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To design a comprehensive image processing algorithm often involves having a good 
understanding of both the data within the image, and the existing algorithms which 
could be used to process it. Sometimes this involves performing some form of 
evaluation of the algorithms to see how well each performs.

STEPS?
There is no exact methodology for performing an assessment.
1. Choose the kind of algorithm you want to assess, possibly narrowed to a specific 

type. For example, noise suppression might involve reducing noise of a Gaussian 
nature, or of an impulse nature. 

2. Choose a series of appropriate algorithms. These can be commonly used 
algorithms, or algorithms from the literature. 

3. Choose a series of images to test the algorithms on. This is a very important step, 
and the choice of appropriate images will help the assessment be successful.

4. Choose some form of experimental methodology for assessment - maybe 
quantitative in the form of metrics, or qualitative using some form of subjective 
criteria.

 STEP 1: What type of algorithm?
The most basic forms of image processing involve image enhancement, and are often a 
precursor to more complex image analysis operations. For example, let’s consider noise 
suppression, of the type which could suppress, or reduce “film grain” noise in old B&W 
images. This requires an understanding of the type of image to be processed. For 
example, consider this sample image (which is too large to show detail, so an 
enlargement is always appropriate).
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STEP 2: Choose a series of algorithms?
What sort of algorithms to use? In this section it is good to choose a reasonable amount 
of algorithms, 3-5. Don’t be tempted to choose too many algorithms, or algorithms that 
are way too similar. If out of the algorithms chosen, one stands out, then it is possible to 
explore possible enhancements to that particular algorithm, or extend it yourself. In the 
case of the example above, the idea is to “suppress” the film grain by homogenizing it. 
So ideally, one would choose algorithms that make noise regions uniform, whilst 
preserving edges. Here are some examples of algorithms that might be of interest:

• Gaussian smoothing filter
• median filter
• mean (averaging) filter
• Kuwahara edge preserving smoothing filter
• Nagao Matsuyama edge preserving smoothing filter

Note that there are a series of “median” type filters which could also be explored. 
• truncated median filter
• hybrid median filter
• weighted median filter

STEP 3: Choose test images
The choice of test images involves exploring images using a application such as 
ImageJ, to look closely at the structure of the images, and their histogram. Choose 
reasonable sized images - images too small will not show conclusive results, images too 
large will require modification of the test algorithm parameters. For example, if 
processing an image which is 2000 ⨉ 3000 pixels in size, applying a 3 ⨉ 3 filter will make 
little difference. The filter would have to be sized accordingly, something that might 
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happen through experimentation. Images which naturally contain an artifact are 
obviously the best from a realistic point of view, however it may be hard to determine 
the accuracy of the algorithm. Taking a good image and adding an artifact means that 
there is a ground truth with which to assess the processed image.

Choosing images can be done by enlarging image regions to determine whether they 
contain noise. It is especially useful in regions that *should* be uniform. Consider the 
image shown previously. Choosing areas considered to be uniform from both light and 
dark regions of the image can help determine if it is an appropriate image.

Histograms are also a good method of exploring an image. This can be garnered from 
the original image, but more often from the regional images. Below is the histogram 
associated with a region. Notice the bimodal histogram with a noisy contour. 

Sometimes, if a large image is chosen, small sub-images can be processed by the 
algorithms. Here are some more examples.
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STEP 4: Experimental methodology
Once you have you algorithms, and images, it is time to layout some experiments. The 
first step is to decide on whether the method of assessment will involve quantitative 
and/or qualitative assessment. Obviously visual assessment is the best way of 
determining whether or not an “enhancement” algorithm has worked, but it is 
subjective, truly “in the eye of the beholder”, and not quantitative in any way, shape or 
form. Quantitative metrics do exist, but they are not perfect either. For noise 
suppression, some metrics do exist, such as Rank’s Noise Estimation Index (NEI). If not 
perfect, they do allow for comparison of different algorithms. 

Experiments may involve selecting say 8-10 images (or portions of images), and 
applying the chosen algorithms to each image. The results can then be described in the 
following ways:

• From a visual perspective, comparison of the original with the processed image 
(sometimes illustrated with enlarged regions).

original Kuwahara filter 5⨉5

• Comparison of metrics such as NEI from the original and processed images.
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• Use of profiles across edges. For example:

original

processed using median filter

• Use of post-processing algorithms. For example, if the next step is to segment the 
image, apply an appropriate segmentation algorithm and review the results. 

TRICKS

In the case of noise suppression, watch out for detail being washed out.
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Example: Sharpening algorithms
Select large images with small details that could benefit from being sharpened. Watch 
out for enhancement of noise in sharpening algorithms. Assessment is similar to noise, 
with emphasis on edge profiles. Good metrics include those that measure blur. Here are 
some examples of image regions before and after applying “unsharp masking”.
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Example: Contrast enhancement algorithms
Select large images where the histogram is not uniform, or constrained. There are very 
few metrics for this, however histogram comparison works quite well. Here are some 
underexposed images, and their histograms.
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