Processing of comet images: worked
example

By Emmanuele Sordini, v 1.0 12 January 2026

Introduction

This document is a worked example of the article available at this link on my website, where it

can be downloaded separately.

The underlying idea for “freezing” the comet in the background stars relies on the following

principles:

e Remove the stars from the calibrated star-aligned frames, register them on the comet
and process them to produce a stretched (L)RGB or OSC' image containing only the
comet and no stars;

e Stack the star-aligned frames for the three R, G, B channels (or OSC), merge them,
stretch them and remove the trailed comet leftover to yield a final star-only image;

e As alast step, blend together the images from the two previous steps, thus yielding the
final image where both the comet and the background stars are not trailed.

The reader is assumed to already be familiar enough with PixInsight, so a lot of practical details
are omitted. The starting point is a set of (L), R, G, B or OSC frames guided on the stars with an
exposure time short enough not to show any noticeable trailing on the comet.

The example in this document uses a set of frames of comet C/2025 A6 (Lemmon) acquired in
late October 2025 from Aosta Valley (ltaly) through a 10-inch RC reduced down to 1400 mm, a
Touptek 2600M CMOS camera and an Optolong filter set. Due to the optical train’s limitations
and the comet’s low altitude, the frames suffer from defects such as gradients and background

unevenness which, however, can be tamed quite effectively.

The procedure is simplified for OSC cameras, as all the steps required for the individual channels

can be omitted.

1 0SC = One-Shot Color, i.e. cameras with color sensors, including DSLR and mirrorless cameras.
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Detailed steps

1. Firstly, let’s take the (still linear) frames and register them (all channels together) with
StarAlignment. This step is generally automated in WBPP?2,

2. Optionally, we can turn up the contrast of the frames with BlurXterminator (default
settings) and a ProcessContainer:

RC-Astro BlurXTerminator

BlurXTerminator version 2.0.4. Al version 4.

Stellar Adjustments
|View id | File Path Sharpen Stars: e ——1

[) 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis AdjustStar Halos:
[T 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis.

[ 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A61._elab2/regis
[ 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/._elab2/regis|
[ 1/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis
[ 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis
[7) 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis,
[ 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis|

I:/_COMETE AUTUNNO 2025/2025_10_ C “ff”ﬂ7'ilﬁl_elabllregis: ORHGCs

—_— T,‘ - P [] Correct Only [] Correct First ["] Nonstellar then Stellar
FAVYvEXxXEE PEE %5 HE0 %" - tmineneeonly

File item 81/81: I:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete L) 0D 3 X
Size : 99.106 MiB v ProcessContainer
Created : 2025-12-29 07:58:20
Modified : 2025-12-29 07:58:22 [# [process [mask [mme | Br P = new BlurXTerminator;
o ai_file = "BlurXTerminator.4.pb";
1 < V. 0 @ <Root> correct_only = false;
— C Options X L -Bklrx'ﬁrminm correct_first = false;
" nonstellar_then_stellar = false;
Base directory: [l 1x lum_only = false;
Output directory: [UNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/starless | il sharpen_stars = 0.60;
adjust_halos = 0.00;
Output | &l _&dateti i | 2 nonstellar_psf_diameter = 0.00;
: auto_nonstellar_psf = true;
Input hints: | ] sharpen_nonstellar = 0.80;

Output hints: I ]

On errors: | Continue execution | v |

[v] Never overwrite output files [v]| Override view masks ‘v Continue after abort
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ImageContainer

Nonstellar Adjustments
Iv! Automatic PSF
PSF Diameter (pixels): —

Sharpen 0.80 o

- AR RS ERY

% [ Comycos

oD X

3. Subsequently, we strip all frames (all channels) with StarXterminator and
ProcessContainer. The “Generate Star Image” tickbox is deselected?3.

2 Weighted Batch Pre-Processing
3 |n this step we just need to remove the stars, as a star-only image will be produced at a later stage in this
procedure.



ImageContainer

View Id | File Path
v [ 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis
+ [) 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis
v [ 1/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis
+ [ 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis

RC-Astro StarXTerminator

StarXTerminator version 2.3.11. Al version 11.

"] Generate Star Image /] Unscreen Stars

+ [} 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis, [] Large Overlap
v [ 1:/_COMETE AUTUNNO 2025/2025_10_28. Comete/C2025A6/_elab2/reg

+ [ 1/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regis,._|
+ [7] 1:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/regi |

e -

== — : ar P = new StarXTerminator;
T2V ¥ v x ® | D] o D0 w3 ai_file = "StarXTerminator.11.pb";
File item 81/81: I:/_COMETE AUTUNNO 2025/2025_10_28-PromiodRemoto-Cometd ; g orars s e
: ’ ‘ = true;
Size : 99.106 MiB overlap = 0.20;
Created : 2025-12-29 07:58:20 o
Modified : 2025-12-20 07:58:22

Base directory: | [l Ix @
Output directory: [UNNO 2025/2025_10_28-PromiodRemoto-Comete/C2025A6/_elab2/starless ] -

Output { _Sdateti i J&2.
Input hints: | |
Output hints: | |
on erors: [ Continue exccution v
V1 Never overwrite output files V] Override view masks (V] Continue after abort

FAV Y v XNR

Comet-only processing

4. Align all starless frames via CometAlignment, pinning the comet’s position for the start

and end frames and picking a frame about halfway into the sequence as the alignment
reference®.

4 The example contains 81 frames and we chose #40 as the alignment reference.
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[ C202546_2025-10-28_LIGHT_2075-1
[) c202586 _2025-10-28_L1GHT_2025-1

[ 202586 2025-10-38_1cT_2025-1
[) 202586 2025-10-28 uicwr_
B v | [ Ca0aske 20251028 UGHT.
40 v [ caoass 20251028 cHT 20251
@, [ Caoasns 20251028 uiGHT.
@ o[ caomss 20109 uicHT a0 )
o [ Ca02586 20251028 UIGHT 2025-1
“ v [ Ca02546_2025-10-28_L1GHT_2025-10-| ) Pl pathe
45 o [ caousas 20251028 LicHT_2025.10-
“v 0 m:sa‘_nzs-xm!_u@d_:csaw%{

ki
0l | cavesas 025108 L 205108

ot

moto-Comete/ C202548/_iab2/Ch | &

=
e [s2es5e ] [_show prst tmage
x4 [eresas Jve[sras || shewisstimese
x [@sa v [62387 || Resetrostons |

¥ Comoue por fes

5. If a camera mono was used, we stack the frames separately for each channel with
Imagelntegration. Settings: Winsorized Sigma Clipping, Sigma High = 2, Sigma Low =
1.5°. This yields three (or four) individually stacked frames:

5 The reason for these values (way lower than the default) is to perform a very selective pixel rejection to clean the
background from any traces of stars as much as possible. Winsorized Sigma Clipping is ideal for stacking at least 10
to 15 frames. With fewer frames, you may want to try other algorithms such as Percentile Clipping, making sure
that rejection parameters are about half the default or lower for increased selectivity.
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gelntegration =

X

Input Images ES
1 v  C2025A6_2025-10-28 LIGHT_2025-10-28_1 Add Files
2/  C2025A6_2025-10-28_LIGHT_2025-10-28_1 =
3 v C2025A6_2025-10-28_LIGHT_2025-10-28_1
4 C2025A6_2025-10-28_LIGHT_2025-10-28_1) Cleanltonati=s
5 «  C2025A6_2025-10-28 LIGHT_2025-10-28_1 Add Drizzle Files
6 /  C2025A6_2025-10-28_LIGHT_2025-10-28_1 P
7«  C2025A6_2025-10-28_LIGHT_2025-10-28_1 e |
8 « C2025A6_ _LIGHT 1 S Relerenes
9 v  C2025A6_2025-10-28 LIGHT_2025-10-28_1
10 C2025A6_2025-10-28_LIGHT_2025-10-26_1 Invert Selection
11+ C2025A6_2025-10-28_LIGHT_2025-10-28_1
Toggle Selected
12 C2025A6_2025-10-28_LIGHT_2025-10-26_1
13|+ | C2025A6_2025-10-28_LIGHT_2025-10-26_1 Remove Selected
14 o  C2025A6_2025-10-28 LIGHT_2025-10-28 1
15| v | C2025A6_2025-10-28 LIGHT_2025-10-28 12| [ ciovic data targets
A ¥ [ Full paths
Format Hints ¥
Image Integration ¥
Pixel Rejection (1) ES
Rejection algorithm: | Winsorized Sigma Clipping I=]
Normalization: | Scale + zero offset |
Generate rejection maps
Clip low pixels
Clip high pixels
clip low range
[] clip high range
Report range rejection
Map range rejection
Pixel Rejection (2) 2

Min/Max low;

Min/Max high:

Percentile low: | 0.200
Percentile high: | 0.100
Sl ——
Sigma high —_—
Winsorization cutoff: | 5.000
Linear fit low: | 5.000
Linear fit high: | 4.000
ESD outliers: | 0.30
ESD 0.05
RCR limit: | 0.10
s G
Range high: | 0.2280000

Large-Scale Pixel Rejection ¥
signal and Noise Evaluation ¥

[ Region of Interest ¥

L ® oo\ x

Gray 125 comet_W | <*new*>

ay 15 comot_B | <*now®>

Gray 1:5 comet_G | <*now?. Gray 1:5 comet 1 | <*new*>




6. Let’s take the three comet-only R, G and B channels and put them together with
ChannelCombination. The result will most likely not have a neutral background that is
hard to balance correctly as no stars are available. This issue can be solved by using
BackgroundNeutralization or DBE, which will most often remove the gradients and
neutralize the background:

ScreenTransferFunction: Image13

Gray 1:5 comet_L | <*new... ChannelCombination

S R e s [ et Color Space Channels / Source Images

. = R [comet R
@ ree O CIEXYZ

Gray 1:5 comet_G | <*new... . . G [comet G
() Hsv (U CIE L*a*b* =

B [comet_B

Gray 1:5 comet_B | <*new... O Hst O CIE L*c*h*

Inherit astrometric solution

AL H O

RGB 1:5 Imagel3 | <*new*>

7. Depending on the background sky, one or more DBE iterations might be needed. In doing
so, one should make sure to place the gradient samples around (and not on) the comet.
The result will generally be quite pleasing (the image is still linear at this stage):



. - DynamicBackgroundExtraction

RGB 1:5 Image13_DBE | <*new*>
Selected Sample: 145 of 243
Sample #: | 145 MKMW X
Anchor x:[3730 | Symmetries —————

we[osz |
wo: o504 |
w: (0900 |
Model Parameters (1)
Tolerance: | 2.000
Shadows relaxation: | 3.000 |
Smoathing factor: [ 0.250__| ] Unweighted
Model Parameters (2)
Sample Generation
Defauk sample radius: | 19
Samples per row: | 20

Minimum sample weight: | 0.750

— |
Bad sample color: I
#odel Image
Target Image Correction
Correcti Subtraction
[] Normalize
[ Discard background model
Replace target image
1dentifier: | <Auto>
sample format: | Same as target v

[ oD X

ScreenTransferFunction: Imagel13_DBE_DBE

0 |

RGB 1:5 Imagel13_DBE_DBE | <*new*>

w
@
9
w
@
)
0
v
o
B
£




8. Now a non-linear stretching is performed on the image by using HistogramTranformation
(HT): the stretching amount is discussed in more detail in step 10.

je13_DBE_DBE

RGB 1:5 Tmage13_DRE_DBE | <*new®>

L B rGex | E3A
shadows: o.o0sesss ||
Hignhobesi_ 100000000 |
Mictones: 010152655 | €@

A B O

RGH 1:5 Imnge13_DBE_DBE | <*new*>

i
5

©, %0.0000

9. Ifthe L channel was also acquired, it is processed similarly to the RGB image by applying
DBE first, and then performing a non-linear stretching with HT:



Gray 1:4 comet_L | <*new*>

Selected Sample: 83 of 235
saviasi[ss WM WS X &
Anchor X: | 1874 Symmetries
sevorv[o72J|LIHCIVC] D
Radius: | 19 1|00 meai: [E 2]
e DR
: [ 0.000000 | i

5: [ 0.000000 |
[ Foxed

JEDC]

wnlosm ]
wai[oo0 ]|
we:[o000 | |
Model Parameters (1) 2
Tolerarent 2000 |
Shadows relaxation: | 3.000
Sroathingfacors[0:50 ][] Unweiahd
Model Parameters (2) ¥
Sample Generation £
Ot camle rodiue: 15| e il_] @

Generate

Samples per

[0750

Minimum sample weight:

Sample color:
Selected sample color; [N
Bad sample color:

Model image =
Target Image Correction *
Correction: | Sublraction

tdentifier:

sample format:

AV X

B ¢ EEeEE @ER

e [

jian & X
Uue

Le
[ Asto Cli Semp | ¥
OB v X

Unfortunately, residuals of trailed stars in the comet’s tail are almost impossible to get
rid of.

10. The stretching with HistogramTransformation has to be such that the background
(median) values for the L channel and the three channels in the RGB image are
comparable. This can be checked with the Statistics tools (in the figures below, values
ranging from 0.066 to 0.71). Additionally, the comet must not be saturated.



* || Lines |¥

11. After de-linearization, the two L and RGB images can be blended together to produce
the comet-only LRGB image. Before that, it is recommended to clean them from any
residues of trailed stars through NoiseXterminator + CloneStamp. As can be seen in the L

and RGB images below, this operation has the advantage of “flattening” and cleaning the
background®.

® The images processed with NoiseXterminator will have a much more compact and narrow histogram profile,
thanks to the lower noise.
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HistogramTranstormation

RGD 1:5 Image13_DBE_DBE | <*newr*>

©, %0.0000

€, %0.c0%0.

HistogramTransformation

RGB 1:5 Image13_DBE_DBE | <*new*>

A WO

Gray 120 comel_L_DBL_DDL | <*mewt>

[ —




12. The two L and RGB images can now be blended together with LRGBCombination,
thereby yielding the final comet-only image:

Processing the stars separately

13. Let’s go back to the star-aligned frames (OSC or R, G and B only as L is not needed for the
stars) and stack them with Imagelntegration to get one single OSC frame or three R, G e
B star-aligned images, in which the comet will be inevitably trailed. As in step 5, a
selective pixel rejection is also needed in this case.
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14. Let’s merge the three RGB channels with the stars and the trailed comet via
ChannelCombination. This will most likely produce a linear RGB image plagued by color
imbalance and gradients: if deemed necessary, it can be cleaned with DBE.

RGB 1:5 stars | <*new*>
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15. Let’s now plate solve the image with the ImageSolver script:

RGB 1:5 stars | <*new*> - 4+ X [ RGB 1:5Imagel13_DBE | <*new.. = 0O + X

&

ImageSolver v6.3.1 — A script for the calculation of astrometric solutions.
Copyright © 2012-2024 Andrés del Pozo | © 2019-2024 Juan Conejero (PTeam)

Target Image 2

*) Active window
List of files

Image Parameters 2

Right Ascension: | 15

Declination: | 10

Date and time: | 2025 3|¥
/I Topocentric

Longitude: | 7 S ED

Latitude: | 45
Height: | 1500 m

®) Focal distance: | 1415.000 | MM
Image scale:

Resolution: 5 “Ipx

Pixel size: | 3.76 1
Model Parameters 2

Reference system: | ICRS v
*) Automatic catalog
Local XPSD server:

Local star catalog:

Online star catalog:

Limit . < =

Advanced Parameters ¥

| Distortion Correction 3

O vok || @cancel

16. This RGB image also contains the stars, so it can be correctly balanced via
SpectroPhotometricColorCalibration (SPCC):

RGB 15 stars | <*new*>

SpectrophotometricColorCalibration

calibration
Wihite reference: | Average Spiral Galaxy _v|
Qe curve: | 1deal GE curve v
Redfiter: [OptoiongR_____|v]
Green filter: | Optolong G v
B e —
[ Narrowband filters mode
[ Generate graphs
[ Generate star maps
[ Generate text files
Output directory: [ <<yt
[V Apply color calibration
catalog Search 2
Catalog: [ Gaia DR¥/SP_ ¥
v Automatic fimit magnitude
Limit magnitude: | 12.0 |
signal Evaluation
[ Background Neutralization
Lower fimit:  -2.60
Upper fimit: [ +2.00 |

—Wi Region of Interest

&

g | =
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17. Here is the (still linear!) image with the RGB stars after gradient removal with DBE and
proper calibration with SPCC:

RGB 1:5 Image46 | <*new*>

18. We can now de-linearize the star image. | normally use a combination of MaskedStretch
(which preserves star colors quite well) and HistogramTransformation, but this is just
one of the possible alternatives.
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MaskedStretch

Target background:
Iterations:
Clipping fraction: <«
Color mask type:
Background reference: 1 stars->Preview01
Lower limit: [ 0.00000000 | (>
Upper limit: \:I X
[ Region of Interest
A H

RGB 1:5 stars | <*new*>

Preview01

19. It is advised to process the (now non-linear) image with NoiseXterminator, as this makes

it easier to remove any comet residuals and create a star mask:
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RGB 1:5 stars | <*new*>

20. The resulting image is used to create a mask with StarMask. The mask may still contain
traces of the comet (see figure below) which can be easily CloneStamp’ed (see following
figure).
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a

Gray 1:5 star_mask | <*new*>

&
]
o
E
4
8
w

Gray 1:4 star_mask | <*new*>

star_mask




21. Now, let’s apply the star mask to the image from step 18 and boost star saturation with

CurvesTransformation by tweaking only the “S” (Saturation) curve:

22. The star-only image can finally be processed with StarXterminator to separate the stars
from the comet trace. Make sure the process is used with default settings and the
“Generate Star Image” and “Unscreen Stars” boxes are both ticked.

Putting it all together

23. The two previous sections should have produced a comet-only (L)RGB image and a star-
only RGB image:
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24. The final merging is done in PixelMath. Assuming the comet-only image is called
“comet” and the stars-only image is called “stars”, let’s type the following expression in
the RGB/K textfield: ~(~comet*~stars)

25. Here’s the image after the final touches (for example, cropping with DynamicCrop):
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RGB 1:3 final | <*new*>

Disclaimer

This Document is provided “as is”, without warranty of any kind, and the User accepts to use it
at their sole own risk. The Author does not guarantee the Document to be free of mistakes,
omissions, inaccuracies or to meet any of the User’s requirements.

No warranty of any kind is provided, either express or implied, including but not limited to the
warranties of merchantability, fitness for a particular purpose and non-infringement of third-
party rights.

In no event shall the Author, be liable for any direct, indirect, incidental, special, exemplary, or
consequential damages (including, but not limited to, procurement of substitute goods or
services; loss of use, data, or profits; or business interruption) however caused and on any
theory of liability, whether in contract, strict liability, or tort (including negligence or otherwise)
arising in any way out of the use of this software, even if advised of the possibility of such
damage.
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All material, text and images, contained in this Document is protected by copyright and
intellectual property rights. The User agrees not to change, copy, reproduce, republish, upload,
transmit or distribute its content without the Author’s prior explicit consent.
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