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Ron Brecher
« Observing since 1998

* Imaging since 2006

« Pictures and articles in
magazines, calendars and
more

« Star party workshops and
private/group tutoring

. * Reach me at
' rbrecher@rogers.com

ﬂgll’oap‘?c . . '. ! g !l www.astrodoc.ca“
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* |maging tasks
* Preprocessing
« Basic RGB processing workflow

Combine channels to make RGB image
Crop

Remove gradients

Balance color

Reduce noise

Stretch the histogram

Smooth, sharpen, etc.

Adjust brightness, contrast, and saturation

Astrod? Loc e | %
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Imaging Tasks
« Data Acquisition
= Gather raw data
= Lights, flats, darks, and biases
* Preprocessing
= Examine light frames and delete inferior frames
= Calibrate light frames using flats, darks, and biases
= Align and combine calibrated frames
* Processing
= Make it pretty or accurate, depending on the goal
e Saving and Sharing

= Save in various file formats
= Share your images

Astro@)Poc
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Imaging Tasks
« Data Acquisition

= Gather raw data
= Lights, flats, darks and bias

* Preprocessing
= Examine light frames and delete inferior frames
= Calibrate light frames using flats, darks, and biases
: = Align and combine calibrated frames
. * Processing
' = Make it pretty or accurate, depending on goal
« Saving and Sharing
= Save in various file formats
= Share your images
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Irhage Cé.livbratio‘n. .

« Calibration corrects:
= Noise
= Thermal - generated over time in the sensor
o Readout - generated when data is read from the sensor
» Image defects and artifacts

= Optical and mechanical imperfections
o Dust motes

o Uneven sensor response

Astrod? Loc ’ | K
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Calibration Misperceptions
* 'My images look fine without calibration’

= For deep sky objects, calibration gives a huge benefit

= Some image processing techniques only work well on
calibrated images

~« 'Calibration cuts into imaging time'
| = Most calibration can be done when you're not imaging

.+« 'Calibration is hard'

= Software can acquire and apply calibration frames
automatically

= Lots of information available online on how to acquire
calibration frames with different setups

. ‘ -
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Calibrated
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Image Inspection
- Important to delete bad data before making master

= Clouds or extraneous light
= Stars out of focus or not round

« Two-step approach
= Blink before calibration
= Quickly identify bad frames and move to another directory
» SubframeSelector script before alignment

= |dentify the ‘best’ frame in a set to use as reference for
manual alignment and integration

Astro@)Poc
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@ SubframeSelector

Target Subframes

1 Tycho 1608567_180s_-20degC_Green_00015449_c_cc_r Add Files...
2 Tycho 1608567_180s_-20degC_Green_00015453_c_cc_r :
3 Tycho 1608567_180s_-20degC_Green_00015454_c_cc_r
4 Tycho 1608567_180s_-20degC_Green_00015
5 Tycho 1608567_180s_-20degC_Green_00015456_c_cc_r
6 Tycho 1608567_180s_-20degC_Green_00015473_c_cc_r
7 Tycho 1608567_180s_-20degC_Green_00015474_c_cc_r

. -
. Full paths
System Parameters
| Subframe scale: | 3.200 arcseconds per pixel

. Camera gain: v 0.600 :electrons per Data Number

'. Camera resolution: | 16-bit [0, 65535] v |

- Site local midnight: | 24 : hours (UTC)

Scale unit: | Arcseconds (arcsec) =
. Data unit: :VData Numbers (DN) ¥

® Star Detection and Fitting
Expressions

. Table

Plots

Output

h [N Version1.11 Measure Output Subframes || Output Maps Reset Dismiss

Astrod)Loc .' K
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® SubframeSelector

Target Subframes
System Parameters
Star Detection and Fitting
Expressions
Approval:
Weighting: v SNRWeight
Table
Plots
Output
Approved action:
Approved directory:
Approved postfix: | _a
Rejected action: | Move V¥ |
Rejected directory: | D:/Sh2-115 test/rejected
Rejected postfix:
Star map directory:
Star map postfix:
Weight keyword: | WEIGHT
V| Overwrite existing files

On error: | Ask User ¥

h [ Version1.11

5//'0& LDoc
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Measure

Output Subframes

Qutput Maps

Dismiss
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® SubframeSelector

Target Subframes

System Parameters

Star Detection and Fitting

Expressions

Table

Index Name (7 approved/7)

1 Tycho

6 Tycho

7 Tycho

5 Tycho

4 Tycho

. 2 Tycho
3 Tycho

Plots

1608567_180s_-2...
1608567_180s_-2...
1608567_180s_-2...

1608567_180s_-2

Ordinate: ‘VWeigrht

Weight (7 approved/7)

Output

h [ Version1.11

5//’02*Q Doc
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1 Weight

5.003
6.906
6.876
3.204
2.811
2.751
2.485

1 FWHM (arcsec)

Measure

: Eccentricit_y

0.3686
0.5143
0.5284
0.4570
0.4100
0.7070
0.4268

Output Subframes

| SNRWeight

9.003
6.906
6.876

~

SRS}

Qutput Maps

Save Table As...

Sort table by:

v v
SNRWeight
So| LUDE

: Descending

| Save Plots As.

Sigma

Dismiss
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BatchPreprocessing Script
« Automates calibration, alignment, and integration

* Produces masters for each filter (or OSC/DSLR)
Easiest way to make master calibration files

« All intermediate working frames are available
« Convenient, but has some significant limitations

Astrod? Loc
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BatchPreprocessing Script
« Limitations that Matter

= Can't select reference frames for alignment or integration
= Only one rejection algorithm can be used for all filters

= Does not use new (v1.8.5) processes and features:

= LocalNormalization can normalize all frames (by-region) to the best
frame in a set. Useful when some frames are much better than
others (e.g. gradients due to moonlight or light pollution)

= |magelntegration has a new feature to reject large-scale structures
like satellite trails

= Only partially supports use of Drizzlelntegration

= StarAlignment, Imagelntegration, and DrizzleIntegration must be
used to align and integrate images

Astro Loc .' w

. www.astrodoc.ca
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® Batch Preprocessing Script v1.46

| Bias | Darks Flats | Lights |
— SHel i - ‘ A script for calibration and alignment of light
¥ Binning 1 €1 Clear €3 Remove Selected ou Invert Selection game§ he (0 o
so3 2 = ik = : g opyright (c) 2012 Kai Wiechen.
W bias-BINNING_1.xisf o 1 Copyright (c) 2012-2017 Pleiades Astrophoto.

| Global Options

[ | cra images V| Up-bottom FITS
|v| Optimize dark frames  [¥] Use master bias
|| Generate rejection maps |¥| Use master dark
v Export calibration files | Use master flat

[ ] save process log

| Registration Reference Image
| 1608567_180s_-20degC_Green_00015454.fit | &
| Output Directory

| D:/Coathanger Cluster RGB September 2017

A == Add Files |

‘ == Add Bias [ ] == Add Darks ‘ == Add Flats [ | == Add Lights [ D Add Custom | : ﬁ Diagnostics L Q) Run | Exit

Astrod? Loc
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® Batch Preprocessing Script v1.46

| Bias \ Darks Flats | Lights |

v Binning 1
¥ 300.00s
W dark-BINNING_1-EXPTIME_300....

€3 Clear

Exposure tolerance: ‘ 10

€3 Remove Selected

agratio

A == Add Files [ |

| | == Add Flats ‘

= Add Bias | | == Add Darks

Astrod? Loc
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Optimization threshold: 30000 =
Optimization window: | 1024 ‘

a1
v

| = Add Lights | | [# Add Custom '

ou Invert Selection

A script for calibration and alignment of light
frames

Copyright (c) 2012 Kai Wiechen.
Copyright (c) 2012-2017 Pleiades Astrophoto.

| Global Options

V| Up-bottom FITS
lv| Use master bias
|| Generate rejection maps |¥| Use master dark
vl Export calibration files

[ ] crm images
[v| Optimize dark frames

| Use master flat
|_| Save process log

| Registration Reference Image
| 1608567_180s_-20degC_Green_00015454.fit | &
| Output Directory

gl

| D:/Coathanger Cluster RGB September 2017

! (_5 Reset L,# Diagnostics ,Q,),Run VExit

www.astrodoc.ca




® Batch Preprocessing Script v1.46

Bias \ Darks | Flats Lights
[w Binning 1
¥ Blue
W flat-FILTER_Blue-BINNING_ 1.xisf
Binning 1
¥ Green
wr flat-FILTER_Green-BINNING_1....
Binning 1
¥ Red
¥ flat-FILTER_Red-BINNING_1.xisf

€3 Clear

== Add Flats

A == Add Files |

= Add Bias | | == Add Darks | |

Astrod? Loc

Astrophotography by Ron Brecher

||

== Add Lights

€3 Remove Selected

A script for calibration and alignment of light

ou Invert Selection frames

Copyright (c) 2012 Kai Wiechen.
Copyright (c) 2012-2017 Pleiades Astrophoto.

| Global Options

V| Up-bottom FITS
lv| Use master bias
|| Generate rejection maps |¥| Use master dark

[ ] crm images
[v| Optimize dark frames

v Export calibration files | Use master flat

[ | D Add Custom |

|_| Save process log

| Registration Reference Image
| 1608567_180s_-20degC_Green_00015454.fit | &
| Output Directory

| D:/Coathanger Cluster RGB September 2017

gl

‘ﬁ Diagnostics Q) Run Exit
| L= < J L —l d L =

www.astrodoc.ca




® Batch Preprocessing Script v1.46

| Bias \ Darks Flats | Lights

!

¥ Binning 1

¥ Blue =
Tycho 1608567_180s_-20deqC_Blue_00015...
Tycho 1608567_180s_-20degC_Blue_00015...
Tycho 1608567_180s_-20degC_Blue_00015...
Tycho 1608567_180s_-20degC_Blue_00015...
Tycho 1608567_180s_-20degC_Blue_00015...
Tycho 1608567_180s_-20degC_Blue_00015...
Tycho 1608567_180s_-20degC_Blue_00015...
Tycho 1608567_180s_-20degC_Blue_00015...
Tycho 1608567_180s_-20deqC_Blue_00015...

Tycho 1608567_180s_-20degC_Blue_00015...

@
&
&
®
@
kS
@
@
@
&
&

Tycho 1608567_180s_-20degC_Blue_00015...

@® Tycho 1608567_180s_-20degC_Blue_00015...
¥ Binning 1
P Green
¥ Binning 1
P Red

A | == Add Files | | == Add Flats

= Add Bias | | == Add Darks |

Astrod? Loc
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€ Clear || €3 Remove Selected | 85 Invert Selection

[ | calibrate only

V:Coéméﬁc Correction

vl Apply

Template icon: cc

| Image Registration

\v| Generate drizzle data

| =P Registration parameters...

::ihage Integration

| | = Add Lights | | [ Add Custom |

gl

A script for calibration and alignment of light
frames

Copyright (c) 2012 Kai Wiechen.

Copyright (c) 2012-2017 Pleiades Astrophoto.

| Global Options

V| Up-bottom FITS
lv| Use master bias
|| Generate rejection maps |¥| Use master dark

[ ] crm images

[v| Optimize dark frames
v Export calibration files | Use master flat
[ | save process log

| Registration Reference Image

+ | [[1608567_180s_-20degC_Green_00015454.fit | &

| Output Directory
| D:/Coathanger Cluster RGB September 2017
Q) Run

ﬁ Diagnostics Exit

www.astrodoc.ca




BatchPreprocessing Script
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Preprocessing with BPP
 Find and delete bad raw frames (Blink)

« Calibrate, align, and integrate frames
(BatchPreprocessing script)

« Use multiple runs if there are big differences in the
number of subframes per filter

= [For guidance on selection of clipping method, see the
Rejection Algorithm tool tip

* \ " ,
Agffdﬂﬂoc . | - . .' www.astrodoc.ca-
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Preprocéssing Best Practice

 Find and delete bad raw frames (Blink)

« Calibrate frames using BPP (alternately,
ImageCalibration and CosmeticCorrection)

 [For each filter:

|dentify best calibrated frame (SubrameSelector script)

Normalize all calibrated frames to ‘best’ calibrated frame
(LocalNormalization)

Align calibrated frames using the ‘best’ calibrated frame as the
reference image (StarAlignment)

Integrate aligned frames using ‘best’ frame as the reference image

and the LocalNormalization output files (Imagelntegration and
optionally Drizzlelntegration)

-

* ' " | ;
Agffdﬂﬂoc . | - . » www.astrodoc.ca
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Pr.e'prc')ces.sing Hybrld Ap‘p'rﬁioach F

Find and delete bad raw frames (Blink)

Use BPP to calibrate and align* frames

For each filter:
* |dentify ‘best’ aligned frame (Blink)
« Normalize all aligned frames to ‘best’ aligned frame

(LocalNormalization)

% « Combine using ‘best’ frame as reference and the output files from
' LocalNormalization (Imagelntegration and optionally
DrizzleIntegration)

‘* . » | .
Agfpaﬂpoc . , » . » www.astrodoc.ca '
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Irhaging Tasks

« Data Acquisition
= Gather raw data
= Lights, flats, darks and bias
* Pre-processing
= Examine light frames and delete inferior frames
= Calibrate light frames using flats, darks and bias
: = Align and combine calibrated frames
. * Processing
' = Make it pretty or accurate, depending on goal
« Saving and Sharing

= Save In various file formats

| e Sha;e#euumages . | . |
ﬂg/ppﬂﬂac : '. ‘ : !'_'_' www.astrbéoc.cau .
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” BéSic .Proces‘is.i.h‘g Stéps

« Combine masters
« Crop to frame subject
 Remove gradients
- Balance colors
~+ Reduce noise

« Stretch (‘develop’) the picture
* « Smooth and sharpen

« Adjust appearance

745//’0:(onc . , - . .' www.astrodoc.caw '

Astrophotography by Ron Brecher



” BéSic .Proces‘is.i.h‘g Stéps

 Combine masters - ChannelCombination

« Crop to frame subject - DynamicCrop

« Remove gradients - DBE/ABE

« Balance colors - ColorCalibration or PhotometricCC

~* Reduce noise - MultiscaleLinearTransform
« Stretch (‘'develop’) the picture - HistogramTransformation

* « Smooth and sharpen - TGVDenoise, MLT, UnsharpMask
« Adjust appearance - Curves

'* . : » | .
Ag/p‘)ﬂpoc . . » . . www.astrodoc.ca :
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The Power of Projects
-+ Complete History Tracking
.+ Stores all masters, working images, masks, etc.

Agfﬁ(?ﬂpoc " : » . .' www.astrodoc.caw '
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The Power of Projects
* File/Save Project...
» Specify directory and add notes [
 Default settings usually fine

* OQOutput:
= .xosm file with project header i e

Wl 1nclude previews v| Include text documents

12x3m R, G and B

¥| Include interface states V| compute file checksums

= folder containing all 2ol R i
s Processes, image windows,

Codec: | zLib (deflate) | v | M Byte shuffling

Previews and icons oo

o History states for all Views,
Including masks

¥| Include all workspaces

= Workspaces and their contents

-

+ .
Agfl’aﬂﬂoc . | - . .' www.astrodoc.ca.
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ChannelCombination -
» Use to make RGB image from R, G, and B masters -

Grounl _12x5m R

= x 4  Gray 1:9 Groupl 12x5m O | Groupl-12xSm @Mt [ X = x 4  Gray 18 Groupl 12x5m 0 | Groupl-12xsm 8.t [

i
!

® rormat Explorer 3 Wocess Expirer B View Explorer | ¥ Mrocess Comsble

| Groupt_1265m 6 X | BIE K W

Eany
epny

.* | « "
Agfl’aﬂﬂoc ' _ - . » www.astrodoc.ca
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ChannelCombination
« Use to make RGB image from R, G and B masters

et i T
b=a

@ Formnt Exploret | L3 Wocens Exprorer | I View Exgtorer 7 Ovocess Cotele

Gt 12am G X BEHN
il
"

LERTS

i}
bedl
=
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ScreenTransferFunction

 Makes image visible on screen without changing data

T ox -z ey 1o Grouplizsm R | GouplansmRnt [
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ScreenTransferFunction

« Makes image visible on screen without changing data

[ — I

| I
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DynamicCrop
» Cropping removes unwanted portions of an image
» Edge artifacts from integration

= Severe gradients (vignetting, moonlight)
= Oblong stars in corners

« DynamicCrop is the tool of choice

Astrod? Loc
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Gradient Removal
« Sources of light gradients include
= Light pollution or moonlight
= Optical imperfections (e.g. vignetting, uneven sensor
response)

« PixInsight has two tools for gradient removal:

» Automatic Background Extraction (ABE)
= Quick and easy; limited control
» DynamicBackgroundExtraction (DBE)
o Requires more user input, gives much greater control

= ABE and DBE can be judiciously applied more than once
to achieve desired results

Astrod? Loc

. . > www.astrodoc.ca
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AutomaticBackgroundExtraction
» Often works very well with default settings
= Try lowering Function Degree and increasing Tolerance if needed
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DS)nafnicBackgrdUﬁdExtféCtion -

= Afew well-placed sample points may be enough
= |[ncrease Tolerance and Shadows Relaxation if needed

. . -
Agfl’aﬂﬂoc . _ - . .' www.astrodoc.caA
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ColorCalibration
« All RGB color images require color balancing
= White Balance

= Neutralize Background

» Good gradient removal is an essential first step

o |f necessary, reapply DBE (or ABE) and possibly
BackgroundNeutralization

= ColorCalibration process:
o Takes a 'spectrally agnostic' approach
s Structure Detection mode generally used

. . -
Agfl’aﬂﬂoc . _ - . .' www.astrodoc.caA
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PhotometricColorCalibration

« Alternative to BackgroundNeutralization /

ColorCalibration combo
New in v1.8.5
Includes a built-in tool to neutralize the background
= User must select background reference
= Requires:

o [nternet connection

= |mage scale and target coordinates

» Takes longer than BackgroundNeutralization /
ColorCalibration combo (e.g. 15 seconds vs. 3.5 minutes)

Astrod? Loc
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Average Spiral Galaxy |v
mbridge, U
calibration
Image Parameters

Plate Solving Parameters

v| Automatic catalog r

| Automatic imit magnitude

Distortion cor
o, Force plate
X Advanced Plate Solving Parameters
Gnomaonic n
| -1.00
e reduction:
¢ Alignment device: | Triangle similarity |+
- Spline smoothing: | 0.05 !
" Photometry Parameters
Photometry catalog:
‘ | Automatic imit magnitude
.

Automatic aperture

Saturation thre i | 0,95

PSF photometry

v| Background Neutralization

h H

‘* . » | .
Agfﬁaﬂpoc ’ ‘ . » www.astrodoc.ca '
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MultiscaleLinearTransform

oo
b,

Algorthm:  Starfet transform

Layurs

4.

Dutail Layer 44
Blas
Noowe Reductin
Theashakt: | 0.500
Amount: | 020

Itarations: | I

©© Formanr Exprarar | ) Process Explarer | Bl View Expliter | ¥ Process Consom

Linmay Madk

AmpiScation

bSigma Noise Thranhaiding
Deringing

Largs-Seain Yrunsfur Punction

Dynamic Range Extension

Layer Preve
Na layer prevee

— E =
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.'Stretcﬁ‘iﬁg'

« To this point files are 'linear' — the histogram hasn’t
been altered

= Most information is near the left (black) end of the
histogram.

-+« Moving the gray point to the left (towards black)
~ brightens the darkest part of the histogram
« Stretching advice
= Never move the white point

= Black point can be moved to the right, but avoid clipping
dim detail in shadows

ﬂgfraﬂ Loc

. . www.astrodoc.ca
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” H'iét'ogr.amTrarAi.s.i.‘brma‘ti.o'n

Move the gray point
slider to the left to
stretch the histogram

Move the black
point to the right,
being careful not
to clip the dim
data

Agffoaﬂoc ‘ .. R .'. N Sl Ca
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Do not move the White
Point, or bright cores will
be burned out




Non-linear Noise Reduction: TGVDenoise

Aslmz*ﬂ Loc
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Non-linear Noise Reduction: TGVDenoise

.745fl’0a ﬂac al : s
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% .Sharpening‘

« MultiscaleLinearTransform

Layers

= RB and WK preferred approach oovte (Ot [

Scaling function: | Linear Interpolation (3)

Layer | Scale | Parameters

* UnsharpMask A

2 +0.060
4 +0.050

= Easy to use, but needs a light touch S

16

v| Detail Layer 4/4
Bias: 70.030 7
| Noise Reduction
| Linear Mask

| k-Sigma Noise Thresholding

USM Fiiter v| Deringing

StdDev: | 1. Dark: | 0.0200
Bright: | 0.0000 |k
Amount: | 0.8 Output deringing maps

Target: | Lightness (CIE L*) hall Large-Scale Transfer Function

| Deringing Dynamic Range Extension

Dynamic Range Extension Target: Layer Preview:

RGB/K components v| | Ne layer preview

. m O )
- A O oD X

Agfpaapoc '- . 4 ! ' .' www.astrodoc.ca“

Astrophotography by Ron Brecher



~ Sharpening Mask
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1. Make a range mask and a star mask (RangeSelection and StarMask)

2. Blur to remove stars (Convolution)

3. Subtract star mask from range mask (PixelMath)

-
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{1 Ha->Preview01

;4511’0? LDoc
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Algorithm: | Starlet transform
Layers
*) Dyadic Linear: | C Layers:
Scaling function: VLinear Interpolation (3)

Layer |Scale | Parameters

+0.060
+0.050
+0.030

v| Detail Layer 4/4
Bias: | 0.030
Noise Reduction
Linear Mask
k-Sigma Noise Thresholding
v| Deringing
Dark: | 0.0200
Bright: | 0.0000
Output deringing maps

Large-Scale Transfer Function

Dynamic Range Extension

Target: Layer Preview:
RGB/K components No layer preview

Pl

Quality: | Smooth « 0 T4

B

.
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Algorithm: | Starlet transform
Layers
*) Dyadic Linear: | C Layers:
Scaling function: VLinear Interpolation (3)

‘ Layer ‘ Scale ' Parameters
1
2 +0.060

4 +0.050
+0.030

v| Detail Layer 4/4
Bias: | 0.030

Noise Reduction

Linear Mask
k-Sigma Noise Thresholding
v| Deringing
Dark: | 0.0200
Bright: | 0.0000
Output deringing maps
Large-Scale Transfer Function
Dynamic Range Extension

Target: Layer Preview:
RGB/K components No layer preview

Pl

] Ha-=Preview01 Quality: | Smooth 14
b
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Curves
e Curves permits simultaneous adjustment of
Brightness and contrast
Color saturation
Individual RGB channels

CIE L*a*b* channels
Alpha channel (for PNG)
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Curves
e Curves permits simultaneous adjustment of

Brightness and contrast
Saturation
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Curves
* Brightness and contrast goals
Dark (but not black) background
Bright (but not white) highlights

All levels of brightness visible and distinct
Natural transitions from dark to light

.+ Saturation goals
» Colors look natural (for RGB)

= Color noise is not obvious
» Background areas look neutral

Astro@)Poc
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Summary
* Only a few image processing steps are needed to

get great images

« Correct gradients, balance color, and reduce noise ‘
before stretching '

~+ Sharpen, smooth and adjust brightness, contrast
and saturation after stretching

~+ Experiment with settings to see what happens
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" What Else is There?

 Masks — limit processes to specific parts of an image
« Deconvolution — counteract atmospheric blurring

* MorphologicalTransformation — shrink or ‘fix’ stars

« Combine NB and RGB — make nebulae pop

~+ Synthetic L — make a luminance master from color or
narrowband-filtered data

+ * PixelMath — limitless possibilities to combine images; great
for making masks

« Painting — repair artifacts, improve masks, annotate images

* \ "
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What Else is There?
« HDR methods — manage wide brightness ranges
« Multiscale methods — target large or small structures
« |Image analysis — measure image characteristics
 Mosaic tools — create seamless multi-panel mosaics
« Color management — consistent colors on different devices

« Align color channels — fix alignment with ChannelMatch

* Enhance — target specific regions of an image

‘ = DarkStructureEnhance and BackgroundEnhance scripts
' = StarReduction script to shrink star sizes
= ExponentialTransformation to boost signal in dim areas

e ...and much more!
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Resources

.+ Harry’s Astroshed (free)
 LightVortexAstronomy.com (free)
-~ |PAAP.com (subscription)

~» PixInsight Forum

Astrodoc.ca
 ‘Articles’ tab includes two Sky
&Telescope articles on Pl
* Processing details with all images
* On-line tutoring (private/group)

~* Inside PixInsight by Warren Keller I ol

ekl

ip4ap.com, springer.com,
amazon.com :
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