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A B S T R A C T   

The main aim of image enhancement is to improve the visual quality or appearance of an image. 
This article presents an image enhancement method based on Grunwald-Letnikov, Riemann- 
Liouville fractional-order derivatives and genetic algorithm to boost the homomorphic filtering 
performance. Homomorphic filtering is used to attenuate the contribution made by the illumi-
nation and amplify the reflectance components of an image. This work uses a fractional-order 
derivative to enhance the mid- and high-frequencies and preserve the low-frequencies. The 
enhancement of the image depends on the parameters required for the homomorphic filter 
function and fractional-order value, which are not the same for all types of images. Hence, the 
genetic algorithm is applied, which automatically determines these parameters by optimizing the 
fitness function. The capability of the proposed approach is evaluated using performance metrics 
such as information entropy, average gradient, and contrast improvement index on different sizes 
of images. An average improvement in information entropy of 6.5%, average gradient of 52%, 
and contrast improvement index of 75%, respectively, are achieved for standard, medical images 
and images with low contrast and non-uniform illumination conditions. Also, the proposed 
method outperforms the existing methods by producing a better visual appearance of the image.   

1. Introduction 

Image enhancement is a digital image processing approach that magnifies the hidden information from a poorly illuminated image. 
The main intention is to make the image details clear to the human observer that is not noticeable in the captured image due to sensor 
sensitivity to poor light or night or due to its limited dynamic range during acquisition. The captured images with poor contrast may 
lead to the wrong diagnosis, interpretation and classification of the image data in medical, surveillance and remote sensing appli-
cations. Hence, image enhancement is considered as a pre-processing task prior to segmentation, compression, and fusion techniques 
to enhance the image quality. 

Histogram Equalization (HE) is a basic spatial domain method that alters the pixel intensities such that the cumulative distribution 
of the pixels is spread over the entire range. However, the technique suffers from oversaturation as the image is processed globally [1]. 
However, several modifications to the histogram equalization, such as bi-histogram equalization [2], Minimum Mean brightness error 
bi-histogram equalization [3], and Recursive sub-image HE [3] are developed in the spatial domain by researchers to preserve the 
features and avoid oversaturation levels. Later, HE was applied to the decomposed bright and dark images using entropy-based 
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