry tool descriptionas well as
Appendix C: A short introduction to photometrfor detailsabout ensemble photometiy

Ensemble Photometry

g Colorindex:  Sloang'-r' j Color term order: 2 :I

Passband:  Sloan g’ v | Spatial term order 2 N
Ensemble J F :I

photometry 0 Get Passhand from Image  Calib, stars limit: 1DDDﬂi|

The ensemble photometry calculation shows the results in the dialog box, containing two talbst fEseltstab shows
input parameters (Passband, Color index), numbestafs used for calibration and also the resulting transformation
function.

Ensemble photometry results

Fit resultsl Residuals chart

Color index: S5loan g'-r" <
Passband: Sloan g’

Cal. stars: 899

Chin2: 7.351

Fit: mag = -2.5 * logl@( flux ) + 25.182194 + 8.801611 * c + 0.817556 * c*2 + 0.804298 * x - J
N | ]
Hilight calibration stars upon close

The Residualghatt shows a dependence of theesiduals (calculated magnitude vs. catalog magnitude) on the
magnitude:

Ensemble photometry results

Fit results I Residuals chart

Stars limit: 800 il E

dMag

0.40 4

0.20 A

0.00 T T T T T f T T T T T T T T
-0.20411.20 1140 1160 11.80 12.00 12.20 1240 1260 12,80 1300 13.20 1340 13.60 13.80 1400  Mag

-0.40-

Hilight calibration stars upon close

TheStars limitcount boxallows ugo limit the chart content to a defined number of brightest stars in image.

Hint:

It is possible to click to amyoint in the chart. The Astrometry tool theselecs the corresponding stain the star
sheet and also highlights it in the image.

TheHighlight calibration stars upon closeption can be used to highligistars in the image:
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File ‘ View ‘ Edit ‘ Transform ‘ Tools ‘ Settings [l Help ‘
B Save Import raw New Image @ New List z &2 FIsl r |
3 & i P | M O
v m Save As... Export 8-bit D Close Images @ Close Lists —_— ¥ - v | >
Open 16 . o X ‘ Histogram Image Calibrate Image FITS |Image Blink  Stack Stack Create | Astro- | Photo- P}
153 16x32bits  Export 16-bit {J Find Image @ Find List | &Stretch  Info Math  Editor Profile Images B/W  Color Color | metry | metry
E DA\.\TOI-2046b_SloanG_0002.fits * x |
z - = TuCAGa 22-002759 ; : 3
| Il ‘ . =S r <
Imaging J C | 2 3.631 g'-r' < 0:48 . =13592 g
camera i = = Agielding 7 ; Bined i s . i . S 7
7 iz mnsitey 5 g s
e : " . : B ] i g
Guiding . . toia < e |
camera 32 S . | AC4 82 4 |
o * *| UCACA 821-003065 UCA  821-002¢ = e
s g S ) 1 __ s, 9=13%82gr'=
@ : s 1206, g <003 ;
Context | | ] %
. |
camera s > . o
o 4 A | *uca
Lol — Y Z 3
1421 T L i — A=
Focuser — S Y T - 7 -
‘ Star Search [ Catalog Match Ensemble Photometry Brightness Monitor ‘ ‘ Find Star | ‘ Telescope Sync ‘ VSX Lookup I Vled;‘ A
‘*\ 3 a Colorindex: Sloang'-r' |v| Colortermorder: 2 | | ['w’| Showmonitor ~ ©VARL e e
| UCcAcsgzi1-g — —
Telescope sid Passband:  Sloan g' 'v| Spatialtermorder 2 3 | B Monitorimages ©VAR2 s | DR AR
AR nsemble R NSO =2 =
" [ photometry Q Get Passband from Image  Calib. stars limit: 10000 - u Use Ensemble | OVAR3 Q‘ g‘ 8!
p uc 10 = —
. ‘ =h . - 1 D:AFITS\BSO\2025\02\03 (Cam1 TOI-2046b)\TOI-2046b_SloanG_0002.fits u
Flaps AR * Name X px Y px RA. Dec. Flux FWHMxp FWHMyp FWHMx" FWHMy" Catalog Cat. Name 2 |
| 1 * 270432 2751.65 010450113  +742219.40 saturated 6.25 6.66 8.12 8.65 UCAC4 822-002784 7:[
“I 2 * 44926 1884.84 011636328 +740136.31 saturated 6.70 6.1 8.70 7.95 UCAC4 821-003750———1,
3 4 46531 1840.32 011630.388 +740039.94 saturated 543 541 7.06 7.03 UCAC4 821-003742
Dome 4 % 485745  2606.59 005319.154 +741846.20 saturated 5.09 5.06 6.61 6.57 UCAC4 822-002260
(oot} : s ol 5 * 104145 153520 011324812 +735513.43 saturated 5.15 5.01 6.69 6.52 UCAC4 820-003676
B ! v * 2339.92  3479.70 010652.836 +743755.83 saturated 4.65 4.85 6.05 6.30 UCAC4 824-002633
S 7 ™ 2964.79  2241.30 010324.837 +741120.56 saturated 4.52 4.58 5.88 5.95 UCAC4 821-003044
Switches 1 ‘_'“' < “'T'f 8 o 341235 859.00 010102.875 +734127.30 saturated 410 4.60 5.33 5.98 UCAC4 819-003103
e o oo S s |
4 »
1:25)
1‘ = ‘ 5 | Ensemble photometry calculated, num. of calibration stars: 899, chi*2: 7.351 =
ho——... I . — e
Weather | ¢ L‘
< ‘fs.t,.ﬂg_on - l 16 Size: 5456 x 5326 Span: 490 .. 65535 Stretch: 572 .. 1739 Zoom: 1:1
Remark:

Highlighting calibration stars cancglsssible 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 ste
somarking 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 th
image.

Remark
The VSX database lookup requires internet connection to query the database online.

Controls allowing the VSX database query are grouped iW8X Lookupibbon.

VSK Lookup

- Lirnit Mag:
=
Lookup
V5K = Clear VSX

Hint:

TheNamecolumn is filled with the primary name of the star in the VSX database, providing the Name of the object
was empty(not already definedby the user) The name can be then used to find the star usingtinel Starribbon
tools.

TheLim.Magcount 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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A d P ]

Star Search | | Catalog Match 4/c || View || Brightness Meniter | | VSX Lookup || Field Curvature ~
&5 Plat et Limit Mag:
a ﬁ SRS H Manual astrometry ‘i 2 .
' Catalog parameters E :I
Calculate Calculate 3 Lockup i
astrometry photometry _.5 Match parameters z e E T VSK uz Clear V5K

CAFITS\AurTvAurl_Clear_0000.fits

* Mame  Xpx Y px R.A, Dec. Fluzx FWHMx p FWHMy p FWHMzx " FWHMy " Catalog | Cat. Name
1488 139.22 21894 055241.173 +3003 44.03 64355 3.22 3.08 418 4.0 <
1459 4251.37  5271.55 054548383 +31533625 108251 3.22 3.13 418 407 =
1490 247999 1957.87 0348 47.636 +304149.33 TN30 275 273 3.57 3.55 UCAC4 | 604-024906
l
1482 564.29 3602.08 055202718 +311901.62 332 3.26 432 4.24 UCAC4  607-024854
1493 ¢ 211255 382885 054925774 +31 21727 33346 292 292 379 3.80 UCAC4  607-024028
1484 | 5189.89 51527 054415397 +301033.78 31556 2.84 2.96 | 3.69 3.85 Jj
4 111} 4

Matched stars: 18386 Image center RA: 05h 48m 22,8945 Dec: +30° 57" 06.63" Residuals RA: 1.07" Dec: 1.02"

T CARITS\Aurt\Aurl_Clear_ 0000 fits *
M M

A [

Gaia DR3 34 _.) 769
O DSCT|GDOR|SKP
& @ @ ©)
<] I ]
! 16  Size: 5456 x 5326 Span: 0 .. 65333 Stretch: 378 ., 2475 Zoom: 2:1 A

Remark

TheVSX 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 fdits,instance because some bright stars are missing from the catalog or

GKSNBE Aada | ONARIKG RAFTTFdAdzaS 202S00G Ay (GKS FASER 27t JASs

is possible tamanually mark pairs of stars on image and stars in catalog [ Solve platemanually | 111 opens the

Manual plate match with cataloglialog box.

If enough pairs are marked (at last tree), astrometry is calculated the same way like in the case of automatically found
star pairs.
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