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ABSTRACT 

This article aims to introduce linear canonical-Mellin transform by 

defining proper testing function space. Then, we prove some of its 

differential properties which are very useful in solving differential 

equations. We also find the linear canonical-Mellin transform of two-

dimensional Mexican hat wavelet to demonstrate the applicability of 

differentiation properties. 

 

KEYWORDS: Linear canonical transform, Mellin transform, Testing 

function space, Mexican hat wavelet. 

 

1. INTRODUCTION 

Linear canonical transform (LCT) has been proven to be a very powerful tool in signal 

processing. Several properties, including differentiation properties, of LCT have been studied 

extensively in theory and applications both.
[1]-[3]

 With the help of differentiation properties of 

LCT, one dimensional Mexican hat wavelet has been studied.
[4]-[5]

 

 

The LCT is defined as. 
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where the LCT kernel  is given by the operator  

and parameters  are real numbers satisfying . On condition that the 

parameters satisfy , the LCT is essentially a scaling and chirp multiplication operations. 

Without loss of generality, we therefore focus mainly on the LCT in the case of . In that 

case, the inverse LCT is 

 

 

The Mellin transform is developed by Mellin (1854-1933) for the study of the gamma 

function, hypergeometric function, Dirichlet series, the Riemann zeta function and for the 

solution of partial differential equation.
[6]

 It is defined as. 

 

The aim of this paper is to study the differentiation properties of LCMT and their application. 

 

1. Linear Canonical-Mellin Transform (LCMT) 

2.1 Definition: The conventional Linear Canonical-Mellin transform is defined as follows: 

 

where  , . 

Inverse of LCMT is given by 

 

 

2.2 The Testing Function Space  

An infinitely differentiable complex valued smooth function  on  belongs to , if 

for each compact set , , 

where   and , , 

 ,           

Thus  will denote the space of all  with support contained in  and .  

Moreover, we say that  is a linear canonical-Mellin transformable if it is a member of , 

the dual space of . 
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2.3 Distributional Generalized Linear Canonical-Mellin Transform 

The distributional Linear Canonical-Mellin transform of  is defined by 

                                                          

(2.1.1) 

where  with  and 

, . 

The right-hand side of (2.1.1) is meaningful because  and . 

 

2. Differentiation Properties of LCMT 

Property 1:  

Proof: We have, by definition 

 

 

 

 

 

 

 

Provided  vanishes as  and  

 

 

 

 

. 
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Property 2:  

Proof: By Mathematical Induction, the proof is obvious and hence omitted. 

Property 3:  

Proof: By definition, 

 

 

 

 

Provided   vanishes as  and  

. 

 

Property 4: . 

. 

Proof: By Mathematical Induction, the proof is obvious and hence omitted. 

 

Property 5:  

 

Proof: By definition 

 

 

 

 

Provided   vanishes as  and  
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Property 6 

 

Proof: The proof is obvious and hence omitted. 

 

3. Application 

In this section, we define 2D-Mexican hat wavelet and we find its LCMT as an immediate 

application of differentiation properties. 

 

4.1 2D- Mexican Hat Wavelet 

2D-Mexican hat wavelet is defined by 

 

                                                  (4.1.1) 

We have expressed 2D-Mexican hat wavelet in derivative form in order to find its LCMT. 

Result 1:  (4.1.2) 

Result 2: .                       (4.1.3) 

 

4.2 Application 

Example: (LCMT of 2D-Mexican hat wavelet) 

 

 

 

Proof. Using Eq. (4.1.1), we obtain 
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Putting   in (4.1.2), we get 

 

 

 

 

 

 

 

 

 

                       

 

 

 

2D Mexican Hat Wavelet Real part of LCMT of 2D Mexican Hat Wavelet for 

(a,b,c,d)= (-1/2, -1/2, 1,-1) 
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4. CONCLUSION 

We have proved various differentiation properties of LCMT and found LCMT of 2D-

Mexican hat wavelet. These differentiation properties can further be used to solve generalized 

linear and non-linear differential equations. 
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