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░ ABSTRACT- Edge indicating operators such as gradient, mean curvature, and Gauss curvature-based image noise removal 

algorithms are incapable of classifying edges, ramps, and flat areas adequately. These operators are often affected by the loss of fine 

textures. In this paper, these problems are addressed and proposed a new coefficient of diffusion for noise removal. This new 

coefficient consists of two edge indicating operators, namely fractional-order difference curvature and fractional-order gradient. 

The fractional-order difference curvature is capable of analyzing flat surfaces, edges, ramps, and tiny textures. The fractional-order 

gradient can able to distinguish texture regions. The selection of the order is more flexible for the fractional order gradient and 

fractional-order difference curvature. This will result in effective image denoising. Since the discrete Fourier transform is simple to 

numerically implement, it is taken into consideration for the implementation of fractional-order gradient. The proposed method can 

give results that are visually appealing and improved quantitative outputs in terms of the Figure of Merit (FoM), Mean Structural 

Similarity (MSSIM), and Peak Signal to Noise Ratio (PSNR), according to comparative analysis.  
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░ 1. INTRODUCTION   
The development of an image denoising model that eliminates 

noise while maintaining crucial features, such as texture details 

and edges, is a challenging task. Image denoising can be 

modelled mathematically as an ill-posed inverse problem. A 

classical method for the inverse problem is variational method 

and it is based on energy minimization. This method can be used 

to model the image in the bounded variation (BV) function 

space while keeping the image edges preserved. The functions 

in BV space are allowed to have jumps and interruptions of 

discontinuous information, even if the edges are well 

represented. The functions are piece-wise continuous and the 

solutions are frequently piece-wise constant, resulting in 

staircase effects in image reconstruction. This approach has 

been generally observed in various image processing 

approaches with diverse applications, such as image super-

resolution, image restoration, image inpainting, and image 

denoising. 
  

A variety of noise removal methods using integer-order partial 

differential equations (PDE) [8, 13, 14] are available in the 

literature. Among these energy minimization approaches, 

anisotropic diffusion introduced by Perona and Malik (PM) [14] 

and variational approach introduced by Rudin et al. [13] are 

very popular for the edge preservation capability. It is noted that 

the PM method produces encouraging solutions for the 

elimination of noise in the images while keeping edges of an 

object and minimizing oscillations. However, it retains some 

unacceptable effects, such as, lose in contrast and texture details 

also produces staircase effects [3,9]. You and Kaveh (YK) 

proposed a 4th- order PDE-based approach for the removal of 

noise [12]. The absolute value of Laplacian is defined for 

diffusion coefficient. This approach can overcome the staircase 

effect which is introduced by the PM approach. However, it has 

the weak holding ability of preserving the edges and tends to 

leave the processed image with speckle noise. 
  

When the image is with variety of structures, such as, small-

scale textures, ramps, edges, corners, lines, flat regions, and so 

on, the gradient features are not sufficient to represent the 

complex structure of an image. So, many researchers worked on 

the new geometric features (curvature, structure tensor, etc.) for 

the image restoration. 
  

Chan and Shen introduced Mean curvature-driven diffusion 

(MCDD) model [11] for the image reconstruction. This MCDD 

model is an advancement of anisotropic diffusion, where mean 

curvature acts as a conductance coefficient. As a result, the 

illumination is flattened and smoothed out. In 2005 [9], the 

authors proposed a diffusion model driven by Gauss curvature. 

The Gauss curvature operator cannot differentiate edges from 

ramps and flat areas. Further, isolated noise and edges cannot 

be distinguished by the mean curvature operator. While the 

previous models can preserve the edges and ramps, they may 

introduce edge blurriness and texture fuzziness. 
  

The fractional-order calculus has been widely used in image 

processing to retain the edges [1-7]. The "non-local" attribute of 

the fractional-order differentiation operator allows for 

improved texture preservation, in contrast to the traditional 

integer-order differentiation operator. This paper proposes the 
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