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Introduction

Information sources in many real-world applications, such as textual data,
are often discrete, where words are selected from a limited vocabulary. Un-
like continuous information measures, discrete measures can be directly com-
puted from observed symbol frequencies without knowing the underlying dis-
tribution. These measures are valuable in theoretical and practical domains,
including machine learning, which aids in feature selection and classifica-
tion, and image processing, which supports tasks like quality enhancement
and edge detection. For example, Shannon entropy and the Gini index are
widely used in decision trees and random forests. Discrete Fisher information
and the information-generating function help analyze structural features and
image similarity. This paper introduces discrete forms of chi-square-based in-
formation measures, proposes generalizations using convexity, and explores
their behavior for models like escort distributions. Applications in image
processing are also presented.

Material and Methods

This paper presents two applications of the discrete generalized chi-square
divergence measure in the context of image quality assessment. The results
are also compared with the Peak Signal-to-Noise Ratio (PSNR) performance,
a well-known criterion for evaluating image quality. The first image depicts a
lake and consists of a 512 x 512 pixel grid, where each pixel holds a grayscale
value within a specific range. The second image is a grayscale image of size
1346 x 882, and its noisy versions are generated by adding Gaussian noise
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at different levels. These procedures were implemented using the OpenCV
library in Python, which offers a comprehensive set of tools for image pro-
cessing tasks.

Results and Discussion

This paper introduces and examines several new chi-square-type informa-
tion measures for discrete distributions. The generalized discrete chi-square
and the relative chi-square divergence are defined and studied for well-known
distributions in areas such as coding theory and thermodynamics, including
escort and generalized escort distributions, with an illustrative example based
on the Bernoulli distribution. The Jensen-type chi-square information mea-
sure is also introduced and shown to be expressible as a convex combination
of discrete relative chi-square divergences with a direct link to its second-
order derivative. A generalization of the Jensen-type chi-square divergence
for n random variables and a weighted version is proposed, and key proper-
ties are investigated. Finally, two applications in image quality assessment
are presented, where the proposed chi-square divergence shows comparable
performance to the widely used Peak Signal-to-Noise Ratio, highlighting its
potential as a practical alternative criterion.

Conclusion

This paper introduces new discrete chi-square-type information measures
and highlights their applications in image quality assessment. Specifically,
it presents two practical examples of these divergence measures used to
evaluate image similarity, comparing their performance to the well-known
Peak Signal-to-Noise Ratiometric. The results show that the generalized
chi-square divergence is comparable to the Peak Signal-to-Noise Ratio in
detecting quality differences, demonstrating its potential as a reliable alter-
native for assessing image quality in real-world scenarios.

Keywords: Chi-square divergence measure, Convex function, Jensen’s in-
equality, Probability mass function, Escort distribution.
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