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Set up

CFG button (at the top)
Reset all menu tabs to defaults does that for all Tabs 0 through 6 and all Tools.
	Otherwise, all Tabs have the settings used in the last run of APP.
RESET to defaults button (and click Save), resets all screens to default layouts.
(APP opens with Tabs and Tools settings from the previous run).
Can turn off and on tool tips and change gong sound.
Can float windows; e.g., separate viewer window for a separate monitor.
“OpenGL4” button: click to make it green (not red “CPU”).

Set Working Directory generally to the folder with the light frames



[bookmark: Basic]Basic Workflow

See following page 9 for recommended StarTools settings
	
Tab 0: settings are only important if using an OSC narrowband extraction algorithm.
For OSC Ha/OIII narrowband lights, see p. 10 below for algorithms to use.
Otherwise, can skip Tab 0 for the ASI294MCP and ASI2600MM cameras.
Bayer pattern: supported (default) is ignored for mono lights.
	RGGB is inputted for Bayer pattern from the ASI294MCP FITS Header.
Algorithm: Adaptive Airy Disc (default) is best for integrating light frames
Don’t worry about the next three boxes for mono or for the ASI294MCP.
Force Bayer/X-Trans CFA: confirms OSC camera if not in FITS header.
	Make sure it is not checked for ASI2600MM.
Next 2 boxes are for DSLR’s and don’t adjust the RGB multiplier sliders.

[bookmark: Load]Tab 1 Load
	Other/Processed button at top loads an integrated image for further processing.
		Don’t use that button for aligning integrations or for a mosaic.
Multi-Channel/Filter: uncheck for OSC lights, or single filter lights integration.
Enable (default) for loading mono RGB lights.
	Allows loading files together and use “Apply Filter header” in the popup.
Multi-Session processing: enable if more than one session of light frames
Auto-detect Masters & Integrations box (default).
Allows masters to be used and loaded with any load button.
	If unchecked, masters must be loaded with correct master button.
Also allows a previous APP integration to be loaded with any load button.
If loading with the top Other/Processed button.
			If unchecked, that file is loaded as a light frame.
Option to enter a DeepSky object name (or can enter it later in Integration Tab 6).

	Load Lights with Light button
		For OSC lights if Multi-Channel or Multi-Session was checked, in pop-up:
Check bottom box (default), and click OK.
		For RGB (and L if available) lights, can load them individually or all together.
			Enable “Apply Filter header” (default) in the channel popup and click OK.
		For multiple sessions, load lights separately by session and assign a number.
			Load respective calibration frames separately by that session number too.

		After loading light frames, can review individual light frames by clicking on each.
			Can enable stretch and neutralize background in right panel
			Can scroll through lights with up and down arrow and reject bad ones.
				Or can wait until after subsequent steps to reject before Integrate.

Load Calibration files with respective buttons:
Can load Flats and Darkflats for LRGB channels all together.
 		Enable “Apply Filter header” (default) in the filter/channel popup.
	Darks are need for ASI 294; ASI2600 doesn’t need them.
Dark frames’ exposure, gain, offset, binning, and temp must match lights.
		Dark frames need DarkFlat or Bias frames (not masters).
	Flats are always needed; needed for each set of filters used.
Flat frames need DarkFlats; or Bias frames (not masters) if no DarkFlats.	
		Dark Flats needed for each set of Flats. (If no DarkFlats, can use Bias frames).
			Dark Flats must be same exposure, gain and bin as the Flats.
				Exposure must be exactly the same as the Flats to the last decimal.
			Dark Flats of any settings can be used by Dark frames (for ASI294).
Bias frames are needed if DarkFlats with exact exposure as Flats are not available
Avoiding loading Bias frames for ASI294.
	But if really necessary, take them cooled and above 2 seconds.
Seems ok to load bias for the ASI2600.
Bias frames are needed if using Scale MasterDark; see following Tab 2.
Bias frames are loaded for “all channels” for “all sessions”

Using Master calibration files instead of sets of individual calibration frames
Option to load saved master calibration files with Master buttons.
Assign the correct filter and/or session as needed.
APP will use the master(s) for Calibration and won’t create new one(s).
Masters must be prepared correctly corresponding to the loaded light frames.
		See Calibration files below for creating Master Dark(s) and Master Bias.
			Flat and Dark Flat Masters are camera setup session specific.
			Can use masters saved from initial calibration to process lights again.
	Load Bad Pixel Map: APP will use the loaded BPM and won’t create new one.
		A properly created BPM can be better than one created with the current files.
		See creating a BPM for general repeated use.

Note: Instead of Tabs 2-5, can go to and execute Tab 6 Integrate which does Tabs 2-5 too.


[bookmark: Calibrate]Tab 2 Calibrate (creates or uses previous master calibration files and applies them to lights)
Leave settings at Automatic (default) in the first part for creating the various Masters.
Will select average or median and rejection filter based on number of frames
BadPixel Map setting leave at Automatic (default)
It is better to load a previously created BPM in Tab 1 (see above).
	If the integration has odd shades of light in it, maybe set create BPM to Disable;
Or, maybe set create BPM to Enable and increase Hot pixel kappa.
	The BPM should have only bad pixels; not any amp glow.
			
Cosmetic Correction: typically leave all boxes unchecked
	Others recommend to check all 3 boxes.
	See below Optional check of light frames to see if any correction is needed here.

7 boxes above the Set Save Directory and calibration execution buttons:
Enable all except scale Master Dark and scale Master Dark Flat (default).
Scale MasterDark: enable to use longer exposure darks for shorter light frames.
	Don’t use this, especially for ASI294, unless absolutely necessary.
That longer Master Dark must be created from Dark and Bias frames.
That is, don’t load previously created Master Dark or Master Bias.

Set Save Directory: Click to set folder where master calibration files are saved.
Best to create a new calibration files subfolder.
Those masters can be used for later calibrations of these light frames

Option to go on to Tab 3 or execute Tab 2 calibration:
Click Create Masters & Assign to Lights to calibrate the light frames here.
	Any loaded masters will be used instead creating new ones.
If all needed masters are loaded, can click (re)assign Masters to Lights.
		Frame column in log will display applicable “MD,” “MF,”, “MB”, and “BPM”.

	Note: Do not try to re-run Calibration on lights already calibrated.
		To run a different calibration, delete the light frames and re-load them.

Option to check the calibrated light frames if executing the calibration now:
Open a light frame and select Calibrated in top drop-down menu.
Or mouse right click on it and select l-calibrated from popup menu.
Can zoom in and stretch it in the right panel to see details.
		Compare the calibrated light to the raw light.
If there are problems, maybe enable Cosmetic Correction in the left panel.
E.g., if dark pixel column lines, enable cold column kappa.
Lower kappa increases the correction effect.
Can damage data if kappa is lowered too much.
Click l-calibrated again to see that cosmetic correction result
	Can undo or change the settings to see different results
That correction is applied to all of the lights.
Enable hot pixel kappa, maybe at 6, to help sharpen stars?????
	
Option to save the calibrated light frames at the bottom of Tab 2.
E.g., if splitting out RGB channels from OSC data.


Master Darks for the ASI2600MM can be particularly useful:
In Tab 1 load dark frames and bias frames; don’t load light frames.
	Match the lights gain of 100 and bias of 30.
	Set exposure of dark frames at the high end expected for lights.
		In Tab 2 use default automatic settings:
Set a Save Directory and click Create Masters & Assign to Lights.
Load that Master Dark when calibrating ASI2600MM lights:
As long as the light frames exposure ≤ the Master Dark exposure.
	In Tab 2 enable Scale MasterDark 
Use the Create Masters & assign to Lights button.
This doesn’t work for the ASI294MCP because bias frames are problematic for it.



[bookmark: AnalyseStars]Tab3 Analyze Stars
Typically defaults are good:
Automatic #stars target: checked and number set to 500.
		Cosmic ray/noise reducer: unchecked and typically not needed.

Option to go on to Tab 4; or click Analyse stars button:
Creates a star map and determines an initial quality for each light frame.
Puts # Stars, Quality score, FWHM, and Star Shape in log for each light.
STAR is displayed in the frame column for each light.
A reference frame for registration is set with REG in Quality score column
			(Can be changed in the following Registration Tab 4).
	The min/max FWHM is for the median star in the image and shows its roundness.
That and Star Shape (probably PSF) set the Quality for the median star and image.
Open an image and select Star Map in top drop-down menu to see its detected stars.
The right panel displays min/max FWHM and PSF graphs for the median star.
Min and max are measured perpendicularly on the star.
A review of the star maps could show bad stars or non-stars being detected.
The min vs max FWHM being out of whack can also indicate problems.
		See Sorting light frames below.


	Bad images from clouds, bad guiding, etc. can result in faulty star mapping.
 	Small artifacts such as noise clumps seen as stars, can also be problems, resulting in:
Tab 4 Registration failures on some lights, and/or
Blurry stars or objects in the integrated image.
Possible solutions to the non-star detection problem:
Reduce Automatic #stars target, maybe to ~100 to force using bigger stars.
Enable cosmic ray/noise reducer to exclude artifacts from being seen as false stars
Set lower-limit pixel size to ~6-10; maybe ~10-25 for long focal lengths.
Is Tab 2 cosmetic correction increased hot pixel kappa a good solution???



[bookmark: Register]Tab 4 Register  (aligns frames based on their detected stars)
	Default settings are usually ok to use 
		(See Mosaic for needed registration settings).
	Option to change reference frame by clicking Set reference button.
		Can sort the lights by their Quality score or FWHM numbers in the log.
			Higher FWHM number = smaller stars’ size and better roundness.
	Pattern recognition descriptors: Default quadrilaterals and 1 and 5 scales are fine.
Dynamic distortion correction: Leave disabled.
It can distort the final integration if enabled when not needed.
It can help if stars can’t be aligned well and registrations fails on frames.
Usually only needed if registration fails or if has poor alignment.
E.g., if the values are high in registration RMS log column.
				For OSC, good RMS values are 0.1 to 0.2 pixels; .5 to .75 are bad.
Might enable to see if such values can improve.
	Distortion margin: default 0.005 is typically ok.
		If registration fails, try raising it.
			
Same camera and optics: Enable (default) if all frames are from same camera and optics
Disable if lights are from different cameras or have already been registered.
Disabling allows different distortion corrections on each frame
			Could help if there is bad optical distortion across the frames.

	Option to click Start registration to see results; or just go on the Tab 5.
		REG is displayed for each registered light in the log frame column.
			Quality score is updated and registration RMS error is filled in.

If registration fails on some lights, maybe enable DDC or disable same camera optics. 
See also Tab 3 above for possible star detection problems and solutions.
Or, just deselect the failed frames and go on to Normalization and Integration.



[bookmark: Normalize]Tab 5 Normalize
	Regular mode (default) is good if all lights are from the same session.
Use Advanced if lights are from different sessions or have a different FOV.
	Never hurts to enable Advanced; but it can take longer to run.
Neutralize background: enable (default) removes the need to do that in Pixinsight?
Recommended to uncheck it if processing in StarTools.
	Click Normalize lights; or just go on to Tab 6.
		NORM is displayed for each light normalized in the log frame column.
			Quality score is updated with SNR data.
Don’t need to save normalized frames in the bottom of the panel.
(Unless saving aligned integrations).




[bookmark: Sort]Sorting and viewing light frames during processing
As Tabs 2 through 6 execute, the Frame List Panel columns are populated for the lights.
	Click on a column heading to sort the light frames according to that column data.
		Or, select which column data to use for sorting at the bottom of Tab 1.
	That selected frame sorting order is also plotted in the Tool Output window.
The Tool Output Window plots the light frames’ available column data.
The light frames are ordered by above the column data selected (see above). 
	Click (right mouse or two fingers) on that Window opens the light frame window:
		Can load selected light for review at various stages of processing;
			Top drop down menu can easily step through those stages.
		Can deselect that light frame to remove it from further processing; or
Click to open Plot Analytical Data window to select which data to display.	 
Quality calculation for light frames changes as the processing Tabs are executed:
After Analyse Stars, Quality is based on number of stars x median star shape
		After Registration, Quality score includes the RMS deviation factor
		After Normalization, Quality score includes SNR.




[bookmark: Integrate]Tab 6 Integrate

Multi-Channel/Filter options:
OSC lights will be integrated together into a color integration regardless of setting here.
Options if two or more channel/filter of lights are loaded in Tab 1:
Integrate per channel (default), or Integrate all together, or both.
E.g., if R, G, and B channels are loaded, integrate all creates a mono synthetic L.
	(See other options for creating synthetic L). 
Multi-Session options: only active if more than one session of lights was loaded in Tab 1.
	Options are Integrate all together (default), Integrate per session, or both ways.

Lights to stack percentage: Set percentage/number of lights to stack with the slider.
	Can click to highlight the slider button and use keyboard left and right arrows to adjust.
Quality column shows which light frames will be ignored and which will be integrated.
How to reject bad/low quality ones??? Must set “weights”???

Integrate method:
Automatic (default): based on number of lights automatically sets:
Average or median integration, equal or quality weights, and outlier rejection.
Alternatively, manually select the Integrate method settings:
Average (best for more than 20 lights); or Median for less than 20.
Weights and Outlier rejection settings are available to set manually.
Weights: progressive weighing factor given to the light frames for stacking.
Quality (default): uses the light frames’ calculated Quality score
Usually give best result for noise and sharpness combined.
			Equal:
			Exposure:  Favors longer exposure frames with typically have higher SNR
Integration may have higher SNR but maybe not be as sharp.
			Star shape: Favors frames with best star size and roundness shape.
Frames with poor star shape (e.g., with bad guiding) are punished.
			Noise:  Favors frames with the lowest calculated noise.
Outlier rejection parameters to remove satellite trails, bad pixels, etc.
Local normalization rejection: optional brightness correction to help filter.
			Can enable after Filter selection for lights with varying brightness.
Filter: selects the filter to use to remove outlier artifacts from some frames
Adaptive rejection: best if integrating more than 20 frames.
Winsorized rejection: recommended for less than 20 frames.
Kappa low and high: sets aggressiveness of the outlier rejection filter
Defaults of 6.0 low, and 3.0 high are generally ok
??Note: lowering either number removes more outliers and data
Diffraction protection: prevents star artifacts from outlier rejection filter.
None (default) is typically good.
If varying star quality (e.g., several night captures), try 5-10 pixels.

Composition mode: Full (default): integrated image will include all pixels from all frames.
Reference: integrated image will be that of the reference frame.
Crop: allow integrated image to be set as part of the reference frame.

Local normalization correction LNC: (different than the above local normalization rejection)
LNC smooths out illumination locally within light frames in addition to globally.
	Results in better gradient and light pollution removal on the integrated image.
Useful with lights from 
LNC helps with high Bortle skies or changing conditions, or lights from different nights
Apply a minimum LNC of 1st degree and 1 iteration (maybe increase to 3).
Maybe see if 2nd or 4th degree LNC and 3 iterations (or more) helps.
Will take more processing time.
	Note: Color images take 3 times as long because each R, G, and B channel is processed.

Multi-band blending MBB: Can reduce seams between different sets of frames and at edges
Generally not needed; can crop out any dark bands on edges of image.
		Maybe use 5 to 15% MBB for Normal (as opposed to Mosaic) integrations.
Important to use MBB for Mosaic integrations.  See Mosaics below.

Integration output maps: don’t need to check boxes for any of those

Pixel interpolation:
Filter: Lanczos-3 (default algorithm and is generally the best to use)
	No under/overshoot: enabled (default) to prevent artifacts around star borders.
	Kernel: TopHatKernel (default)
Droplet size: 1.0 (default for non-drizzle integration); for drizzle setting see below.

INTEGRATE (at the bottom of the panel):
	Mode: Interpolation (default); if drizzling, see Drizzle settings and OSC drizzle below.
Scale: 1.0 (default)

Click Set Save Directory to set/create the folder where to put the integrated file(s).
Click Integrate to run integration (along with any unrun previous tabs).

[bookmark: OverUnder]Integrating Over and Under sampled data

For oversampled data
Downscaling of oversampled data reduces noise and resolution (similar to binning).
	Reducing resolution is not a problem when seeing, not pixel scale is the limitation
		Downscaling native resolution images is usually better than binning at capture.
     Options to downscale (bin) oversampled data:
	1.  Set scale at the bottom to less than 1.0 (with Integrate mode set to interpolation)
		E.g., use lanczos-3 filter for Integrate interpolation mode with scale ~0.5.
		Can use Cubic B-Spline instead of lanczos-3 at 0.5 scale for extra noise reduction
			It is not as sharp as lanczos-3, but that is less of a problem for downscaling
		Note: 0.5 scale = downscaling 50% equivalent to 2x2 binning
	2.  Use Bayer/X-Trans drizzle Integrate mode for OSC color (overrides Tab 0 algorithm)
Set pixel droplet size greater than 1
		E.g., Bayer/X-Trans (for OSC) with droplet size of 3.0 (with scale still at 1.0).
			Leave kernel at topHatKernel (default)
	3.  Use combination; e.g. drizzle with droplet of 2 to 3 pixels and a scale factor of 0.5.
(Or maybe or use a scale of 0.5 and the Bicubic or Catmull-Rom Spline filter)
(Cubic B-Spline keeps pixel size but blurs to reduce noise and detail)
[It’s available but don’t use Super Pixel algorithm under Tab 0.  It is not the best.]

Note:  With LX200 at focal length of ~2000mm or more and the ASI294 camera, 2x2 binning is recommended.  For poor seeing, 3x3 or 4x4 may be recommended.

For under-sampled data
     Options to sharpen image (but with the risk of increasing noise):
1. Upscale interpolation Mode by increasing the Scale at the bottom Tab 6 Integrate
Scale is multiple of increased pixels/resolution; e.g., 2.0 doubles height and width
			A recommendation is increase Scale ~1.3-1.6
Use only Lanczos-3 pixel interpolation filter

[bookmark: Drizzle]	2.  Drizzling mono under-sampled data
See generally: https://www.astropixelprocessor.com/community/tutorials-workflows/drizzle-for-mono-cameras/#post-4257
Note: Drizzling is different for mono and OSC color images.
 See Drizzling OSC images below.

Use drizzle only if and when:
1) lots of lights, at least 30; 50, 60, or more (to offset noise increase);
2) the lights are under-sampled;
3) they are well Dithered (10-20 pixels every 3 or so frames);
(If not well dithered, probably better just to upscale; see above).
4) image scale (arcsec/pixel) > seeing (if not, it can just increase noise).
(This requirement occurs rarely with long focal length scope).
5) use of deconvolution is usually necessary.
This page can calculate if drizzling is beneficial:
https://www.rc-astro.com/mtf-analyzer/ 
If there is red in the curve; click drizzle multiple to see if it goes away.
See here: https://www.youtube.com/watch?v=xfRGitQ7usk&t=1404s 
		
		Drizzle integration settings for mono (at the bottom of the Integration tab 6):
Kernel: topHatKernel (default) may be best
	Might try others for mono images.
Integrate mode: set to drizzle for mono images
Droplet size of 1.0 to 1.5 and Scale at 2.0 are suggested starting settings:
	Vary the droplet size and scale to see the result
Smaller the droplet = sharper and noisier result
	Some suggest 0.8 is a good setting
Scale above 1.0 increases resolution
			Others say Scale of 2.0x and droplet size of 1.0 and 80+ frames
				If fewer frames or noisy data, use droplet of 1.5.
			
	Speed up testing of settings: use small area with Tab 6 Crop Composition mode.
		When happy with result, change mode to full and Integrate the full frame.



[bookmark: OSCdrizzle]Drizzling OSC Images

Explanations and recommendations for OSC drizzling:
https://www.astropixelprocessor.com/community/tutorials-workflows/bayer-drizzle/#:~:text=Bayer%20Drizzle%20is%20like%20an,R%2CG%2CB%20channels
https://www.astropixelprocessor.com/community/main-forum/question-about-drizzle-bayern-matrix-while-using-ha-oiii-filter/#post-31304 

	OSC Bayer drizzling drizzles each color channel to “fill in” holes in the Bayer matrix.
Mono drizzling drizzles all “luminance” pixels to smooth under-sampled data.
	Bayer drizzling can help OSC images, regardless of under-sampling, provided:
1. There are lots of frames; some recommend 80 to 120; and
2. The captures are well dithered; some say as much as every frame.
For RGB color images, Bayer drizzle overrides Tab 0 regular Airy Disc algorithm.
	It supplements and can help Ha and OIII extract algorithms; see HOO processing

Tab 6 Drizzle Integration settings for OSC captures (at bottom of Tab 6):
Kernel: TopHatKernel
Integrate mode: Bayer/X-Trans drizzle.
Droplet Size: Perhaps start at 1.5; maybe try 2.0 and 2.5 to see which is best.
	Some say ~1.2 seems to work with good number of frames.
		Too small droplets and/or too few frames can cause artifacts.
		Some say < 1.0 is too small for color drizzling.
		Scale: Perhaps start at 1.0
			After setting droplet size above maybe increase scale to 1.5 to see result.
				Maybe up to ~2.0 for a small object needing significant crop.
				Increasing Scale increases processing time a lot.
			Another suggestion: start with Scale at 2.0 and droplet size at ?
				Then lower droplet size for best desired result.








Recommended Astro Pixel Processor settings for StarTools
In addition to the important pre-processing do's and don'ts, Startools says stacking and saving with these settings in the APP tabs optimizes datasets for StarTools:
· 0) / RAW/FITS: Adaptive Airy Disk
Uncheck the following three boxes.
· 1) / LOAD: default settings
· 2) / CALIBRATE: default settings except: 
· Disable adaptive pedestal /reduce Amp glow if possible.
Amp glow should all be removed by Dark frames.
· 3) / ANALYSE STARS: default settings
· 4) / REGISTER: default settings
· 5) / NORMALIZE: default settings except:
· Disable neutralize background. (FYI doesn’t calibrate background)
Let Wipe take care of this.
		6) / INTEGRATE: default settings, including Auto mode are ok.
Some say don’t use Local Normalization Correction or Multi Band Blending unless absolutely needed.  Others say LNC is not a problem.
· 9) / TOOLS: Recommended not use anything in this tab
They can interfere with the dataset's linearity and StarTools' tracking and noise reduction. (Others say using one pass of APP’s Remove Light Pollution can help).





[bookmark: HaOIII]Creating Ha/OIII mono files from OSC duoband captures
For HOO images.

Tab 0: 
Pattern: supported (default) is ok; APP inputs RGGB from ASI294MCP FITS header.
Algorithm: Ha-OIII extract Ha (and then Ha-OIII extract OIII; see Tab 6 below)
	Outputs mono Ha and then mono OIII integrations
Alternatively, can integrate narrow band lights with the Ha-OIII color algorithm
	That algorithm is better than Adaptive Airy Disk for cleaner Ha in the red channel 
The output is a single RGB color integration.
		That integration is usually not as good as processing extracted Ha and OIII
Note: Some say Tab 0 must be set correctly before loading the light frames.
Tab 1 Load
Load the OSC lights captured with Ha/OIII narrowband filter.
	(These lights must be uncalibrated going into the Ha-OIII extract algorithms).
	Load calibration files as usual for these lights (see p. 2 above)
Tab 2 Calibrate: usual settings (see p. 2 above), including:
Click to enable Adaptive pedestal/reduce Amp-Glow (toward the bottom)
(All 7 boxes there are checked if using separate calibration frames)
Tab 4 Register: start with usual settings (see p. r above).
Click to enable Use Dynamic Distortion Correction.
Tab 5 Normalize: usual settings (see p. 4 above).
Tab 6 Integrate
	See Integrate settings above; maybe best to use automatic Integrate method here.
	Using Bayer drizzle; see OSC drizzling above.
		Use in addition to the Ha and OIII extract algorithms in Tab 0.
Can improve results if many frames that are well dithered.

Set Save Directory for the integrated Ha file.
Click Integrate and give the file a name with Ha.
	Allow that integration to complete.
Next, immediately set Tab 0 algorithm to Ha-OIII extract OIII
	Click Yes in the popup to Normalize again and allow normalizing to complete.
In Tab 6: click Integrate (save folder will remain the same):
Give the file a name with OIII.

Process those Ha and OIII mono files into an HOO image:
Use StarTools Compose or the APP Combine RGB tool.

Note:  Option to create a color RGB file for processing an RGBHaOIII image from these data:
	Immediately after creating the OIII file, set Tab 0 algorithm to Ha-OIII color.
Click Yes in the popup to Normalize again and go to Tab 6.
Ha-OIII color only allows RGB integration; not splitting R, G, and B integrations.
Click Integrate and enter a name to be used for that RGB color file; save in same folder.


[bookmark: Align]Aligning (Registering) Separately Integrated files

All files used in Combine RGB tool or in StarTools Compose must be aligned/registered.
Mono RGB or Ha and OIII extractions from one APP integration run are already aligned.
See Crop below or StarTools Crop for cropping integrations together after alignment.
Using Remove Light Pollution tool after alignment may require running it again.

In APP: Close and restart.

Tab 0 as usual (see above for OSC camera)
Tab 1 Load
Top Auto-detect Masters & Integrations box must be checked.
Load the integrated files/channels of the image as light frames.
	Click yes if get the pop up.
	Don’t load calibration files (they are already calibrated).
Tab 2 Calibrate
Skip; don’t need calibration because all files are already calibrated
Tab 3 Analyse Stars
May need to increase enabled automatic #stars target to 2500 or higher.
		Especially with short focal length and a lot of stars.
Click analyse stars button.
Tab 4 Register:
	Option to manually set a different reference frame than one automatically selected
		Inspect the files and select the one to use.
	Dynamic distortion correction: don’t enable.
		If resulting integrations are warped, try enabling and run again.
	Disable same camera and optics
	Option to register and save or go on to Tab 5 and normalize before saving.
To save here, click start registration button.
Scroll down, set the Save Directory and click Save button.
Files are saved with -REG postfix.
Tab 5 Normalize is recommended before saving the registered files
	Note: If a separate Luminance file, don’t normalize it with the RGB or narrowband files.
	Defaults are ok:
(Other than maybe disable Neutralize background as recommended by StarTools).
Click normalize lights button.
They are in the file window with CA STAR REG NORM postfix.
	Check all of those files (default)
	Save those registered and normalized files:
Scroll down to Save normalized lights section and leave settings at defaults:
Click to set the Save Directory
Click Save normalized frames button.
	Will be FITS files with “…-reg-norm.fits” name.

These saved files are now aligned for use in APP Combine RGB Tool or in StarTools Compose.
Option to create a synthetic L file from these aligned integrations: see following page Tab 6 note.

[bookmark: SyntheticL]Create Synthetic Luminance

A Synthetic L (unweighted) can be created when integrating RGB or narrowband light frames.
An unweighted Synthetic L can be created from integrations with the below workflow:
Other options for creating a weighted synthetic Luminance file from integrations:
APP Combine RGB Tool can create a synthetic Luminance to use there.
It is not savable, but contribution from the files loaded there is adjustable.
StarTools Compose (p. 7) can create an adjustable synthetic L to save and use.
OSC captures with L-Pro filter can be used as L file with separately captured lights for the RGB.
	See https://www.astropixelprocessor.com/community/main-forum/ha-oiii-color-algorithm/#post-31919 


Create synthetic L from R, G, B (and other) mono integrations, or split out from OSC files:
If those integrations also need aligning, see Note after Tab 6 below to do that together.
Tab 0 leave at opening defaults
Tab 1 Load
		Uncheck three boxes at the top, including Auto detect Masters & Integrations
		Load selected integrated R, G, B, Ha, and/or L files as Lights.
			Maybe best to have their light pollution removed first.
			For an OSC file, can spit out R, G, and B files to use (see above).
		Don’t need calibration files; the loaded integrated files are already calibrated.
Tab 3 Analyse Stars
May need to increase enabled automatic #stars target to 2500 or higher.
			Especially with short focal length and a lot of stars.
Click analyse stars button
Tab 4 Register
		Option to manually set the reference frame
			Inspect the files and select the one to use.
Tab 5 Normalize defaults are ok
(Other than maybe disable Neutralize background as recommended by StarTools).
Tab 6 Integrate:
At the top, Multi-Session options: set to Integrate all (default)
Lights to stack: must be set to 100%
		Integrate: set to automatic
			Others suggest average or median and set Weights to SNR.
				Especially if the files to be integrated were from different nights.
		Outlier rejection: local normalization rejection filter: set to No rejection
		Local Normalization Correction: Optional depending on data
			E.g., if varying gradients among integrated images:
LNC degree set to 2nd degree and LNC iterations up to 10
Processing times increase a lot exponentially.
		Other defaults are ok.
Set Save Directory at the bottom (usually with the saved channels used)
Click Integrate to name and create that Synthetic Luminance (will be a big file).
Use that synthetic Luminance for processing with the integration files used to create it.
	If used with other channels, they will need to be aligned together.

Note: Can combine alignment or integrations with the creation of a synthetic L from them: 
After Normalize in the integration alignment workflow:
In file window, check boxes to enable which integrations to use for the synthetic L.
Then apply the foregoing Tab 6 settings.



[bookmark: MultipleNights]Combining Multiple Integrations of an Object

Separately integrate each set of lights from various scopes or nights for the object.
	If combining OSC with NB captures, split OSC lights into RGB channels to integrate.
Load those integrations as light frames using the above settings for Registering Integrations.
	In Tab 5 Normalize, set Mode to Advanced.
In Tab 6 Integrate
Multi-Channel/Filter options: integrate per channel for separate filter integrations
Multi-Session options: set to Integrate all (default)
Lights to stack: must be set to 100%
		Integrate: set to automatic
			Others suggest average or median and set Weights to SNR.
				Especially if the files to be integrated were from different nights.
		Outlier rejection: local normalization rejection filter: set to No rejection
		Enable Local Normalization Correction
LNC degree set to 2nd degree and LNC iterations to 3 (maybe up to 5)
Processing times increase a lot exponentially.
		Don’t need MBB unless big FOV or framing variations.
In that case use the following Mosaic Option 1.Other defaults are ok.
Set Save Directory at the bottom
Click Integrate to name and create that combined integration.
 


	

[bookmark: Mosaic]Creating a Mosaic Image
Use Option 1 to create the mosaic from integrated panels.
Don’t use option 2 using the collective lights; it is unstable and can take forever to run


1.  Create Mosaic from separately integrated panels
This process is NOT recommended. Use option 2 below to Combine linear integrations of the panels; not processed non-linear panel files.


First, integrate each panel’s light frames separately.
	Generally, use the standard workflow to create each integrated panel.
		(Maybe use Option 2 below to create the mosaic in one step if only 2 panels) 
Option to use Multi-Session to load each panel’s lights in a separate session in Tab1.
Then select Integrate per Session in Tab 6.
Option to remove light pollution on each panel before combining them into the mosaic.

For narrowband, create separate Ha and OIII integrations for each panel.
For OSC narrowband, extract Ha and OIII mono lights for each panel.
Create separate Ha and OIII mosaics from their panels with following workflow.
The Ha and OIII mosaics can be combined into an HOO image:
 StarTools Compose or APP Combine RGB Tool HOO formula.
RGB lights can be handle the same way to create separate RGB mosaics. 

Integrate the separately integrated panels into the mosaic:

Close and reopen APP and reset to defaults.

Tab 1 Load
	Check Auto-detect Masters & Integrations.
Uncheck Multi-Channel/Filter processing for OSC single integration per panel
		Check Multi-Channel to load multi-channel mono integrations for each panel
	Uncheck Multi-Session processing.
Load the integrated mosaic FITS panels as lights with the Lights button.
		Click yes if popup asks if you want to load an integrated file.
		Assign the correct filter or channel for mono integrations.
	Don’t load any calibration files.

Tab 2 Calibrate
	Don’t need to calibrate since already calibrated (no calibration files loaded)

Tab 3 Analyse Stars
	Increase enabled automatic #stars target to 2500 or 3000.
		Need to find as many stars as possible in overlap area for mosaic to work.
	Click to Analyse Stars (to see star numbers and quality score)
		Can click to open one and select star map in the top drop-down menu to see stars.

Tab 4 Register
	If 3 or more frames, option to click Set reference frame to select a middle panel.
		See Analyse Stars results for quality of the frames.
Pattern recognition descriptors: quadrilaterals (default) is usually ok.
Try pentagons if more than 5000 stars.
Avoid triangles; but try if there are only a few stars and integrated result is strange
     Scale start: 1 (default) is ok. (5 can work for up to 4x4 mosaic with10-20% overlaps)
     Scale stop: set to 10; increase if some frames can’t be registered, maybe to like 15.

Dynamic distortion correction can help align stars for registration/alignment of panels.
Leave disabled, especially if panels are from similar nights and equipment setup.
Try enabling it if registration fails or if integration has a weird warped result.
Enabling it when not needed, can cause a warped mosaic result.

Same camera and optics: Disable/uncheck
	
	Registration mode: Depends on the number and layout of panels.
Normal if all panels are adjacent to and overlap the reference panel.
Mosaic if one or more panels do not overlap the reference panel.
	Registration model: projective (default).

	Click Start Registration or go on to Tabs 5 and 6.
		If for some reason need to Save the registered panels after Registering them:
  Enable no under/overshoot, set Save Directory, and click Save.

Tab 5 Normalize (Mosaic panels must be normalized for proper stitching together)
	Set mode to advanced
Others say normal mode works just fine.
	For neutralize background, might enable it first and then try it disabled.
May be best to enable neutralize background in Tab 5 for each integrated panel.
Note: APP version 2.0 will have a better normalization and LNC process.

Tab 6 Integrate
	Set top options to Integrate all (defaults) for OSC panels
	If loaded separate mono integrations, set Multi-Channel/Filter to Integrate per channel.

	Lights to stack must be set to 100%
Integrate: automatic (default)
		Outlier rejection Filter: set to No rejection.
That is taken care of in the integration of the lights.
	Composition mode: Full (default).
	Local normalization correction (Note: This is correction not rejection).
		This evens out the panels’ brightness and avoids contrasting lighting at overlaps.
			May not work as well when bright object like galaxy core is in overlap
Maybe start with 1st degree LNC and 1 LNC iteration.  If still have problems:
Try increasing to 2nd degree LNC (others suggest 4th ?) and 3 iterations.
From there increase iterations (maybe up to 10) first, try increase degrees.
Processing times increase and increase exponentially by degree.
		If lighting issues persists at panel edges, maybe run LNC on panels’ integration.
	Multi-band blending: enable MBB
Set slider at least to percentage overlap of the panels
	May try setting higher if still have problems where panels overlap.
	Pixel interpolation filter: lanczos-3 (default)
Enable No under/overshoot.
	Click Integrate
		Will be a big file
Or files for separate mono RGB or narrowband panel integrations

If distorted result, see Tab 4 Register for possible disabling of DDC.
If a lot of gradient between panels:
			Maybe remove light pollution on each panel before creating this mosaic.

Proceed with processing of that mosaic file or files if separate RGB or narrowband mosaics).




2.  Creating a Mosaic from individual light frames
Don’t use this process; it can be unstable and can take forever to run.
It can work ok if creating only a 2 panel mosaic.

Tab 0
	Set the RGGB pattern for OSC lights (ignore for mono RGB or narrowband lights)
		Will need to have Ha and OIII files previously extracted for narrowband.

Tab 1 Load 
Load all lights frames for the 2 panels
E.g., Load OSC lights or both panels
If panels’ calibration files are different, enable Multi-Session processing.
	If mono RGB or narrowband lights, enable Multi-Channel/Filter processing.
Load all R, G, and B lights, or all Ha and OIII lights for both panels.
		Assign to proper filter or channel
			If calibration files are different, enable Multi-Session processing.
Load calibration files for those lights (in different sessions if necessary).
Tab 2 Calibrate
	Leave at defaults
Tab 3 Analyse Stars
	Increase enabled automatic #stars target to 2500 or 3000.
		Need to find as many stars as possible in overlap area for mosaic to work.
Tab 4 Register
Pattern recognition descriptors
Leave at quadrilaterals (default)
Scale stop: increase to 10 or more.
Dynamic distortion correction: Enable.
Same camera and optics: Enable.

	Registration mode: Mosaic
Normal setting may be ok to use.
			Can work fine depending on the amount of overlap of panels.
Mosaic mode can end up taking hours using individual light frames.
Tab 5 Normalize: Leave mode at Regular
	Defaults are generally ok; Regular mode is usually fine.
Advanced if different fields of view?????
Tab 6 Integrate
	Integrate per channel if multiple RGB or Ha/OIII narrowband lights for each panel.
Lights to stack don’t need to be set to 100%.
Integrate: automatic (default)
	
	Local normalization correction: maybe don’t need to apply it.
 (See LNC discussion on p.20).
Applying LNC can smooth and average out varying light conditions of the panels.
Start with 2nd degree LNC and maybe 3 LNC iteration.
The more iterations, the longer it takes; can be really long.
Iterations may stop if RMS doesn’t get lower, and continue integration.
	Multi-band blending:  Enable and set slider 5-15% when using light frames.
It may need to be at least the overlap percentage among panels’ frames.
(See MBB discussion in following part).
	Click Integrate
		If get popup, don’t need to disable same camera optics.
Will integrate the lights from those 2 panels into one mosaic image
			Will be separate mosaics for RGB files or for Ha and OIII files.
				Process those files in StarTools Compose or APP CombineRGB




[bookmark: AddNBtoRGB]Add Ha or other narrowband to LRGB channels

After creating the R, G, and B (or OSC) files, Ha, and other channels for the object.
All of those files must be registered together and probably normalized too there.
Maybe run the Remove Light Pollution tool on each of the integrated files.
		Note: Remove Light Pollution must be done before Registration.


StarTools NB Accent module may be the better way to add Ha or OIII to an RGB image.

To use the APP Combine RGB Tool to add narrowband to RGB image:
, see the Combine RGB Tool below.
Load R, G, and B and Ha (and other channels) in Combine RGB; see p. 23 below.
Select the composite formula to use; e.g., LRGB 1 (default), or LRGB 2.
	Other formulas work as well.
Create synthetic Luminance from the various available channels to use 
Set the contribution to the synthetic L with each channel’s bottom L slider.
E.g., 20% from Red, 70% from Green, and 10% from Blue and some from Ha.
Each channel’s L % contribution is shown to the right its L slider.
	(Only a loaded Luminance file is used if its L slider is 100% and all others are 0%). 
Add narrow band (Ha) to a color channel; e.g., add Ha to the Red channel:
E.g., increase the Ha channel’s red slider to add it into the red channel.
	(If Red and Ha R sliders are both set to 100%, they each contribute 50%).
(Leave the three R, G, and B sliders under each color channel all at 100%.)
Click (re-)Calculate to see results in the image viewer window
Need to click (re-)Calculation after each change or adjustment to see effect.
All of the adjustments in the right panel are available.  See p. below).

Click Save when finished tweaking color, etc.
(give a name)  Create a file
Click Cancel to exit the Combine RGB Tool

18. Tune the top slider for each frame as desired. I usually start with something like Ha slider 2.0, OIII Green 1.0, OIII Blue 1.5, Red 2.5, Green 1.0, Blue 1.5 and then go from there. Keep in mind, you do not want to overpower your image with Ha and OIII or you will destroy your natural star color.

Can tweak sliders; e.g., the Red and Blue channel multipliers for desired color.

Should not need to adjust the bg (background) slider for any of the channels.


Further work on the result:
	Double click on that saved image name at bottom of file list to open it.
Can rotate and crop
Can remove light pollution (maybe again even if done on individual channels)
Can check the Star Color Calibration tool
HSL Selective Color?
Adjust your saturation, contrast and sharpening.
Save as Tiff and JPEG as desired.


Load the registered channels with the add channel button
	E.g., R,G and B to their colors, Ha to Red also, OIII twice again to Green and Blue.
Maybe adjust the B and R channel multipliers (top sliders) for good star colors.
Leave G at 1.00 and have Ha channel R, G, B and L sliders at 0%.
Can increase Saturation in right panel to see colors better.
Set the R slider for both the Red and the Ha to 100% (they will end up 50% each)
If it is too red, maybe back off Ha percentage or set its B and G sliders to ~25%
If Ha data is good (and if no separate L channel) increase Ha channel L slider to 50% or so.
Possibly add the synthetic luminance made above as luminance channel
If a good separate L channel, set its L slider to 100%; otherwise set Ha L slider to 50%.
Should not need to adjust the bg (background) slider for any of the channels.




[bookmark: SplitRGB]Splitting out separate R, G, and B files from color file(s).
This process will work on any color file(s): raw, calibrated or not, integrated, or stretched.
Note: StarTools Compose and APP Combine RGB can also split out R, G, and B to load.

Splitting out and creating separate R, G, and B lights from OSC light frames
	
Tab 0
	RGGB
	Airy Disk
Tab 1
Load light frames for as usual
Option to load calibration files (calibration files are not necessary)
 	Load them for calibrated R, G, and B light frames when they are split out.
	
Tab 2 Calibration
If calibration files are loaded, make desired regular settings down to the bottom.
	Again, calibration files are not needed.
Under SAVE (calibrated) Light frames:
	Click to enable split channels (don’t check other boxes there)
		(Can just ignore “calibrated” if no calibration files are loaded).
	Set Save Directory to know where the split out light frames will be
	Click SAVE (calibrated) Light frames button
	The separate R, G and B files of the object are created.
R, G, and B calibrated light frames are created from OSC light frames.
To integrate the split out R, G, and B light frames continue on to Tab 6 Integrate:
At the top of Tab 6 Integrate, set Multi-Channel/Filter option to Integrate per channel.
	(Option to integrate them all together back into one file??)
Click Integrate to create separate R, G, and B integrations.

Splitting out R, G, and B channels files from integrated OSC file(s)
(Close and reopen APP after doing that integration before proceeding)
Note, if using L-Pro filter integration, this process is said to create Ha, Hb, and OIII channels
Tab 0
Tab 1
Load the stacked integrated OSC file(s) (without any post-processing) as a light frame(s)
Don’t load any calibration files (the integrations are already calibrated).
Tab 2 Calibration
	Leave settings at defaults; don’t need calibration.
	Scroll down and click (re-)assign Masters to Lights
		This is said to be necessary even if it doesn’t seem to do anything.
Scroll down further at the bottom under SAVE (calibrated) Light frames:
	Click to enable split channels (don’t check other boxes there)
	Click Set Save Directory to set the folder for the split out R, G, and B files.
	Click SAVE (calibrated) Light frames button
		(Just ignore “calibrated” since no calibration files are loaded).
	Creates a separate R, G and B calibrated files from the OSC integration(s).
Integrating separate R, G, and B light frames 

Follow the basic work flow for mono R, G, and B captures; p.1 above.
Except for R, G, and B light frames split out from OSC files just above:
In Tabs 1 and 2 don’t load calibration files or need to set a Save directory for them.
		Those R, G, and B light frames are already calibrated.
Tab 6
	At the top under Multi-Channel/Filter options: 
Set to Integrate per channel (default); or
		Integrate per channel & all also creates a synthetic Luminance file.
Click Integrate
	The 3 separate R, G, and B integrations are created and saved.
A combined mono integration is also created if “& All” is selected.





[bookmark: Preview]	Preview Filter Panel (right side)

Note: Click red question mark button to bring up instructions for all of the filters in that panel.
	Click box to right of slider for finer adjustment; click left box for more coarse adjustment
	Click on slider dot and use keyboard right/left arrow keys to move it one step at a time.

First, stretch the image as much as possible and enable 3 boxes above the stretch setting.
Adjust the black point slider so that the histogram hits correctly on left side.

For more color, increase both Saturation and Saturation Threshold sliders.

To sharpen:
	Reduce Protection slider to 0 and increase the Sharpen slider to see result.
		Increase the Protection to eliminate any halo artifacts.

None of the Preview Filter panel adjustments change the linear integrated FITS file.
The Save button at the top will create a new file in the format selected in the popup window.

Save button, if stretch is checked, will save the image as seen with the all adjustments
If stretch is unchecked the image will be saved in linear form.
In the popup window:
	Can enter a different name
	Can save as TIFF or JPEG (for low resolution)
	For color profile it is best to use the default sRGB format
	16 or 32 bit????

Neutralize BG does a linear neutralization only on displayed image only for working on it.
 It is not good for and should not be used for final background calibration.

The B(lack) point and the W(hite) point sliders move those point as seen in the histogram above.
Click on boxes to the right of the sliders to raise numbers to 4 on the right and 3 on left.
This makes steps smaller and easier to adjust.
Good idea to do that on all of the sliders.
	Click on the left boxes to go back to original large step sizes.

G is gamma
	The Reset button resets it to 1.00.

Checking to enable DDP allows the auto stretch drop down menu for preset stretches.
The sliders below are also enabled:
ST(retch): moving the ST slider to the right reduces the stretch
BA
HL (High Lights): protects image highlights from becoming too strongly stretched.
CON(trast): regular values are 0,10 to 0,15
SHARP:  maybe only to .15 to .20 to avoid saturation of background with noise
(Sharp) PROTECT: protects stars from the sharpening effect

Enabling the Saturation box activates the saturation sliders:
SAT(uration): a value of 25-30 is fine in most cases.
SAT TH (Saturation Threshold): 5 the higher the threshold, the higher the point in the data range where saturation is actually applied. This will protect the sky background from injection chromatic noise from adding saturation to all of those background pixels.  If chromatic noise in the sky background was reduced with the HSL Selective Color tool, this can be set very low safely.
[bookmark: Tools]Tools

[bookmark: CombineRGB]Combine RGB Tool for R, G, B (and other) channels

Note: all combined channels, RGB, L, and/or narrow band files, must be the same size.
All must be aligned (see Alignment above); and cropped the same (see Crop below).

Maybe do Remove Light Pollution on the integrations to be combined first.
If removing light pollution, maybe best to do that before any needed registering together.

Tools → Combine RGB
	Normalize (or re-normalize) channels: multiply-scale (default) should be ok generally.
		May try none or others; e.g., if combining OSC or broad band with narrow band
Set formula:  LRGB 1 is a good default for the formula
	Use a HOO formula for Ha and OIII narrow band integrations. See p. 10 above.
		Use RGBHOO for Ha, OIII and RGB. (See p. 10 for RGB from Ha/OIII data).
Click add channel and load integrated files; e.g., the object’s R, G, and B integrations.
Can select and load R, G, and B files all together or individually
Can load OSC color FITS and it will be split and loaded as R. G, and B.
Confirm each file is assigned to the correct channel in the popup.
Can add L or a created synthetic L
Can add narrowband channels such as Ha and OIII.
	???If so, load Ha as Red again; load OIII as Green and as Blue again.	
Click (re-)calculate to create the combined image.
Adjust each channel’s sliders as needed.
Must click (re-)calculate after any adjustment to see the effect.
Click New formula button to reset all sliders to that selected formula’s starting defaults.

Sliders:
	Top slider is multiplier/saturation of that channel.
Maybe adjust the B and R channel top sliders for good star colors.
Don’t want to overpower your image with Ha and OIII.
If Ha and Red are both loaded can as red their sliders contribute to red channel
If both multipliers are 100%; the result is they will each contribute 50%.
If too red, back off Ha’s R slider or maybe set its B and G sliders to ~25%.
L slider: sets Luminance contribution for each channel.
Each channel’s net contribution percentage is shown at right its slider.
If L is loaded, can toggle its L slider up to 100% to see its effect.
Can increase Ha’s L slider if its data is good and no or bad L channel.
bg (background) slider: should not need to adjust it for any of the channels.
 
Click Save when happy with the result to save it as a linear file.
	 (give a name)  Create a file
Click Cancel to exit the Combine RGB Tool

	Can open that saved file in main window and use the Preview Filter right panel to adjust.


HOO processing in the Combine RGB tool. (See creation of Ha and OIII files needed).
	Some suggest that the Ha and OIII integrations need to be normalized together first.
		Generally see Normalization with the Alignment workflow for integrations.
		Remove light pollution is also an option on each Ha and OIII before normalizing.
			Others says to run remove light pollution only after creating HOO image.

	Select HOO1 (or HOO2) in the formula drop down menu to combine Ha and OIII.
Click add channel button to load the Ha file in Ha channel and the OIII file in OIII
	For combined Ha-OIII color (or RGB) integration, click to load it:
APP will split out the R, G, and B channels.
Load the first file with postscript “-1” in the Ha channel
Load both the second “-2” and third “-3” files in the OIII channel.
		“-2” is the green channel and “-3” is the blue.
Option to add R, G, and B (and L) channels for use with an RGBHOO algorithm.
		Note: Files from separate capture sessions must be registered together first
Click (re-)Calculate
	Adjust sliders as desired; needed to click (re)Calculate after adjustment
Can try the HOO2 formula (maybe an HSO formula too).
Can increase OIII channel(s) multiplier “x” slider for more OIII in the image
Can increase incrementally up to around 3.25.
Possible HOO slider settings for Ha and OIII split out from an Ha-OIII color file:
			Ha:  R 100, G~50, B 10
			Green:  R 10, G 50, B 100
			Blue:  R 10, G 50, B 100



Maybe adjust the B and R channel multipliers (top sliders) for good star colors.
Leave G at 1.00 and have Ha channel R, G, B and L sliders at 0%.
Can increase Saturation in right panel to see colors better.
Set the R slider for both the Red and the Ha to 100% (they will end up 50% each)
If it is too red, maybe back off Ha percentage or set its B and G sliders to ~25%
If Ha data is good (and if no separate L channel) increase Ha channel L slider to 50% or so.
Possibly add the synthetic luminance made above as luminance channel
If a good separate L channel, set its L slider to 100%; otherwise set Ha L slider to 50%.
 
Can tweak sliders; e.g., the Red and Blue channel multipliers for desired color.

Narrowband image with RGB stars, using Combine RGB.
	(Star colors are almost never correct in narrowband images)

	Load and process the RGB image to get good star colors. See Calibrate star colors.
	Load, process, and combine the narrowband image (e.g., HOO) for usual best result.
		Combine using APP Combine RGB or StarTools; see Layer at p. 44.
			Maybe also use APP HSL Selective Color Tool
		Do a star reduction or star removal (so RGB stars will come through)
5) Load both RGB (Star color calibrated) and NB composite into the RGB Combine Tool
6) Keep multipliers fixed for the RGB channels, for instance at default 1.0x
7) Tune the multipliers for the NB composite while keeping them the same, for instance all at 2.0x
There will be a multiplier where the stars still look like star color calibrated stars and where the narrowband signal starts to show nicely !




[bookmark: RemoveLP]Remove Light Pollution
(and gradient removal)
Note: GraXpert could be better removing gradient and light pollution.  See GraXpert sheet.
Tools → Remove Light Pollution
In the popup choose the image in the Viewer or double click desired file.
It loads that image with a background neutralization applied.

Place boxes (need at least 5) throughout image background where there is no nebulosity.
Green boxes are best; yellow boxes are ok; red need to be replaced.
	Can click Remove Red boxes (Can Remove Yellow too).
APP can disregard the stars in the gradient correction calculations.
	Bigger boxes are better for disregarding stars.
To help see where to avoid nebulosity:
Zoom in
Increase stretch up to maximum 30%.
Enable Saturation and increase SAT slider a lot, up to around 0.30.
Set saturation threshold (SAT.TH) slider to 0.00 to stretch background.
More boxes are not necessarily good.
Flexibility slider can help if having trouble with the boxes working
	It is best to leave that slider to the lowest setting.
	
Click Calculate to generate image with gradient removed.
Can place more (or remove) boxes and click (Re)-Calculate again
		Undo Area Selectbox button removes placed boxes one by one.
To see the gradient removed, toggle it on and off with Show Corrected Image button.
Click Ok and Save to save when the result looks good.
Note: Background calibration is done as part of light pollution removal





[bookmark: Crop]Batch Crop

	Set desired crop rectangle on the image → click crop → check Save settings → click OK.
		Cropped image will be at bottom of file list
	To crop multiple images the same; e.g., with RGB mono or HaOIII dual narrowband
		Open Batch crop tool with no image loaded in the viewer window
			Select one as the Reference Crop Frame
			Crop as above
				All loaded frames will be cropped the same for saving.

Batch Save
	Save as a 16 or 32 bit TIFF file for Gimp, etc.



	Correct Vignetting

Use only if no flat frames have been applied:

To correct your integration/stack with the vignetting correction tool:
· use the third model, elliptical Kang Weiss with GF (geometric factor). This is the most complex model and should give you the best correction.
· Also notice in the tools that I have enabled saturation with a high SAT value 0.23 and a low SAT TH value of 0.12 so I saturate the background to help see possible color gradients in the data. This really helps you visually to get a good correction

· place the boxes over areas with only sky background and stars. Lots of stars in the boxes are no problem. And spread the boxes evenly.
· for vignetting correction to work well, you really need to be able to sample the corners and the center of the light frame.
·  try to use more boxes than the minimum and spread them evenly over the entire image. Don't worry if boxes turn yellow. If boxes turn red, remove them or double check that they are placed over an area with only sky background and stars. 
· The yellow and red boxes don't necessarily mean these boxes are bad, but they indicate that they could be bad, so you can double check. If you are unsure, remove them and try to find another spot.
· finally, if you can't get a good correction, due to too little area's with only sky background and stars, try to get a better correction with the "remove light pollution" (gradient) tool. That can sometimes give a better result.


To create an artificial flat to correct vignetting 
Check the DDP, Auto and Saturation boxes in the right panel
	Increase BG stretch to 30% in drop down box
	Increase saturation (ST) slider to 0.30
	Lower background threshold (BA) slider to 0.00.
Select correction model
Put boxes on image
	Place boxes evenly throughout the image, including the corners
	Avoid nebulosity
Calculate
Color of boxes not really a problem if they do not have nebulosity
Check for red boxes and maybe remove and add others nearby
Add more boxes and Calculate
Maybe repeat a time or two until seems ok


To create an artificial flat to go back and use for calibrating individual light frames:
Check Create Artificial Flat
Click Ok and Save (a master flat will be created in the file list)
Go to (1) Load and load the saved lights calibrated with the darks
Calibrate those files with the created master flat and proceed.

Calibrate Background

Can be performed with this tool or done automatically as part of Light Pollution Removal.
Sets the white balance for the image based on the background selected in the required boxes.
(StarTools recommends not doing white balance before StarTools).
Put 4 or more boxes on background where no nebulosity
	Stars don’t matter; just avoid nebulosity in the boxes.
Click Calculate and then click Ok and Save.
Background calibration is required for a good background and to get good star color balance.



[bookmark: CalibrateStars]Calibrate star colors
(do after light pollution removal)

Star color calibration only works with RGB color data
It will not work with narrow band data like with dual band filters.
Best to do after background calibration and light pollution removal

Tools (tab 9) → calibrate star colors
	Click Yes in the popup box
Place selection box(es) around the background with only stars
	Avoid galaxy, nebulosity and saturated stars.
Calibration Mode: set to default Adaptive Black Body & Extinction.
	If result is not acceptable, try Balance RGB mode.
Maybe increase the stretch and saturation in the right panel to see the stars better.
	Click Calculate button
It analyzes stars in the boxes, calculates color balance, applies it to whole image
Can reject more or less stars with the star rejection kappa slider
Don’t lower below 2.00 (90% used); 3.00 uses 95% of the stars.
	Can adjust sliders and click (Re)-Calculate
Each (Re)-Calculate is a new total calculation; not affected by past calculations.
	Can adjust slope of the two graphs with the B-G vs G-R and B-R vs G-R sliders.
Can work for a better fit through the star points
	This might be the only tweeking needed
			Green is the new line; light gray is the old line.
Moving the sliders to the left makes image redder.
			Should adjust the two sliders more or less together	
	Magenta -Green Constant sliders remove green or magenta cast
E.g., lower both Green-Magenta Constant sliders to remove green cast.
Click Calculate; lowers the model white lines to the green lines in graphs
			Maybe move 10% and see effect before moving more
			
	Blue-Red slider controls white star calibration (leaving it at 0 may be best)
			Zoom in to see Calculate effect
			Will change the intensity of red vs blue in the image
		Can change the DDP stretch in right panel to see effect
Can add contrast with slider in the right panel
Can sharpen in the right panel
Can use the two Saturation sliders

Click Ok and Save to finish when the result looks good.
		

Other optional stuff:
Blue/Red slider
		Makes stars redder or bluer
		Increase to red moves stars to upper right
		Decrease moves stars to lower left
		Zoom in and adjust  (middle is pretty good; no more than .10 each way.

The Blue-Red slider needs to be used to perform the important white star calibration. Realize in this case, that most of the stars from the selected areas
will be red stars, since these live much longer than the blue stars. There are simply much more old red stars than young blue stars.
So most of the stars in your calibrated image, should normally be orange or red.
By adjusting the Blue-Red slider, you are informing APP the location 
of white stars in the selected star population.

HSL Selective Color
(do after light pollution removal and star color calibration)
Used to make (subtle) changes to certain pixel colors.
See https://www.astropixelprocessor.com/part-6-hsl-selective-color/ and
https://www.astropixelprocessor.com/community/main-forum/processing-with-narrowband-only-to-get-a-color-image/#post-21291 

Can load linear or non-linear integrated data
	For non-linear data, set Linear in the top drop down menu
To show linear data, in the right preview panel:
Disable DDP or set it to “no stretch	
Set black point to 0.0000 in the right Preview panel
Click HSL Selective Color tab under Tools to load that linear data
	Can then stretch it in that preview panel???

Examples (to help understand the controls):
   To reduce green cast from green pixels
	In the Color Select window, select color to adjust (Green in this case).
	In the Brightness Range drop down menu, select the brightness level of pixels to adjust
In this case select all green pixels with 0% of range - 100% of range
Low and High sliders can adjust the range of brightness of pixels to adjust
Can click Show color selection to see the pixels included by these settings.
The brighter the pixels the more to be affected by the slider adjustments
	Adjust the sliders; in this case:
Move G<->MA slider right to Magenta 100% (magenta is opposite of green)
	This adds magenta to green which makes it white
		Move SAT slider left to ~-50% to reduce the saturation of selected (green) pixels
	Click Calculate current adjustments to see the effect of the adjustments
		This is only a preview; it is not in memory to Keep or Save (see below).
		Can change sliders and click Calculate current adjustments again to see new result
	Can click Show original image to see the image without the calculated adjustments
		(To see adjustments before clicking Keep, need to click Calculate current again).
	Click Keep current adjustments to put the currently adjusted image in memory
		Additional adjustments can then be made to that image in memory.
			(All sliders are reset after clicking Keep).
		Clicking Show current image shows image saved in memory.
			Compare with original image by clicking Show original image
	Can select other colors as needed to make further adjustments to image in memory.
	
	Click Save button to save the image in HSL memory as a new image file.

   To increase blue saturation in reflection nebula:
	Select Cyan (a color between green and blue)
		Select 0 – background in the range drop down window
			Increase the high threshold 0.4 (lower 40% brightness of pixels selected)
				Basically the low light pixels
					Only want to adjust nebula; not the blue in bright stars
				Or maybe select background – 50% of range??
		Increase saturation to ~50%
			(Don’t need to change those pixels’ color??)
		Click Calculate current adjustments for result (can adjust and Calculate again)
		Click Keep current adjustments to put image in memory
	Select Blue pixels
		Do same or similar adjustments as with Cyan
		Click Calculate current adjustments for result (can adjust and Calculate again)
		Click Keep current adjustments to put that adjusted image in memory
	Click Save to save the image in memory as a new image file.

   To improve red saturation in emission nebula (and maybe the magenta hue too)
	Select Red
		Select the range of lower 40% brightness of pixels
Select 0 – background in drop down and increase High threshold to 0.4
			Or maybe just select background – 50% of range?
	Note: + noise multipliers increase the high value by a multiple of the image’s noise
		Increase saturation to ~50%
		Maybe boost red pixels by moving R<->Cy slider to the left??
		Click Calculate current adjustments for result (can adjust and Calculate again)
		Click Keep current adjustments to put that adjusted image in memory
	Select Magenta pixels
		Do same or similar adjustments as with Red
		Click Calculate current adjustments for result (can adjust and Calculate again)
Click Keep current adjustments to put that adjusted image in memory
Click Save to save the image in memory as a new image file.


To remove background color noise
	Select All (colors) in the color drop down menu.
		Select range to 0 – background + 1*noise
	Maybe set High slider a couple percent above that calculated sky background number.
Background number calculated by APP is in blue just above the Low slider
		Don’t go too high or will start to remove weak nebulosity
	Reduce the Saturation slider all of the way to the left to -100.0
	Click Calculate current adjustments button
 Will reduce color type saturation in the sky background
Click Keep current adjustments to put that adjusted image in memory
Click Save to save that image in memory as a new image file.

Click Cancel to exit HSL tool.




[bookmark: Reduce]Star Reducer

Note: It may be that this tool works best on linear data.
Star Reduction
	Make sure top remove stars box is unchecked
	Correction radius sets star area to remove/reduce (1.0 uses star radius as found)
		Maybe try 1.2
	Correct star halo slider can help remove halos around brighter stars
Higher values increase correction radius around those bright stars
If no halo problems, set the slider to 0.
Maybe try 1.0
Peak Intensity slider below can also help control halos
	Star size % sets percentage to which each star’s size is reduced
Stars reduced to less than 2 pixels will be dimmed too.
Reducing size too much can create halos around large stars.
Peak intensity sets the percentage reduction of the brightness of all stars
Reducing peak intensity can also help reducing halos
Maybe 75-80% to not accentuate halos
 Maybe reduce to ~50% to reduce halos for big stars
Threshold excludes stars below a background noise level from being reduced
Can help with noise in some way; maybe ~50

Star Removal
	Enable box for Remove stars
	Top 2 sliders (only) above apply to star removal.
		

Click Calculate (can adjust sliders and Calculate again)
	Click on Show stars reduced/removed to toggle to original image
	Click Save to save image with stars removed.
		Can save steps along the way.




[bookmark: Comet]Comet

1 minute images?  The more images; the more likely comet will be blurred.
See: https://www.youtube.com/watch?v=_D6s9TWEthI&t=429s 
Maybe use UV/IR filter on OCR camera
Star layer integration:
Use regular steps to stack normally for a stars integration.
Remove light pollution.
Stretch it as needed
Save that sharp stars/blurry comet image #1 as a Tiff file



Integrate again for Comet
Tab 3:  Analyse Stars; 500 
Tab 4 Register:  Set Registration mode to Comet/one star
	Click to start Registration
Click Yes to use Time Shot metadata popup.
Will pause and ask (at the top in green): Please click on the COMET nucleus 
			Do that by clicking to put a bullseye on the nucleus in that image
Click Confirm at the top.
			Repeat as many times as it pauses and asks
			Will tell you if it can’t find nucleus on all images
Tab Integrate:
	Select Average for integrate method
	Select MAD rejection for filter
		Set kappa low to 8.0
		Set kappa high to ~1.5 to clip the stars
		Enable the box for local normalization rejection
		Select maximum integrate mode (for star trails)?
		Click integrate
		Save save that image #2 sharp comet only as Tiff file

Remove stars from sharp stars/ blurry comet image
	Maybe use Heal module in StarTools
	Or use StarNet++ (https://forum.startools.org/viewtopic.php?f=7&t=1476 ).
	Save as image #3 with only blurred comet

Use layer to remove blurry comet from the sharp stars/blurry comet image
	See Heal module discussion of how to do that.
	Save as image #4 with sharp stars only (no comet).

Merge sharp comet (only) image #2 with sharp stars (only) image #4.
	Use Layer module in StarTools.


	


[bookmark: CalFrames]Calibration Files
[bookmark: Darks]DARK FRAMES
For calibrating light frames, Darks should be the same gain, bias and temp as light frames
	See Bad Pixel Map below for the use of a different dark frame there.
While dark frames do not need bias frames to create the master dark to apply to the lights, the better practice is to use dark flat frames with the same gain, offset and bin as darks. (Temperature of the dark flats doesn’t matter).

To create Master Darks for use in calibrating lights:
Load Dark frames taken with the camera to be used.
Taken with the same gain, binning, temperature and exposure as lights.
At least 20; but more can be good.	
In Calibrate:
Scroll down to BadPixelMap and select Disable
In the bottom seven boxes:
Enable create 32-bit Masters
Enable create MasterBias, -Dark, -Flat
Enable adaptive pedestal/reduce Amp-Glow????
Set Save Directory folder
Click Create Masters & assign to Lights button.

APP does allow for dark frame scaling to calibrate longer exposure darks with shorter exposure lights.   The creation of that longer exposure dark requires bias frames (must use bias frames, not a master bias).  Amp glow can screw up scaling sometimes but the ASI294 has fairly linear amp glow so might be ok.
 
FLAT FRAMES
Flat frames must be taken with the same imaging train as the lights, including focus.
Best to use same gain, offset, and binning as lights.
	Those settings are required for the corresponding Dark Flats; see below.
Exposure time for Flats does not need to match the lights.
Instead, set flats’ exposure to get max ADU in middle of sensor’s range.
		That is, the histogram peak somewhere in the middle of the range.
Note: ASI294 Flats (and corresponding Dark Flats) must be greater than 2 secs.
Generally, take 15 – 20 flat frames for each session and each filter.
Take the corresponding Dark Flats after each set of Flats.


DARK FLAT FRAMES
Dark Flat frame requirements:
Exposure must match their corresponding Flats; lights’ exposure is irrelevant.
	As with Flats, the ASI294 Dark Flats exposure must be greater than 2 secs.
Gain, offset, and binning must match lights.
Temperature does not matter.
Take 15 - 20 Dark Flats immediately after taking Flats
Optical train and filters do not matter.
However, exposure must match the Flats; therefore:
Probably need to take separate Dark Flats for each session and filter.

BIAS FRAMES; It is much better to use dark flats instead of bias frames.
Using Dark Flats instead of Bias frames is mandatory for the ASI294.

[bookmark: BPM]BAD PIXEL MAP
To create a master bad pixel map:
Load Flat frames (5-10 are enough) and Dark frames (at least 20).
	Use gain and binning for the Darks and Flats similar to the planned lights
Exposure time and temp don’t matter.
	Flats for the BPM should be taken with Luminance filter or no filter.
The orientation of the optical train for these Flats doesn’t matter.
	Darks for BPM may be taken with no cooling, especially for ASI294.
		Using uncooled darks can prevent ASI294 amp glow artifacts
		Exposure recommendation is at least 60 seconds; maybe use 120 secs.
		
In Calibrate, scroll down to BadPixelMap:
Set Create BPM to Automatic; or set to Enable to adjust the following:
Hot pixels kappa: 2.5 is usually good
Cold pixels %: 50% is usually good; maybe 20-30% if vignetting.
		Can uncheck all 7 boxes above set Save Directory
		Set the Save Directory folder and Click Create Masters button
			BPM will be created (no master flat or master dark are created).
Save that BPM to load as a master for calibration of frames from that camera.
		Can be used regardless of exposure time or temperature of the lights.
		Should be good for at least a year.

	To review details of the BPM:
Open it and look under the Header/Metadata tab window.
Some say 2-4% hot pixels is to be expected and is ok.
Usually there are no cold pixels with CMOS cameras.
To check BPM corrections:
Load light(s) and load the BPM
				Click to load a light
				Uncheck the Scale to fit box (to allow zooming)
				Set DDP to off.
	Zoom in on a bad area
	Click on Calibrated to see effect of BPM removing hot and cold pixels




If you have a sensor that has bad or defect columns, enable the bad column detection.

If you use darks of 10 seconds versus 300 seconds, then the difference will be much bigger. So, yes, with increasing exposure time the quality of the BPM will increase but 300seconds per dark should be more than enough. More influence will have the amount of darks that you use. The more darks that you load the better the statistics will be to isolate the hot pixels. So I would choose to do 20x 300s instead of 10x600s.

Avoiding the amp glow issue:
Using shorter exposures while at the same time heating the camera to high temperatures, to obtain dark frames that do not really show an amp glow signal. (maybe use settings for creating the BPM were kappa=3, coldpix%=10, resulting in close to 6% hot pixels).
 For the ASI294, the suggestion is to use darks with the cooling off.  Maybe exposure time 300s approx and 20 images should be enough.  The amp glow should now have disappeared from the bad pixel map?
