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Things to consider

Applying an algorithm of noise reduction
• Often a necessity
• Risk to discard valid data

• Use arsenal of techniques to increase SNR during acquisition

• Careful calibration of the data

• Get the most out of your integration (on statistical basis) 



Noise reduction in astrophotography

• Mathematically a complex task
• Noise generated by photons: Poisson distribution
• Noise generated by camera electronics: Gaussian distribution

• The objective of noise reduction, from a practical 
point of view:

• Efficient
• Up to a level that our personal perception sees as appropriate
• Preserving significant details

• Process is not trivial -> Trial and error
• Each image is different -> No universal formulas
• High dose of subjectivity -> personal tolerance to noise



Noise reduction tools in PixInsight

PixInsight has a number of specific tools for noise reduction work:
• ACDNR:  Adaptive contrast-driven noise reduction
• SCNR: Subtractive Chromatic Noise Reduction
• TGVDenoise: Total Generalized Variation Denoise
• GREYCstoration

Plus tools that are non-specific for noise reduction but that do have 
relevant noise reduction capabilities:
• ATrousWaveletTransform
• MultiscaleMedianTransform
• MultiscaleLinearTransform
• LRGBCombination

And some scripts: ExtractWaveletLayers & MureDenoise



Noise reduction tools in PixInsight

Process Luminance Chrominance Algorithm
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Good Practice

• Analyze the image

• As small as possible

• As soon as possible

• Combination of tools

• Always use a suitable mask

• Reduce Chrominance noise before increasing color saturation

• Adjust contrast after a noise reduction process 
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Analyze the image

• Does the image have a good SNR?

• Is the image RGB or LRGB?

• How is the noise distributed by scales?

Let us look at an example of NGC 1333 to answer the last question



Analyze the image

The analysis of the image breaking it down into different wavelet layers allows 
us to visualize the different level of noise present in each layer 



Analyze the image

This analysis can also help us to obtain a starting point to determine the noise 
reduction parameters to be applied to the image at each scale: see for example NR 
applied to 1st scale 
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As small as possible

• Applied noise reduction should be as small and 
subtle as possible

• The goal is not to eliminate or suppress the 
noise, the goal is to reduce noise

• Excessive noise reduction will produce an image 
that will look washed or plastic
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As soon as possible

• Several tools in PixInsight allow to perform the 
noise reduction process on the linear image.

• Noise reduction with the image in that state, 
when it is suitable to be applied, presents 
considerable advantages.
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As soon as possible

• Aspects to be taken into account
• More effective on images with good SNR
• Very effective in RGB images
• Masking is critical

• Tools used
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As soon as possible

• Linear image, after background 
neutralization and color calibration

• RGB composition

• Reasonable SNR (6h total - 16” f/3.75)



As soon as possible

Preview of the most interesting zone of the image. 
Wavelet analysis confirms that most of the noise is located in layers 1, 2 and 3
We are going to use ATrousWavelets tool to reduce it.



As soon as possible

1. Definition of a uniform RGBWorkingSpace

2. Luminance extraction

3. Application of STF with its default parameters



As soon as possible

4. Apply HistogramTransformation, 
loaded with STF parameters

5. Invert image



As soon as possible

Protected with the mask and from what is seen in the 
analysis of wavelet layers, we check different  
Threshold  and Iteration values of the first three layers 
until we obtain the following values



As soon as possible

Before                                                                          After



As soon as possible

Before (3x)                                                                  After (3x)



As soon as possible

Conclusion

The process of noise reduction applied to the linear 
state image allows us to obtain:

• For a given level of stretch, an image with less 
noise

• For a given level of noise, the possibility to 
stretch the image more



Good Practice

• Analyze the image

• As small as possible

• As soon as possible

• Combination of tools

• Always use a suitable mask

• Reduce Chrominance noise before increasing color saturation

• Adjust contrast after a noise reduction process 



Combination of tools

1. Work using the multiscale approach: apply noise reduction 
depending on the noise present in each scale
• The preferred tools here are ATWavelets and 

MultiscaleMedianTransform
• ACDNR can also be applied under this concept. In this case the division 

between scales is obtained basically by varying the StdDev parameter

2. Work separately chrominance noise and luminance noise
• All the mentioned tools allow independent application to luminance 

and chrominance
• LRGBCombination also has a specific mechanism  for chrominance 

noise reduction

3. Work separately on different zones of the image 
• Within each scale, areas with different SNR require different actions

4. Use the right tool for each specific problem



Example 1 – Combination of tools

Color calibration

Non linear 
transformation

Dynamic range 
compression

Contrast 
adjustment

Color saturation 
increase

Small scale noise 
reduction in luminance 

and chrominance

A Trous Wavelets
MultiscaleMedianTransform

Small and large scale 
noise reduction in Lum. 

and chrominance

ACDNR or TGVDenoise
ATWavelets or MMTransform

SCNR

Chrominance noise 
reduction

ACDNR or TGVDenoise

RGB Image                                          Objective                                     Tools



Example 1 – Combination of tools
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1st Noise reduction on linear 

image with luminance mask. 

Already seen in the previous 

example

2nd Chrominance noise 

reduction on nonlinear image 

(without mask). Default 

parameters

3rd ACDNR noise reduction 

only in chrominance. 

Adjusted parameters applied 

with a smoothed  mask



Example 2 – Combination of tools

LRGB Image                                          Objective                                     Tools

Color calibrated 
RGB

Non linear 
transformation

Dynamic range 
compression

Contrast 
adjustment

Small scale noise 
reduction  

A Trous Wavelets
MultiscaleMedianTransform

Small and large scale 
noise reduction in 

luminance

ACDNR or TGVDenoise
ATWavelets and MMTransform

Chrominance noise 
reduction

SCNR

LRGB image 
creation

LRGB Combination

Luminance

Non linear 
transformation

Dynamic range 
compression

Chrominance noise 
reduction



Example 2 – Combination of tools

31

3rd Noise reduction, only in 

chrominance, in LRGB 

combination process, while 

performing a first increase in 

color saturation
2nd TGVDenoise noise 

reduction only in Luminance. 

Adjusted parameters applied 

with a smoothed  mask



Good Practice

• Analyze the image
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Always use a suitable mask

Ideas on using masks for noise reduction

1. Use different masks for Luminance and Chrominance
• ACDNR has a great utility for generating masks, however, 

only allows to use one at a time. A separate mask for 
chrominance can be very useful for example to better 
protect the color of the stars

2. Use different masks for different areas of the image with very 
different SNR 
• For example at the periphery of galaxies 

3. If you have an image with low SNR and you cannot get more 
signal (which is the only real solution) you can use a mask 
forcing it to a minimum value with PixelMath



Always use a suitable mask

Tools for generating masks for noise reduction

• Extracting Luminance + Histogram adjustment + 
Invert (already seen)

• Using the utility on ACDNR
• Using the RangeSelection tool



Always use a suitable mask

ACDNR has a very practical utility to generate luminance masks

Its interface is very 
intuitive: by adjusting 
highlights, shadows and 
midtones, it is very easy 
to configure the mask 
you want. Also has the 
possibility of 
eliminating at the same 
time one or more  
wavelet layers, which 
produces a smoothing 
effect on the mask.

If, in the position of the figure ("Preview" checked), the process is applied to a duplicate of our 
image, ACDNR generates the mask that we have designed as a separated image



Always use a suitable mask
In images like this one of 
M74 it can be difficult to 
achieve the protection level 
we need with only one mask.
In the preview on the right, 
you can see three very 
distinct areas: the nucleus of 
the galaxy, with strong signal 
and minimal noise, the sky 
background that is highly 
dominated by noise and the 
intermediate or transition 
zone.

In a situation like this it may 
be convenient to work with 
three masks, one for each of 
the three zones



Always use a suitable mask

Here we have the three masks: the left 
one for the core of galaxies, the one in 
the middle for the transition zones, and 
right one for sky background

These masks were easily and quickly 
generated with the  RangeSelection tool



Good Practice

• Analyze the image

• As small as possible
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• Combination of tools

• Always use a suitable mask

• Reduce Chrominance noise before increasing color saturation

• Adjust contrast after a noise reduction process 



Reduce Chrominance noise before increasing color saturation

Any color saturation increase must be applied only after noise reduction in the chrominance. 
After noise reduction,  you will be able to raise color saturation for much fainter objects.

Color Saturation + Noise Reduction                      Noise Reduction + Color Saturation               
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Adjust contrast after a noise reduction process 

When applying a noise reduction, the 
function of the filter tends to group the 
pixel values ​​along the dynamic range of the 
histogram, resulting in empty segments at 
the shadow’s edge.
The redistribution of values ​​throughout  
the available range allows us to increase 
the contrast of the image without losing a 
pixel



Thank you for your attention!

Linz, March 16th 2019 


