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The project is concerned with a method to enhance the contrast in gray-scale images, 
called adaptive histogram equalization [1]. An example from [2] is shown here, before 
and after contrast enhancement, which, in this case, much better reveals the structure 
that is depicted.  

 

The basic algorithm is described by the following pseudo-code: 

Input: A grey-scale (with G shades) image X ∈ {0, ..., G - 1} N × M 
Output: A grey-scale image Y ∈ {0, ..., G - 1} N × M 

For i ∈ {0, ..., N - 1}: 
       For j ∈ {0, ..., M - 1}: 
              Compute the histogram H ∈ ℕG of the B × B block around Xi, j 

              Choose Yi, j proportional to the rank of Xi, j
 in H. Mathematically:  
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The corresponding complexity is 𝚹(N M max(B2, G)). The brightness of an output pixel is 
chosen proportional to the rank of the corresponding input pixel relative to its 
neighbourhood. Thus, special treatment is required for pixels close to the border. There 
are two options you can choose from: a) reflect the image along the border when 
computing the histogram or b) replace B2 by the actual number of pixels in the 
histogram. 

A sliding window approach can be used to reduce the complexity. One idea is to update 
the histogram by adding/removing individual columns [3] resulting in a complexity of 
𝚹(N M max(B, G)). Another sliding window approach with complexity 𝚹(N M G) can be 



found in [4]. There, a well-written introduction to AHE (Adaptive Histogram Equalization) 
is provided as well that also introduces all the relevant terms.  

This project is about implementing AHE using a sliding window approach. It is neither 
about CLAHE (contrast-limited AHE) nor AHE using an interpolation approach (which 
would only provide approximate results). A reference implementation can be found in 
[5] (keep the previous sentence in mind when looking for additional reference 
implementations). 

In this project, your goal is to implement a fast Adaptive Histogram Equalization using a 
sliding window approach. To this end: 

1) Implement a basic version in C and verify its correctness by using examples 
and comparing to other implementations. Your implementation should have 
time complexity 𝚹(N M max(B, G)). 

2) Write a high-performance version in C using the techniques taught in the 
lecture. You are allowed to change the representation of data and rearrange 
computation. 

3) Design a code-genarator that generates high-performance code for a given N, 
M, B and G (but without additional assumptions about the brightness). You 
are allowed to choose different algorithmic approaches for different 
parameter choices and are free to come up with your own sliding window 
approaches! If you employ heuristics, they must be evaluated on average-
case and worst-case input. You should focus on worst-case performance. 

4) Evaluate the performance of your basic, optimized and generated 
implementations against available baselines (at the bare minimum [5]) and 
write a report on your progress and design choices (see website for details). 
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