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1. Introduction

The continuous Wavelet transform played an impaortate in many
problems of Mathematics, Physics and engineeringenses. Many
researchers in different disciplines are workinghiis area.

The characterization of continuous Wavelet ngfarm were
extensively studiéd in 1992 and 1995. Motivated from the whrlour
main objective in this paper is to develop the theaf fractional Wavelet
transform, which will be helpful in the study ofaputum mechanics, signal
processing and other areas of engineering sciences.
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The following definitions, formulae and propertiesf Wavelet
transform, which are useful in our present paper.

Definition 1.1: A functiong is called wavelet if it satisfies the
following conditions;

(i) ¢OL*R),
(i) It satisfies the admissibility condition

(1.1) C ETIJ/(w)Fda)<oo.

Definition 1.2: If ¢ 0L*(R), then the continuous transformatiay) of
function f OL*(R) is defined by

+00

(12)  wlfl(ah=<fyg,,> [ (g, (Yat

—00

The relation between Fourier transform and wawuedgisform is given by

(1.3)  FWw[f(abd =y a (Qu a).

Definition 1.3: The fractional Fourier transform of order(0O<a <1) for a
functiongd L*(R) is defined as

14)  p(w)= [ gy d DR, OR

and corresponding inverse fractional Fourier tramsh is
_te o 1_1
(1.5) @)= [ g (o) ol dw.

The whole paper is organized as follows;

Section 1 is introductory, various definitions, pecties and formulae
are given. In section 2 the definitions of franab Wavelet, continuous
fractional Wavelet transform, Parseval’'s formulal amversion formula for
the fractional Wavelet transform are introducedl aelation between
fractional Wavelet transform and fractional Foutr@nsform obtained.
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2. Continuous Fractional Wavdet Transform

In this section, the continuous fractional Wavetansform is defined
and Parseval's formula together with inversion folan of fractional
Wavelet transform obtained.

Theorem 2.1: If f, gOL*(R), then Parseval’s formula for the fractional
Fourier transform isgiven by

1

1)  <fg>=—rdwb T, )9, @)>.
27

Proof: Let f,g0L*(R), we take

+o0o

< f,g>:j f(t) g(t)dt

—00

o o T 1,
1 | f(t)[ [ gt pp™ g, (w)dw} dt

o

_ 1 v v —i (si rw)|w|§t 1=
—%Lf(t)[ie g |lwF g, W)dw| dt.

Applying Fubini’s theorem, we have

+00

_ 1 +°° i (si nw)|w|%t SR
<f,g>_%:[oe g f(1) j|w|a g, @)dw | o

—00

+00 1 JE—
~ 1 X
=— [T (@ g, @dw.
2m
Thus,

1— A~ ~
<t,g5=—<wf T, @), @)>.
27y

Definition 2.1: If ¢ OL*(R),then fractional Wavelet of order(0O<a <1)
is defined as

22)  w,.0=—y| 2,

lape (laf
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where a, b[JR and satisfying the admissibility condition
(2.3) C, = ~[Mda)<oo .
S 2]
Definition 2.2: If ¢ OL*(R), then the integral transformation

(2.4) M@[Wab=<ﬁ%wM*TfUE;ﬂ3m

is called continuous fractional Wavelet transfasfinf 0 L(R).
Theorem 2.: If ¢ OL*(R), then the following result holds;

25 EW.)@=laf &G, ().

mmﬁWemeawmm@:jﬁmwwﬂizwt_b

1
” lafe \laf

dt.

1

t=b _ . then dit=|af du,

1
lal

Let

1 +oo 1

Fy Wy ap)(@) =|ape [ e Emabr &by, () dy

1 +oo 1

1 1 1
:| a |277 e—i(sigrw)|w|0’ bJ' e—i(sigrw)|auf’ lw ( U) du

Thus,

F, (0, .0)(@) =|a pe €t by (o),

Theorem 2.3: Let ¢ OL*(R), then for any signalf OL*(R), the
following relation holds;

26  F((W, f)ab)@H] afe ¥, @, (@)

Proof: Continuous fractional Wavelet transform of thensig f (t) is
defined as



Continuous Fractional Wavelet Transform 59

(W, f)(ab=< fy,,,>

Using (2.1), we have
(W, f)(ab)— <|er f(w>,(5(wa,a,b))(w)>.

With the help of (2.5), the above expression becme

1

_|a|27 v '(Signa))|a)|%b 1~ R
(W, f)ap="" & ol T, @Y, (w)do
2mr 2

= Ff@ afr 1, @y, (aw)j (b).
Thus,
F, (W, f)(ab)@=lap" ¥, @), (av).

Theorem 2.4: If ¢ OL*(R), then for any functions, g0 L?(R), we obtain

(2.7) EE(W f)(la a)( v @)(béldb:a G(fo

Proof: We take

[T, 7)o 9w, 9(o 32

-J{Tt. m 4 90 adﬁl =

Applying (2.1), we get

[ [, )5 a{w, 903252

lal

2 1[T1o8 (5 (o 10 8) @ =, 90 3 @ 02

Ial"
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Using (2.6), we have

+00 +00

J [ (w, 1)(6a(w, 9(b 3

—+
—00 —00

af
——j[ﬂwr f, @3, @, @)} do jldaal
LTI (T 627 (05, @) da

lal |~

Cw l—:I_/\ A
o\ @f T @9, @)) .
o

In the view of (2.1), we obtain

400 +00

J 1w, )(ba(w §(paTl=g( 1y

—00 —00
af’

Theorem 2.5: If f OL*(R), thenf can be reconstructed by the formula

1 +00 +00

es) =] [, 1) CEIANIE-

—00 —00

Proof : From (2.7) , we have

+00 +00

Ar9)=] [(w, (o 3(w 9( o=

—00 —00

+00 +00

=[] (w, f)( MI o 0,09 000
laf’
=[] [ (W, f)(b 9¢,..00- 2222 L

—00 —00 —00 |a|g
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+00 +00

(T, 10 a0 222,

—00 —00
laf

Since g is any arbitrary element df’(R), the inversion formula is given
by

f(t):%ﬁ(w% JCEIANC R
o~ lal
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