Can a Convolutional Neural Network implement histogram
equalization in image analysis?
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Motivation

Experiment 1

The Convolutional Neural Network (CNN) as a
typical deep learning technique has been widely
used in many image processing applications and
achieved remarkable success. The benefit of preprocessing
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➢ Validate on 50 IR breast images (including different
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This study aims to examine this hypothesis.
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We used two open-source image databases

convolutional operations in CNN are localized,

inherently be unable to perform HE on images.
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Test 2
➢ Train on 10 IR breast images (same patient),
barbara and goldhill (more categories).
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We built a CNN having several layers and its input

HE(x)

➢ Validate on 50 IR breast images (including different
patients), and lenna.

and output are same size images.
➢ Input: image x
➢ Output: supervised by HE(x)
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Results of Experiment 1
For Test 1, when x is from the same patient in
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Evaluation Method
Since HE is a operation on histogram, we evaluate
the differences between two histograms (Hists)
via the Wasserstein distance (W-dist).

W1 ( p, q ) = inf

  ( p , q

 ( x, y ) d ( x, y ) dxdy =  P − Q

)

➢ For two 1-D distributions and 𝒅(𝒙,𝒚)=|𝒙−𝒚|
➢ P, Q are the respective CDFs of histogram p and q

training set, CNN(x) looks very close to HE(x). To
x is from different patients, CNN(x) looks similar
to HE(x). If x is not IR image, CNN(x) looks very
different to HE(x). But for Test 2, when x is not IR
image, CNN(x) looks similar to HE(x). These
results are also reflected on W-dist values
(smaller is better).
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transformation easier.
⚫ Such results imply that image pre-processing
such as HE might be needed to apply in CNN
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Conclusions

of two images in experiment 1, we evaluate

(the gray area).
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