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Post processing digital astronomical 
images 

 
 
Post processing is very important step in astronomical image processing. Astronomical 
images are processed  to eliminate as much as possible the unwanted effects produced by a 
CCD camera and light polution. 
 

Light frames 
 

 
A raw light frame (exaggerated brightness) of M31 

 
Light frames are the frames taken with the camera. These are the actual exposures of the 
target object: galaxies, nebula, planet etc. 
 
We see that the result is not very good. Besides the wrong color, the sky background is not 
even, the corners of the image are darker. If we zoom the picture we will see that there is a 
noise. In order to improve the photo we will need some additional frames called dark, bias 
and flat frames. 
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Bias (offset) frames 
 

 
A raw offset frame (extremely brightened to show detail) 

 
A bias frame is a instantaneous readout of the chip, before it has been exposed to any light. 
This is essentially a zero second exposure. It highlights bad pixels, hot or bad columns (where 
the pixels are no longer functioning, or there is a 'blockage' in reading the chip) and intrinsic 
bias voltage. 
 
Theoretically bias frame can be taken at any time and place. Set the exposure length (shutter 
speed) of the camera to the minimum value (e.g. 1/4000 sec) and use the same ISO setting as 
of the light frame. 
 

Dark frames 
 

 
A raw dark frame (brightened to show detail) 
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A dark frame is precisely what the name suggests - an exposure taken without the CCD chip 
receiving any light. This method can be used to find the dark current in a chip, or 'hot' pixels. 
 
They are used to correct for the thermal and electro- luminescent noise that can build up 
during long exposures. Like bias frames, they should be acquired using the same ISO setting, 
and with a cap on the camera or lens to block out all light. Dark frames must be taken at the 
same ambient temperature as the lights are taken (which usually means during the imaging 
session, right before or right after the lights). In addition, they should be taken using the same 
exposure duration (3 minute exposures in this case). 
 

Flat frames 
 

 
A raw flat frame (darkened to show detail) 

 
Each pixel in the camera has a slightly different sensitivity to light. These sensitivity 
differences add another noise component to the image (known as flat-fielding error) unless 
steps are taken to compensate. While flat-fielding correction is important for achieving good 
quality images, it is absolutely essential for accurate photometric measurements. 
 
There are several common sources of flat-fielding variations. Typical sensors have pixel-to-
pixel variations on the order of 1%. Vignetting in the optical system can reduce the light flux 
at the corners of the sensor. Dust on optical surfaces near the sensor can cast shadows. 
 
The basic concept is to point the system to a uniformly illuminated light source and take an 
exposure. The resultant exposure will capture all of the imperfections in the system - 
vignetting, dust on the optical surfaces, off-axis optics and other disturbances. Various 
illuminated screens are normally used for a target. Or, the twilight sky itself can be used! 
 
The flat-field frames themselves must be calibrated to remove bias, and for longer exposures 
dark correction must also be performed. It is essential that both the flat-field frames and light 
frames are properly bias corrected; otherwise the flat-field operation will not work correctly 
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Frame Combining and Calibration 
 
Ok, now that we have a light, a bias, a dark, and a flat frames, we are ready to start the 
calibration process. You can see the final result of M31. 
 

 
Final calibrated image of M31 

 
Using only one light, dark, bias and flat frame will not result in great improvement if the final 
image. For best result it is recommended to combine multiple light frames, multiple dark 
frames, multiple bias frames and multiple flat frames. 
 
Combining light frames without dark and bias subtraction or flat division 
 
The goal of combing many images into one is only to increase the SNR. The resulting images 
are neither more luminous or more colorful but they contain much less noise which will let 
you stretch the histogram a lot more which will give you more freedom to bring back colors 
and details. The signal to noise ratio is increasing with the square root of the number of 
combined frames regardless of the exposure time of each frame. The next example shows you 
the effect of combining 1, 2, 4, 16 and 32 photos.  
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          Single photo                                                                        32 combined photos 

 
There are different methods for combining images such as: average, median, kappa-sigma 
clipping, auto-adaptive weighted average, entropy weighted etc. 
 
Calibration of light frames with dark, flat and bia s frames 
 
The calibration is the process consisting in subtracting the bias and dark signals and dividing 
by the flat signal. 
 

 
32 light frames (no calibration) 
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32 light frames (2 darks, 2 flats and 2 biases calibration) 

 

 
32 light frames (20 darks, 20 flats and 20 biases calibration) 

 
As you can see increasing the number of dark, flat and bias frames is enhancing the resulting 
image making details more visible. 
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This is the reason why you should use as many dark/bias/flat frames as possible. On the 
practical side, 20 frames is a minimum if you want to not add too much noise, and 50 to 100 
will give you really nice and (almost) noise free masters.. 
 

RGB combining 
 

 
 
The RGB color model is an additive model in which red, green, and blue are combined in 
various ways to reproduce other colors. The name of the model and the abbreviation ‘RGB’ 
come from the three primary colors, red, green, and blue. 
 
A color in the RGB color model can be described by indicating how much of each of the red, 
green and blue color is included. Each can vary between the minimum (no color) and 
maximum (full intensity). If all the colors are at minimum the result is black. If all the colors 
at maximum, the result is white. 
 
Over the photodiodes on the sensors of the digital cameras are placed repeating number of 
small RGB filters, so we have all the needed data to produce a color image. 
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But if we are using an astronomical ccd camera we should take the same picture through three 
color filters (red, green, and blue), and then combine them into a full tri-color image. 
 

Software 
 

1. Freeware 
a. IRIS - http://www.astrosurf.com/buil/us/iris/iris.htm 
b. DeepSkyStacker - http://deepskystacker.free.fr/english/index.html 

2. Shareware 
a. MaxIm DL - http://www.cyanogen.com/products/maxim_main.htm 
b. ImagesPlus - http://www.mlunsold.com/ 

 


