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The free metaplectic transformation (FMT) is an n-dimensional linear canonical
transform. This transform is much useful, especially in multidimensional signal
processing and applications. In this paper, our aim is to achieve an efficient
time-frequency representation of higher-dimensional nonstationary signals by
introducing the novel free metaplectic wave packet transform (FM-WPT) in
L*(R"), based on the elegant convolution structure associated with the free
metaplectic transforms. The FM-WPT preserves the properties of classical wave
packet transform (WPT) in L*(R") and has better mathematical properties.
Further, the validity of the proposed transform is demonstrated via a lucid
example. The preliminary analysis encompasses the derivation of fundamental
properties of the novel FM-WPT, including boundedness, reconstruction

formula, Moyal's formula, and the reproducing kernel. To extend the scope of the
study, we formulate several uncertainty inequalities, including Lieb's inequal-
ity, Pitt's inequality, logarithmic inequality, Heisenberg's uncertainty inequality,
and Nazarov's uncertainty inequality for the proposed transform.
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1 | INTRODUCTION

The n-dimensional linear canonical transformation (LCT) known as the free metaplectic transform (FMT) was first
studied in [1] by Folland and has gained much popularity in recent years as it can be used efficiently in many fields such
as pattern recognition, filter design, optics, multidimensional signal processing, and analyzing the propagation of elec-
tromagnetic waves [2-5]. The FMT is generated by a general 2n x 2n real, free symplectic matrix M = (A, B : C, D) with
n(2n+1)degrees of freedom |6]. The FMT embodies several time-frequency tools ranging from the classical Fourier, Fres-
nel transform, and even the fundamental operations of quadratic phase factor multiplication [7-9]. Mathematically, for
any signal f € L*(R"), the FMT of f with respect to the real free symplectic matrix M = (4, B : C, D) is given by earlier
studies [8, 10]
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