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Handling faint and bright images 
 
Part A: Handling faint details in images 

 
Digital images are built up from many pixels. When many individual images are taken of the same scene, 
the data value for the same pixel can vary from image to image.  This variation is called ‘background 
noise’.  An important issue in capturing useful images is distinguishing faint features (‘signals’ or 
‘sources’) against background noise. In the first part of the activity, you will see how averaged data for 
each pixel in a picture is used to distinguish faint details from noise.  
 
When we combine images together, we can use data averaging to make faint things stand out more 
clearly. To see why this happens, let's imagine a picture that consists of a string of just 5 pixels (out of 
the 5 million pixels that might exist in a typical digital camera image!). Let's take a snapshot of exactly 
the same scene 9 times without moving the camera, and note the values of the intensity numbers in 
each pixel. Here's what you might get: 
 

Pixel  Pictures Average 
value for 

pixel 
1  2  3  4  5  6  7  8  9  

1  120  122  120  123  110  114  112  110  110   

2  125  115  110  130  115  110  113  110  109    

3  130  133  131  128  130  130  131  129  130    

4  122  125  123  120  110  105  115  120  110   

5  122  125  123  109  110  114  120  105  115    

 
Scientists try to discriminate between background 'noise' and 'source' whenever they look at an image. 
Background noise has the property that it averages to a relatively constant intensity that is nearly the 
same everywhere in the picture.  A source, however, tends to stand out in only a few pixels, and with an 
intensity brighter than the background.  
 
Questions 
1. Work out the average value for each pixel. 
2. From the five pixels in the table above, which pixels do you think have mostly ‘noise’ and which 

have mostly ‘source’? 
3. How easy would it have been if you only had pictures 1 and 4 to work with in trying to study the 

faint source in the field?  
4.  If you are trying to detect a faint source against a bright background, what is a good strategy to 

use? 
5. The two images below are from an infrared sky survey. The first image is a single image with an 

exposure of 7.8 seconds. The image underneath is an average of over 5000 images, each with an 
exposure of 7.8 seconds. Can you find 5 stars that are present in the ‘co-added image’, but not 
visible in the ‘single’ image?  
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Single exposure (7.8 seconds) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Average of 5000 images (each with an 
exposure of 7.8 seconds) 
 
Image credits:  
These two images are from the 2MASS infrared sky survey.  
The bottom image is an average of over 5000 images like the one at the top. 
Taken from a Spacemath project by Sten Odenwald. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Handling faint and bright images Sun|trek Solar Images and Data:  Student Activity 2  

 

Helen Mason and Miriam Chaplin, September 2012   

 
3 

 
 
 
 
Part B: Handling very bright images 
Distinguishing faint sources from background noise is a common problem for many scientists. Solar 
astronomers often face a different problem: the intensity of the light from a solar flare can be so great 
that detectors cannot record its true value. This is what happened during the November 4, 2003 solar 
flare, when the GOES satellite measured the intensity of the flare as its light increased to a maximum 
and then decreased. The problem was that the solar flare was so bright that the instrument could not 
record the most intense phase of the brightness evolution - what astronomers call the flare’s light curve.  
 
The plot below shows the light curve for two different X-ray energies, and you can see how its most 
intense phase near 19:50 UT has been clipped. This is a common problem with satellite detectors and is 
called 'saturation'. To work around this problem and to recover at least some information about the 
flare's peak intensity, scientists resorted to mathematically fitting the pieces of the light curve that they 
were able to measure, and interpolated the data using their mathematical model to estimate the peak 
intensity of the flare.  
 
 
Image credit: GOES data 

 
Questions 

 
6. Re-plot the data in the table for the red curve.  From the trend 

on either side of the saturated region, estimate the peak 
intensity.  

 
 
 
 

Universal time 
(UT) 

Intensity 
(W/m2) 

19:40 0.00010 

19:41 0.00060 

19:42 0.00180 

19:45 saturated 

19:50 saturated 

19: 55 0.00180 

20:00 0.00140 

20:05 0.00090 

20:10 0.00060 

20:15 0.00040 

20:20 0.00030 

20:25 0.00025 

20:30 0.00020 

20:35 0.00019 

20:40 0.00017 

20:45 0.00016 

20:50 0.00015 

20:55 0.00014 

21:00 0.00012 

21:05 0.00010 


