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1. Purpose of preprocessing

This page describes the procedure for preprocessing raw images which is the essential step before processing
the final image.

The pre-processing process involves filtering the defect-free raw images acquired with the help of the N.LLN.A.
tool, creating the calibration images and processing the raw images with pre-processing, alignment and
stacking algorithms basically.

As a reminder, reducing noise in the final image to be processed is obtained by stacking a large number of
raw images. This is because the signal-to-noise ratio (SNR) increases with the square root of the number of
stacked images. Thus, to increase the SNR by a factor of 1.4, it will be necessary to double the number of
images.

Detailed explanation of signal to noise ratio
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Here is a comparison between an image made from 43 raw images preprocessed, aligned and stacked with
SIRIL and a single raw image (H-Alpha filter, exposure time of 480s, sensor cooled to -20°C)

We notice that there is still a little noise in the final image which has an SNR gain of 6.5: an SNR gain of 8 or
64 stacked images would have been preferable.

2. Filtering captures

This filtering step will make it possible to avoid taking into account in the preprocessing process images with
significant defects visible to the eye. It is not mendatory as this filtering can be carried out automatically
during the preprocessing step with the SIRIL tool:

¢ Selection of the "average with rejection” stacking mode which allows images with so-called "deviant"
pixels to be deleted iteratively (satellite or airplane trails for example). This is very practical in the
context of short exposure acquisitions which generate a very large number of images (> 10,000)

¢ Selection of one or more criteria on the quality of the background of the sky or the stars which makes it
possible to eliminate images with a sky that is too clear or images that are too blurry linked to the
quality of tracking or atmospheric turbulence.

2.1 Creation of “quick looks”

In order to be able to sort all the raw images created in the default "FITS" format, you will have to create so-
called "quick look" images. These images will be compressed images in JPEG format and with a histogram
stretching to better see the defects.

| use the Nebulosity tool which allows batch processing of raw images, here is the procedure:
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1. Open a single raw image for a chosen filter which will serve as a reference for other images of the same
filter and adjust its size on the screen

Wain Image Display

234

25 -

ot con

No camera

Advanced

Name  Seriest

LIGHT_Ha_0007.

2. You must uncheck "auto” to be able to modify the histogram which is too dark with the default values

of Nebulosity so as to clearly see the object. 2 settings are possible: cutting dark tones and cutting light
tones In general, only clipping white tones is enough to make the object stand out.
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3. To batch process images taken with the same filter and with the same histogram adjustment that has
just been made, simply go to the “Batch/Batch Conversion/FITS to JPG" menu.

4. In the window that opens, select all the desired images then click on "Open”

5. Batch processing begins with a tracking indicator at the bottom of the window

6. We can continue with the other raw images taken with other filters as well as the “flat” calibration
images

2.2 Filtering raw images

To filter raw images, | use the "FastStone Image Viewer" tool which allows you to select and filter "quick look"
images easily. Various useful features are present such as displaying the histogram or comparing 2 images in
“side by side" display.

2.2.1 Manual filtering of “quick look” flats

The filtering of "quick look" images of “flat" calibration is carried out only at the histogram level. Indeed, these
are generally taken in succession and with constant lighting but it happens that some are a little overexposed
(histogram clipped towards the highlights)

Type: JPEG Bitmap (JPG) YCbCr
Taille: 7.34 MB

Datefheure; 2025-11-08 19:18:34
Attributs: 4656 x 3520 (16.39 MP) 24bit
Taille Impr.: 48.50 x 36,67 pouces, DPT: 96x 96  DPI

EXIF  Histogramme Commentaires JPEG

Canaux: Gris

# couleurs

Fermer

Each retained “quick look” image is moved to a folder named “PREVIEW/RETAINED".

2.2.2 Manual filtering of “quick look” objects
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Filtering the raw "quick look" images of objects should make it possible to retain only images without major
defects and with a histogram as narrow as possible towards dark tones.

* To exclude: median of the histogram > 64 (sky background too light)

: JPEG Bitmap {JPG) YCbCr
- I Taille: 5.59 MB
Datefheure: 2025-11-03 19:06:52
Attributs: 4656 x 3520 (16.39 MP) 24hit
Taille Impr.: 48,50 x 36.67 pouces, DPI: 96 x 96

| 4656x3520 JPG_:- 4656=3520 JRG 4656=3520 C 3 I 46563: L8}
LIGHT Ha_0000_23-1..  LIGHT Ha_p001 23-1.. LIGHT Ha 0002 23-2.. LIGHT || EXIF  Histogramme  Commentaires JPEG
| 4656x3520 JPG_: 4636x3520 PG 4656x3520 PG | ! ‘
.LIGHT_Ha_'DDDS_B—S...I LIGHT_Ha_DDDIS_OD—'D.... .LIGHT_Ha_ﬁDD?_'DEI—L.. .LIGH:I' __I- ey = =
Canaux: Gris ~
# couleurs

| 4656x3520 pG | | 4656x3520 IPG 4656x3520 PG | | 4656x3

LIGHT_Ha_0010_00-3...  LIGHT Ha_0011_00-4... LIGHT_Ha_0012_00-3.. LIGHT_K

Fermer

| 46356x3520 PG | | 4656x3520 JPG A4656x2520 JPG

LIGHT_Ha_0015_01-1..  LIGHT_Ha 0016_01-2...  LIGHT_Ha 0017 01-3...

Filtering the sky background can be done automatically with SIRIL at the “sky background” criterion.

* To exclude: trails from planes or satellites that are too bright

Filtering of trails can be done automatically

with SIRIL with the stacking mode with rejection of deviant pixels
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* To exclude: cloudy periods

Filtering the sky background can be done
automatically with SIRIL at the “sky background” criterion.

* To exclude: tracking problem

This filtering is less important because we will see that the tracking problems can be filtered directly at the
level of the SIRIL tool by playing on the FWHM and roundness criterion of the stars which will exclude stars
that are too elongated beyond this threshold.

Each retained "quick look” image has to be moved into the folder named "PREVIEW/RETAINED".

2.2.3 Automatic filtering of raw images and flats

A bash script executed from WSL, which is the Windows Linux Virtual Machine, is responsible for doing the
same filtering action but automatically for the raw images of objects and flats based on the manual sorting of
"quick looks" already carried out.

This script will move the raw images into the "RAW/RETAINED" directory identical to what the
"PREVIEW/RETAINED" quick look directory contains.
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3. Search for past candidate sessions

The goal of this step is to find previous raw images of the same object and taken under the same conditions

(focal length, field rotation, imager, filter, etc.) so as to be able to align them.

The objective is to increase the signal/noise ratio as described previously: the more images we stack, the
better the SNR will be.

For this purpose, | note down all my sessions in a spreadsheet with:

Example with filtering of sessions on the “NGC7293" object:

Session identifier (Year-Number)
Imager (telescope or refractor)
Object name

Filter used

Field corrector
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21-21

21-26

21-27

21-28

2510

25-11

25-12

11-aoit-21

4-sept-21

B-sept-21

12-zept-21

12-oct-25

15-oct-25

16-oct-25

17-oct-25

G5 SERVER

G5 SERVER

G5 SERVER

53 SERVER

G5 SERVER

G5 SERVER

G5 SERVER

Mewton )

Mewton

MNewton

Mewton

Mewton

MNewton

Mewton

Mewton

PHD Guiding

4

PHD Guiding
V2

PHD Guiding
V2

PHD Guiding
V2

PHD Guiding

PHD Guiding
Wz

PHD Guiding
W2

PHD Guiding
V2

M27
NGCEE888
NGCT7293

M27
MNGCE388
NGC7T293

M33

MGCGE88
NGCT293
M33

IC1318
NGCE888
NGCT293

M33

MNGCT293
1C1805

NGCT293
IC1805

NGC7293
IC1805

NGC7293
IC1805

ASIB00

ASI1600

ASIME00

ASIME00

ASME00

ASIM600

ASIME00

ASIME00

HAlpha
oll
=

HAlpha
olll
]

C1S

HAlpha
il
Sl

CLS

HAlpha
el
Sl

e 2

HAlpha
o
Sl

HAlpha
(11}
Sl
HAlpha
(11}
Sl
R
G
B
HAlpha
Qi
Sl

MFPCC

MFPCC

MPCC

MFCC

MPCC

MPCC

MFCC

MFPCC

A script written in Visual Basic allows you to generate a tab which summarizes all the sessions carried out by

object with its characteristics (imager, corrector, filter)
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18-55mm_14mm
_Rédu 0,8 MPCC ‘Barlow
E _ Olll Sl
25
1

2371319

2

MNewton : Fwmh=6.1 5

Fwmi 6
28132412110/ 11 3
1C5146
Ha=7.0

Fwmh : Ha=5,7 ; 03=49
25/28130 28 30 0
M57

fuwmh=5.3 6.7 6.7 5.7 | 6.7
fwmh : Ha=5.7 ; 03=5.5

fwmh : Ha=7,5; 03=68 i
33730137 0 0 8 5 2 14 3 8 3 8 0
M7
fwmh=85 420s

1825

fwmh ;. L=5.6 - Ha=6.0

This spreadsheet is therefore very practical for identifying all the images of the same object taken under the
same conditions and which can be selected for the preprocessing process.

4. Image Library

The raw image library is stored on a local disk with double backup (2nd mirrored local disk and Cloud)

4.1 Creation of the offset library
To produce “offset” calibration images with only the dark current of the sensor, simply:

* Cover the camera

® Set the exposure time to the minimum value

¢ Set the same camera gain/offset as for raw object images

* Produce a large number of images (approximately 50 to 100) in order to obtain a master offset which is
representative of the statistical series (median)

Offset calibration images do not need to be taken at each acquisition session but approximately every 1 to 2
years as the sensor ages. We can therefore build up a library of offsets with different sensor temperature and
gain settings to correspond to the different raw images of the objects to be preprocessed.

Example of an “offset” type calibration image:
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Defauts :

courant trop fort
ou trop faible

4.2 Creation of the darks library

To produce the “dark” calibration images corresponding to the thermal noise, you must:

® Place the camera in a room without light (the protective cover of the imager is not sufficient because it
lets some light through, especially with an optical divider already mounted)

® Cover the camera

¢ Set the same camera gain/offset as for raw object images

* Take a large number of images (approximately 50 to 100) in order to obtain a dark master which is
representative of the statistical series (median)

* Set the same exposure time as for the raw images of the objects

Dark calibration images do not need to be taken at each acquisition session but approximately every year as
the sensor ages. If we see new hot pixels appear after preprocessing, then we will have to redo the dark library
for the temperature concerned. We can build a library of darks with different sensor temperature and gain
settings to correspond to the different raw images of the objects to be preprocessed.

Example of a “dark” calibration image:
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Défauts :
pixels chauds

4.3 Creation of flat calibration images

Unlike the "offset" and "dark" calibration images, the "flat" calibration images (known as "flat field") must be
produced under the same conditions as the raw images of the objects and therefore at the end of each
session because dust can be added between two sessions and the focusing will not be strictly identical.

Example of a “flat” calibration image:
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Reflet dent
engrenage roue
a filtres

Vignetage

Poussiére

4.3.1 Conditions for taking flats

* Maintain the same focus as for the raw images of the objects

* Make a flat per filter used during the session

* The temperature of the sensor is less important but you must ensure that it is not too high in order to
limit noise in the image (below 0°C is preferable)

* Position a neutral, uniform and stable light source in front of the imager and adjust the exposure time
so as to have a histogram approximately 2/3 full

* Take a large number of images (approximately 30 to 50) in order to obtain a master flat which is
representative of the statistical series (median)

4.3.2 Flat calibration

Concretely, | use a dedicated luminescent panel from the Lacerta brand whose lighting power | deliberately
reduced, which was much too strong, by placing a resistor on the power circuit. It is very practical to
implement because it is directly controlled by the NINA application via a USB-connected controller from the
same brand.
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Simply select the filters used during the session for which you wish to create flats via the calibration tool
integrated into the NINA application.
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Assistant PLU

L

R
Exposition Min PLU
Exposition Max PLU

Taille des pas pour PLU

Luminosité du panneau a flats

Moyenne cible
de 32768
I'Histogramme

Tolérance de la 50491 - 36045
moyenne

G

03
52

CLS

Pause entre les filtres

Thus, the exposure time of each filter is calculated automatically:
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Binning 1x1 Binning 2x2
Filtre Gain 75 Filtre Gain 75

L L

1.04s @ 100

0.78s @ 100

1.20s @ 100

52

CLS 0./76s @ 100 CLS

4.3.3 Programming the flats

Once the flat calibration step has been completed for each of the filters, simply add the programming in the
NINA application. (The alert indicated opposite each programming must disappear if the calibration has been
carried out because a exposure time is present in the flat calibration table)

/'}’ Déclencheurs
@ Conditions de la boucle
Instructions
tendre I'heure Source Acquisition (Sec) ¥ Acquisition (Sec)

froidir la caméra ) Température -20 °C | Délai Min. 0 min

Luminosité — 10000

Quantité 30 | Filtre S2 ¥ | | Binning i 139 |

Progression 0/30
Garder fermé OFF
Quantité 30 | Fitre O3 ~ | | Binning 1x1 139 |

Progression 30/30
Garder fermé OFF
Quantité 30 | Fitre Ha > | | Binning 1x1 139 |

Progression 30/30
Garder fermé OFF

r la lumiére OFF

chauffement Cam Délai Min. 0 min

4.4 Organization of offset and dark calibration images
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Offsets and darks do not need to be redone at each session because these defects evolve very slowly over

time. However, it will be preferable to update this library every year.

The structure of the folders of the library of raw offset and dark calibration images is as follows:

v  ASTROMNOMIE

W
W

b

v CAPTURES

ADVENTURER_MINI
ANALYSES
CALIBRATIONS

BIAS

b
W

ASI_1600_MM_Pro
Gain75_Offset15_T-15C
APERCUS
BRUTES
Gain75_Offset15_T-20C
APERCUS
BERUTES
Gain150_Offset30_T-15C
APERCUS
BERUTES
Gain150_0ffset30_T-20C

DARKS

W
W

ASI_1600_MM_Pro
Gain75_Offsetl5_T-15C
APERCUS
BRUTES
Gain75_Offsetl5_T-20C
| APERCUS
§ B BRUTES
Gain150_Offset30_T-15C
APERCUS
BRUTES
Gain150_Offset30_T-20C
APERCUS
BRUTES

LA W hE WA T £ o F LA A TP ATV TN PR F. ]

|| DARK_S2_0082_04-20-56_Bin1x1_300.00s__-20.00C_G75_015fits
| | DARK_S2_0081_04-15-55_Binl1x1_300.00s_ -20.00C_G75_015fis
| DARK_S2_0080_04-10-55_Bin1x1_300.00s__-20.00C_G75_015fits
|| DARK_S52_0079_04-05-54_Binl1x1_300.00s__-20.00C_G75_015fits
| DARK_S2_0078_04-00-53_Bin1x1_300.00s__-20.00C_G75_015fits
| | DARK_S2_0077_03-55-53_Bin1x1_300.00s__-20.00C_G75_015fits
|| DARK_S2 0076 03-50-52_Bin1x1_300.00s_ -20.00C_G75_015fis
|| DARK_S2_0075_03-45-51_Bin1x1_300.00s__-20.00C_G75_015fits
|| DARK_S2_0074_03-40-51_Bin1x1_300.00s_ -20.00C_G75_0151fis
|| DARK_S2_0073_03-35-50_Binl1x1_300.00s__-20.00C_G75_015fits
|| DARK_S52_0072_03-30-49_Bin1x1_300.00s__-20.00C_G75_015fits
| DARK 52 0071 03-25-49 Binlx1 300.00s -20.00C G75 O15fis
| DARK_S2_0070_03-20-48_Bin1x1_300.00s__-20.00C_G75_015fits
| | DARK_S2_0069_03-15-47_Bin1x1_300.00s_ -20.00C_G75_0151fis
| DARK_S2_0068_03-10-46_Bin1x1_300.00s__-20.00C_G75_015fits
|| DARK_S52_0067_03-05-46_Bin1x1_300.00s__-20.00C_G75_015fits
| DARK_S2_0066_03-00-45_Bin1x1_300.00s__-20.00C_G75_015fits
|| DARK_S2_0065_02-55-44 _Bin1x1_300.00s__-20.00C_G75_015fits
|| DARK_S2 0064 02-50-43_Binlx1_300.00s_ -20.00C_G75_015fts
|| DARK_S2_0063_02-45-43_Bin1x1_300.00s__-20.00C_G75_015fits
| DARK_S2_0062_02-40-42_Bin1x1_300.00s_ -20.00C_G75_015fits
|| DARK_S2_0061_02-35-41_Bin1x1_300.00s__-20.00C_G75_015fits
| DARK_52_0060_02-30-40_Bin1x1_300.00s__-20.00C_G75_015fits
|| DARK_S2_0059_02-25-40_Bin1x1_300.00s__-20.00C_G75_015fits
|| DARK_S2_0058_02-20-39_Bin1x1_300.00s__-20.00C_G75_015fits
|| DARK_S2_0057_02-15-38_Bin1x1_300.00s_ -20.00C_G75_0151fis
| DARK_S2_0056_02-10-38_Bin1x1_300.00s__-20.00C_G75_015fits

TMmAMEY OO ANCC M9 NE 27 Diedwd 30000 e TN TTE ML R

The raw images are sorted by calibration type (offset or dark), by sensor, then by camera gain, camera offset

and temperature. Each series of raw images is stored in a "RAW" directory and the associated "quick look”

images in an "PREVIEW" directory.

4.5 Organization of raw flat images and objects

This library contains both the raw images of the objects and also the raw images of the flats corresponding to

each session. Indeed, the "flat" calibration images must be taken at the end of each session because it is

necessary to recover the defects linked to dust and focusing essentially which can change with each use of the

equipment.

The folder structure of the raw images and flats library is as follows:
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W

SIRIUS_EQ-G

b

b

LUNMETTE_SW_B0ED

ASI_1600_MM_Pro

NEWTON_ORION_200

ASI_T74_MM_Mini
ASI_290_MC

. ASI_1600_MM_Pro
SEANCE_19-18
SEAMNCE_13-19
SEANCE_19-20
SEANCE_13-21
SEANCE_19-22
SEAMNCE_139-23
SEANCE_19-24
SEANCE_19-25
SEANCE_20-1
SEANCE_20-2
SEANCE_20-3
SEANCE_20-4
SEANCE_20-5
SEANCE_20-6
SEANCE_20-7
SEANCE_20-8
SEANCE_20-9

v SEANCE_20-10
AUTOGUIDAGE

DIVERS
v FLATS
v | APERCUS

v | BRUTES

FOCUS

v OBJETS
v MI0T

RETENU

RETEMNU

INEXPLOITABLE

v | APERCUS

. RETENU
BEST
BRUTES

. PRE-TRAIT
TRAITEMENT

VERIFICATION

£

SEAMNCE_20-11
SEANCE_20-12
SEANCE_20-13

]

MNom

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

L_B_2020-05-19_03-58-48_Bin2x2_180s__-20C_G/5.fit
L_B_2020-05-19_03-55-36_Bin2x2_180s__-20C_G75.fit
L_B_2020-05-19_03-52-25_Bin2x2_180s__-20C_G/5.fit
L_B_2020-05-19_03-49-14_BinZ2x2_180s__-20C_G75.fit
L_B_2020-05-19_03-46-03_Bin2x2_180s__-20C_G/5.fit
L_G_2020-05-19_03-42-49_BinZx2_180s__-20C_G75.fit
L_G_2020-05-19_03-39-38_Bin2x2_180s__-20C_G75fit
L_G_2020-05-19_03-36-27_BinZx2_180s__-20C_G75.fit
L_G_2020-05-19_03-33-15_Bin2x2_180s__-20C_G75fit
L_R_2020-05-19_03-26-51_BinZx2_180s__-20C_G75.fit
L_R_2020-05-19_03-23-40_Bin2x2_180s__-20C_G75fit
L_R_2020-05-19_03-20-29_BinZx2_180s__-20C_G75.fit
L_R_2020-05-19_03-1/-18_Bin2x2_180s__-20C_G75fit
L_R_2020-05-19_03-14-07_BinZx2_180s__-20C_G75.fit
L_L_2020-05-19_03-10-51_Bin1x1_360s__-20C_G/5.fit
L_L_2020-05-19_03-04-34_Bin1x1_360s__-20C_G75fit
L_L_2020-05-19_02-58-17_Bin1x1_360s__-20C_G/5.fit
L_L_2020-05-19_02-52-01_Bin1x1_360s__-20C_G75fit
L_L_2020-05-19_02-45-44_Bin1x1_360s__-20C_G7/5.fit
L_L_2020-05-19_02-39-28_Bin1x1_360s__-20C_G75fit
L_L_2020-05-19_02-33-11_Bin1x1_360s__-20C_G/5.fit
L_L_2020-05-19_02-26-55_Bin1x1_360s__-20C_G75fit
L_L_2020-05-19_02-20-37_Bin1x1_360s__-20C_G7/5.fit
L_L_2020-05-19_02-14-21_Bin1x1_360s__-20C_G75fit
L_L_2020-05-19_02-08-04_Bin1x1_360s__-20C_G/5.fit
L_L_2020-05-19_02-01-48_Bin1x1_360s__-20C_G75fit
L_L_2020-05-19_01-55-31_Bin1x1_360s__-20C_G/5.fit
L_L_2020-05-19_01-49-14_Bin1x1_360s__-20C_G75fit
L_L_2020-05-19_01-42-58_Bin1x1_360s__-20C_G/5.fit
L_L_2020-05-19_01-36-11_Bin1x1_360s__-20C_G75fit
L_L_2020-05-19_01-29-03_Bin1x1_360s_ -20C_G7/5fit
L_L_2020-05-19_01-22-50_Bin1x1_360s__-21C_G75ft
L_L_2020-05-19_01-16-37_Bin1x1_360s__-20C_G/5.fit

2026-01-04

The raw images are sorted by imager (scope, telescope, etc.), by sensor (ASI1T600MMPro, EOS450D, etc.) and

by session.

Each "SEANCE_AA-XX" directory contains the following main directories:

* AUTOGUIDAGE: contains the quality data of the autoguidance carried out
* EP: data of the periodic error of the mount if it is carried out
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* FLATS:
© PREVIEW / RETAINED: contains the “quick look” images of the flats which are retained during
manual filtering
© RAW / RETAINED: contains the raw images of the flats which are retained for preprocessing
* FOCUS: contains the json data of the automatic focuses carried out by NINA
* OBIJECTS:
© OBJECT_NAME:
= PREVIEW / RETAINED: contains the “quick look” images of the object which are retained
during manual filtering
= RAW / RETAINED: contains the raw images of the object which are retained for
preprocessing

5. Creating the Preprocessing Project

5.1 Interest of Sirilic

The preprocessing tool | use is called SIRIL Before launching the tool, you must add all the raw images of the
objects and calibrations. This step is all the more tedious as we have a large number of images distributed in

various directories.

To make the task easier, there is a tool called Sirilic which allows you to generate a script directly usable by
SIRIL.

So that this script can be generated from our raw images, 2 methods are possible:

* Load files by image category and by session from the Sirilic interface but quite tedious
* Automatically generate the project file which will then be loaded from the Sirilic interface.

So this is the 2nd solution that | chose.

5.2 Automatic generation of the project in Sirilic format

In order to automatically generate the project in Sirilic format, | developed a bash script which is launched
directly under WSL, which is the Windows Linux Virtual Machine.

The script is configured with the following raw image name formalism (modifiable in the NINA settings):
LIGHT_Ha_0007_00-10-29_Bin1x1_480.00s__-20.00C_G75_0O15 fits

* Image type: BIAS / DARK / LIGHT / FLAT
* Filter type: L, CLS, R, G, B, Ha, O3, S2

* |d: 0000 to 9999

¢ Date: YY-MM-DD

* Binning: Bin1x1 or Bin2x2

® exposure time (s): XXX.00s

® Sensor temperature (°C): -XX.00C

® Camera gain: GXXX

® (Camera offset: OXX
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Script arguments:

* Object name

* Filters chosen for preprocessing among: L, CLS, R, G, B, L_Ha, Ha, L_O3, 03, S2 (L_Ha: Ha filter in Bin1x1,
L_O3: O3 filter in Bin1x1)

* Sessions that you want to stack (separated by a space)

Example of launching the script:

./creation_projet sirilic_v3.sh NGC7293 L _Ha,L 03,R,G,B SEANCE_19-19 SEANCE_19-23
SEANCE_19-24 SEANCE_21-18 SEANCE_25-10 SEANCE_25-11 SEANCE_25-12

This script will perform the following steps:

1. Creation of the list of all images from the libraries of calibration images and raw session images
2. For each session in the list of arguments:

® For each filter in the filter list:
© Added raw images of the object to the project file
o Search for exposure time
© Search sensor temperature
© Search for camera gain
o Addition of compatible “offset” calibration images to the project file
© Added compatible "dark" calibration images to the project file
© Added compatible "flat" calibration images to the project file

3. Control of the homogeneity of the gains / offset / binning of the images found

Example of Sirilic project file generated with 5 filters and from 7 sessions : NGC7293_L_Ha_L_O3_R_G_B.prj
(Log file)

Example of loading a project in Sirilic :
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- Sinl 1C ( SiriL Image Converter ) "= Projet : M42_L_CL5_R_G_B_L_Ha_03_S2.prj ™
Fichier Projet Actions Aide

Objet Couche Session Status - Processus Fichiers Propriétés
M4z L 501 images, off
M42 L s02 images,off ||Glisser et déposer les fichiers ou utiliser les boutons de sélection
M4z L 504 images,off  Image:
W42 L 05 images,off || EAASTRONOMIE\CAPTURES\SIRIUS_EQ-GYNEWTON_ORION_2000AS|_1600_MM_Pro\SEANCE_25-1\OBJETS\M42\BRUTES\RETENUVLIGHT_CLS_0030_23-15-59_BinTx1_360.00s_-20.00C_G75_015 fits
M42 R s01 images,off EAASTRONOMIELCAPTURES\SIRIUS_EQ-G\NEWTON_ORION_2000ASI_1600_MM_Pro\SEANCE_25-1\OBJETS\M42\BRUTES\RETENUNLIGHT_CLS_D031_23-22-31_Bin1x1_360.00s__-20.00C_G75_015 fits
¥ EAASTRONOMIE\CAPTURES\SIRIUS_EQ-G\NEWTON_ORION_2001ASI_1600_MM_Pro\SEANCE_25-1\0BJETS\M42\BRUTES\RETENUNLIGHT_CLS_0032_23-28-05_Bin'x1_360.00s_-20.00C_G75_015 fits
maz R 02 images,off [ gy ASTRONOMIE\CAPTURES\SIRIUS_EQ-G\NEWTON_ORION_200\ASI_1600_MM_Pro\SEANCE_25-1\OBJETS\M42\BRUTES\RETENUALIGHT_CLS_0033_23-35-32_Binx1_360.00s_-20.00C_G75_015fits
M42 R 02 imageseff || EAASTRONOMIE\CAPTURES\SIRIUS_EQ- GYNEWTON_ORION_200\ASI_1600_MM_Pro\SEANCE_25-1\OBJETS\M42\BRUTES\RETENUVLIGHT_CLS 0034 23-42-10_Bin'x1_360.00s_-20.00C_G75_015fits
M4z R S04 images,off || EAASTRONOMIELCAPTURES\SIRIUS_EG-G\NEWTON_ORION_2004ASI_1600_MM_Pro\SEANCE_25-1,0BJETS\M42\BRUTES\RETENUNLIGHT_CLS 0035 23-48-42_Bin1x1_360.00s_-20.00C_G75_O15 fits
M4z R 05 images,cff || EVASTRONOMIE\CAPTURES\SIRIUS_EQ-G\NEWTON_ORION_200\AS1_1600 MM_Pro\SEANCE_25-1\OBJETS\WMZ\BRUTES\RETENUNLIGHT_CLS 0036 23-55-15 BinTx1_360.00s_-20.00C_G75 01 fits
M42 G so1 images, off
M42 G s02 images,off
M42 G 503 imagesoff | (Gffaate:
a2 G S04 imagesoff e ASTRONOMIE\CAPTURES\ CALIBRATIONSABIAS\AS_1600_MM_Pro\Gain75_Offset15_T-20C\BRUTES\BIAS_52_D000_22-50-21_BinTx1_0.00s_-20.00C_G75_015 fits
M42 G 503 imagesoff || EAASTRONOMIE\CAPTURES\CALIBRATIONS\BIAS\AS|_1600_MM_Pro\Gain75_Offset15_T-20C\BRUTES\BIAS_52_0001_22-50-21_Bin1x1_0.00s_-20.00C_G75_015 fits
M42 B so1 images,off || EAASTRONOMIE\CAPTURES\CALIBRATIONS\BIAS\AS|_1600_MM_Pro\Gain75_Offset15_T-20C\BRUTES\BIAS_52_0002_22-50-22_Bin'x1_0.00s_-20.00C_G75_015 fits
nan o e e ¥ || EAASTRONOMIE\CAPTURES\ CALIBRATIONS\BIAS\ASL_1600_MM_Pro\Gain75_Offset15_T-20C{BRUTES\BIAS_S52_0003_22-50-22_Binlx1_0.00s_-20.00C_G75_015its
< > EAASTRONOMIE\CAPTURES\CALIBRATIONS\BIAS\ASI_1600_MM_Pro\Gain75_Offset15_T-20C\BRUTES\BIAS_52_0004_22-50-23 Binx1_0.00s_-20.00C_G75_015 fits
EAASTRONOMIE\CAPTURES\CALIBRATIONS\BIAS\AS|_1600_MM_Pro\Gain73_Offset15_T-20C\BRUTES\BIAS_52_0005_22-50-24_Bin1x1_0.00s_-20.00C_G75_015 fits
£ Work directory: EAASTRONOMIEVCAPTURESY ~ || EAASTRONOMIE\CAPTURES\ CALIBRATIONS\BIAS\ASI_1600_MM_Pro\ Gain75_Offset15_T-20C\BRUTES\BIAS_S2_DD06_22-50-25_Bin1x1_0.00s_-20.00C_G75_015 fits
=-M42
=88
so1
502 Dark:
504 EAASTRONOMIE\CAPTURES\CALIBRATIONS\DARKS\ASI_1600_MM_Pro\Gain75_Offset15_T-20C\BRUTES\DARK_52_0030_00-53-46_BinTx1_360.00s_-20.00C_G75_015dits
05 EAASTRONOMIE\CAPTURES\CALIBRATIONS\DARKS\ASI_1600_MM_Pro\Gain75_Offset15_T-20C\BRUTES\DARK_52_0051_00-55-47 Binx1_360.00s_-20.00C_675_0154its
R EAASTRONOMIE\CAPTURES\CALIBRATIONS\DARKSAASI_1600_MM_Pro\Gain75_Offset15_T-20C\BRUTES\DARK_52_0052_01-05-48_Bin1x1_360,00s_-20.00C_G75_015dits
01 EAASTRONOMIE\CAPTURES\CALIBRATIONS\DARKSAASI_1600_MM_Pro\Gain75_Offset15_T-20C\BRUTES\DARK_52_0053_01-11-48_Bin'x1_260.00s_-20.00C_G75_015its
w2 EAASTRONOMIE\CAPTURES\CALIBRATIONS\DARKS\ASI_1600_MM_Pro\Gain75_Offset15_T-20C\BRUTES\DARK_52_0034_01-17-49_Binx1_260.00s_-20.00C_G75_015dits
EAASTRONOMIE\CAPTURES\CALIBRATIONS\DARKS\ASI_1600_MM_Pro\Gain75_Offset15_T-20C\BRUTES\DARK_52_0055_01-23-50_Bin'x1_360.00s_-20.00C_G75_0154its
503 EAASTRONOMIE\CAPTURES\CALIBRATIONS\DARKS\ASI_1600_MIM_Pro\Gain75_Offset15_T-20C\BRUTES\DARK_52_0056_01-29-50_Bin1x1_360.00s_-20.00C_G75_015its
S04
505
-G
S0 Flat:
502 EAASTRONOMIE\CAPTURES\SIRIUS_EQ-G\NEWTON_ORION_200\ASI_1600_MM_Pro\SEANCE_25-1\FLATS\BRUTES\RETENU\FLAT_CLS_0260_08-27-44 Bin'x1_0.95s_-19.50C_G75_O15.fits
s03 EAASTRONOMIE\CAPTURES\SIRIUS_EC-G\NEWTON_ORION_2000\ASI_1600_MM_Pro\SEANCE_25-1\FLATS\BRUTES\RETENU\FLAT_CLS_0361_08-27-45 Binlx1_0.85s_-19.50C_G75_O13its
S04 EAASTRONOMIE\CAPTURES\SIRIUS_EC-G\NEWTON_ORION_2000ASI_1600_MM_Pro\SEANCE_25-1\FLATS\BRUTES\RETENUNFLAT_CLS_0362_08-27-47 Binlx1_0.85s_-19.50C_G75_O154its
05 EAASTRONOMIE\CAPTURES\SIRIUS_EQ-G\NEWTON_ORION_2001ASI_1600_MM_Pro\SEANCE_25-1\FLATS\BRUTES\RETENUNFLAT_CLS_0363_08- 19,50C_G75_015its

EAASTRONOMIECAPTURES\SIRIUS_EQ-G\NEWTON_ORION_2000A5]_1600_MM_Pro\SEANCE_25-1\FLATS\BRUTES\RETENUNFLAT_CLS_03264_08-27-50_Bin1x1_0.95s__-19.50C_G75_O13fits

E\ASTRONOMIELCAPTURES\SIRIUS_EQ)-GANEWTON_ORION_200AASI_1600_MM_Pro\SEANCE_25-1\FLATS\BRUTES\RETENU\FLAT_CLS_0365_08-27-51 Binlx1_095s_-19,50C_G75_015.its
EAASTRONOMIE\CAPTURES\SIRIUS_EQ- G\NEWTON_ORION_2000A51_1600_MM_Pro\SEANCE_23- 1\FLATS\BRUTES\RETENUNFLAT_CLS_0366_08-27-52_Bin1x1_0.93s_-19.50C_G75_013.fits

Dark-Flat:

Note that the display is sorted by filters and then by sessions. We can check in the right view that the file
types are correctly arranged in the Images, Offsets, Dark and Flat categories and that they are homogeneous
with each other in terms of exposure time, temperature and binning.

6. Launch of SIRIL preprocessing (driven by Sirilic)

Preprocessing the raw images of objects consists of removing most of the defects:

® Dark current
® Thermal noise (hot pixels)
¢ Dust, vignetting

The following formula is applied: preprocessed_image = ( raw_image - offset_master - (dark_master -
offset_master) ) / (flat_master - offset_master)

6.1. Pass 1

Once the Sirilic project has been generated with the desired sessions, simply load it into the Sirilic app.
Default preprocessing chain for each type of raw calibration images:

* Subtraction of the offset for dark and flat raw images
® Stacking with rejection of each raw series (offset / dark / flat)
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* Normalization of the preprocessed calibration image called "master" calibration image

You must then check and adapt the desired settings => check "Subtract offset" in the properties for images,
offsets, darks and flats

Preprocessing chain for raw object images:

1. Subtraction of the master offset for each raw image (defects related to dark current are removed)

2. Subtraction of the master dark for each raw image without the master offset (defects linked to thermal
noise are removed)

3. Division by the flat master for each raw image without the master offset and without the dark master
(defects linked to dust and vignetting are removed)

4. Alignment of raw images (without master offset, without master dark and divided by master flat)

5. Stacking with rejection (or registration) of aligned raw images (without the master offset, without the
dark master and divided by the master flat)

6. Normalization of the final preprocessed image

JR-lights

FLAT
MAITRE

JSR-master

Cosmetic Alignement Empilemnent

=
|
-
{
+
I
*

Before launching the preprocessing process for the first time, you must adjust the settings in the
“File/Preferences” menu:

21726



Prétraitement_SIRIL_US v2.md 2026-01-04

* Indicate the working directory
® Check "Save a copy in tif format" (if processing step outside the PixInsight App)

To start the pre-processing process, you must:

1. Start step 1: construction of folders
2. Start step 2: build and run the Siril script

6.2. Pass 2

At the end of the preprocessing of pass 1, the Siril application opens.

To better see the preprocessed images, you must select “Auto adjustment” from the drop-down menu at the
histogram level at the bottom of the application.

6.2.1 Filtering sessions

This step consists of viewing the intermediate preprocessed images by filter and for each session in order to
eliminate those which are not satisfactory (defects, sky background too bright, other, etc.):

1. Click on the “Working directory” icon (top left) and select the “Temp” directory

2. Click on the “List of images” icon (bottom right) to bring up the corresponding menu

3. Click on the "Sequence” menu (top right) and select in turn the sequence corresponding to the "COX-
S.seq” filter with X (in my case): 0: Luminance 1: Red 2: Green 3: Blue 4: H-Alpha 5: O3 6: S2

4. In the “List of images” menu, select each of the images corresponding to each session in order to check
if the preprocessing is satisfactory

5. If a session for a given filter is not satisfactory, you must remove it from the Sirilic project: simply select
the corresponding session and click on “destroy an image” in the “Project” menu.
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Chercher séquences

6.2.2 Star quality filtering for luminances

In order to obtain a beautiful preprocessed image as input to the processing stage, it is important not to keep
the raw images which will be used for luminance processing and which have had a tracking problem.

For this, Siril offers a graph which allows you to see the quality of the images at star level with different sorting

criteria.

On a preprocessing of M42 with Siril, | exported the different criteria in order to compare them with each
other in terms of their impact on the quality of the images (43 preprocessed images in total):
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* We see that the criteria "background of the sky" and "number of stars" do not significantly affect the
quality of the images. We still note that a significant drop in the number of stars degrades the quality in
terms of the wFWHM criterion but it would be necessary to observe this on other preprocessings to
ensure this.

* On the other hand, it clearly appears that the degradation of the roundness of the stars leads to a drop
in quality in terms of the FWHM and wFWHM criteria.

® Regarding the difference between the FWHM and wFWHM criteria, we can note that the latter reveals
more quality defects than its raw version FWHM.

In conclusion:

¢ If we only use the FWHM or wFWHM criterion, we can ensure good filtering on the quality of the
images retained for stacking.

¢ If we add the "roundness of the stars" criterion, this also allows us to remove images with stars which
are not very round and which present a tracking problem.

® Using the sky background criterion will make it possible to not keep images for which the useful signal
is too weak compared to the sky brightness signal (light pollution, Moon, etc.) and therefore the details
of the objects will not be visible enough

Example with the “"FWHM" criterion:

1. Click on the "Working directory" icon (top left) and select the directory which contains all the
preprocessed luminance images (L or H-Alpha): "<L or Ha>/GROUP"

2. Click on the “List of images” icon (bottom right) to bring up the corresponding menu

3. Click on the “"Sequence” menu (top right) and select the sequence “r_image_group_.seq”

4. Select the "Graphics” menu
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5. Look at the green curve “increasing FWHM = f (number of images)” and look at how many images the
FWHM criterion deteriorates

6. A minimum number of images must be kept to obtain a sufficient SNR (signal to noise ratio) while
eliminating excessively high FWHMs.

Here is an example where it appears that converging 34 preprocessed images for a max FWHM equal to 8.0
seems a good compromise (just place the mouse cursor on the curve to read the values):

v
v
v
v
v
v
v
v
v
v
v
v
v
v

6.2.3 Restarting preprocessing

In order to save a little time in the process, we can recover the offset and the dark master already created
during pass 1 of a session only if the latter are identical to all the preprocessed sessions (including binning) In
this case, you must check at the "Project” menu: "Define offset and darks masters for all projects" and select
the directory where you copied the master calibration images

Steps remaining to be carried out before restarting the pre-processing process from Sirilic:

® |t is necessary to ensure that all the sessions which should have been removed following visual filtering
have been removed.

* When criteria filtering has been chosen, it must be configured in the Sirilic application. For each session
corresponding to the luminance filters, the chosen parameters must be applied in the "Property” menu,
"IMAGES" tab in the "Rejecting Filter" section (example: "FWHM:8.0")

* Make a backup of the Sirilc project: “File/Save” menu
® (Close the Siril application which is no longer useful and which is taking up RAM memory for nothing
To restart the preprocessing process, you must:

1. Start step 1: construction of folders (the data will be erased beforehand)
2. Start step 2: build and run the Siril script
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@ Warning : the script may fail if there are not at least 2 images to preprocess in a session following the

chosen filtering ctriteria (the message is clearly indicated in the log) You will have to delete the session in this

case.

6.2.4 Verifications

At the end of pass 2 of the preprocessing process, several points must be checked in the Sirilic log:

At the end of the file, you can see the number of images that have been aligned by filter

Check the number of images retained with the chosen criteria by searching from the end of the file
upwards. Example : “Using the FWHM filter” => The number is located just below: "number of filtered-
in images: 34"

In the case of images taken with a different binning, it is necessary to ensure that the final preprocessed
images have the same file size and that their dimension in pixels is at the maximum of the camera's
capabilities (4656 x 3520 in my case, SIRIL chose the largest resolution during the last filter alignment
step and extrapolates the bin2x2 into bin1x1)

It may be that SIRIL has not chosen the preprocessed luminance image as a reference image for the
final alignment of the filters between them: it is then possible to do this manually at SIRIL by creating a
specific sequence with the preprocessed images of the filters and choosing the desired reference image
to proceed with the alignment (the same goes for the alignment of sessions corresponding to the same
filter)

Download the procedure in PDF format
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