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Abstract: Various transforms are employed for signal processing to obtain useful information, which is
not explicitly available when the signal is in the time domain. Most of the real time signals such as speech,
biomedical signals, etc., are non-stationary signals. The Fourier transform (FT), used for most of the signal
processing applications, determines the frequency components present in the signal but with zero time
resolution. The fractional cosine and sine transform closely related to the fractional Fourier transform
which is now actively used in optics and signal processing.

In this paper applications on generalized two dimensional fractional Sine transform are discussed. Also this
paper presents Generalization of two dimensional fractional sine transform in the distributional sense.
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1. INTRODUCTION

Nowadays, fractional transform play an important role in information processing, image
reconstruction, pattern recognition, and acrostic signal processing [6], [7] and the obvious
question is: why do we need fractional transformation if we successfully apply the ordinary ones?
First, because they naturally arise under the consideration of different problems for example, in
optics and quantum mechanics and secondly, because fractionalization gives us a new degree of
freedom (The fractional order), which can be used for more complete characterization of an object
(A signal in general) or as an additional encoding parameter. Fourier analysis is one of the most
frequently used tools in signal processing and many other scientific disciplines.

Namias [8] introduced the concept of Fourier transform of fractional order, which depends on a
continuous parameter & . The generalization of ordinary Fourier transform and its properties were
discussed in Cariolaro et.al [3] Zayed [1] Dragoman [4] etc. Fractional Fourier transform is
further generalization to the integral with respect to new measure dg and a new generalized

integral transform was obtained by Zayed [1]. Bhosale and Chaudhary [2] had extended fractional
Fourier transform to the distribution of compact support. The fractional Fourier transform with
o = 1 corresponds to the classical Fourier transform and fractional Fourier transform with & = 0
corresponds to the identity operator. In [5] other integral transform of Fourier class that is Cosine
transform and Sine transform, are also generalized to the corresponding fractional integral
transform and studied by different mathematicians.

Pei Soo-Chang redefined the fractional cosine and sine transform based on fractional Fourier
transform in 2001 [5] The idea of fractionalization of CT and ST was proposed in [9].There the
real and imaginary parts of fractional FT kernel were chosen as kernel for a fractional CT and
Fractional ST respectively.

The organization of this paper is as follows: We first provide the definition of distributional two
dimensional fractional sine transform in section 2. In section 3 we are discussed applications on
generalized two dimensional fractional Sine transform in the range 0 to =
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2. DISTRIBUTIONAL TWO-DIMENSIONAL FRACTIONAL SINE TRANSFORM
The two dimensional distributional fractional Sine transform of f{x,y) € E*(R™) defined by

Fo{f(x, v} = Fo(u,v) = (f (x, ), Ko (x, v, w,v)) (2.1)
M. ix®+yi+u+rfeota . g
K&(x,y,u,v) = *Jll ote z " ® D sin(coseca. ux) .sin(coseca. vy (2.2)

2
where, rhs of equation (2.1) has a meaning as the application of f € E*to K,(x,y,u,v) € E.

3. EXAMPLES IN THE RANGE 0 to =

3.1
If E={f(x,v)}w,v) denotes generalized two dimensional fractional Sine transform of f(x, y) then
FA{1}(u,v)}
—— 2k+1 — 2i+1

— [t st

1 — icota i( “"l,m—mzm}(uuyn)+.:ﬂ—i,—fj = (csca' ) ECGM) = (csc:x.tﬂ ECGM)
=i |———e '\ °© . “

\ 2mcot<a = E'(2k+1) o neEi+1)
Solution:
Fe{1i{u,v) =
i dx?+pi+u+vijoota . ¢
fD fD 1‘]1 imme z 2% sin(coseca. ux) . sin(coseca. vy)dxdy
&TE

Fe{1}(u,v) =
m ll:i.l.:"+l:':" cota

l(.‘.‘.':"+_'!."“':ll:'l:l ta

‘\.ll —e "E__j' _ID fD z sin{coseca.ux).sin(coseca.vy) dxdy
&TE
| P— i(u?+vejeotn
Let A= I1 icota ;. g__j BZE—E
4 Im
ixT)cota o UyTeota

Fe{1Hu,v) = ABf e~ =z sin{coseca. ux)dx fﬁ e = sin(coseca.vy) dy
Let, a= 222

, b=coseca.u, c=coseca.v

2 o
Fe{1Hu,v) = ABJ‘ ei*"2 sin(bx) nixj e 2 sin(cy) dy
0 0

B (;—.15 (—1};’59%22)(9?}"1( = (2 + b}) (e:r"fa(
[(;—13 (—1}&{%&%)(9}"}”1 ( (2:1} + c}) — (erfi (q _1(211} - c}))]

2 ere (G2 e -

Fa{1}u,v) =
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{1t uw) =
(;i‘re_liizﬂz)ﬂﬁ[erfa{wm} erfi

(EM —

I-.'l

o

I’-.'l
I‘\-

o
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e:r"fa{x.am} erfi —:]+erf1( m)]
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Here erfi(+/im) = /i
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3.2

IfE={f(x, ¥)}{u,v) denotes generalized two dimensional fractional Sine transform of f(x, y) then

Eef(a(x —a).8(y— b))} = K2(a,b,u,v)
Solution:

Fe{(8(x —a).6(y— b))} =
P—— ix2+y2+u+vcota

| e
.;runarumg x—a)d(y—b) N 2m : dy
Ez‘(ﬂ—f_:.

sin(coseca. ux) .sin(coseca.vy) dx
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oGt 00— ) - e )

zl:z:""+} Jcﬂrﬂ:

J‘ J‘ {r:’:-‘(x —a)dly — b}} P sin(coseca.ux).sin(coseca. vy) dxdy
o Jo

P i{u?+v2jeota
Let A—*&,'1 feote 0D B 2

2

xT}eota

F“‘{{é‘(x— a).é(y — b}}} ABf 8(x —a)e” = sin(coseca.ux) dx

zl__} ""_:lcotﬂ:

J‘ S(y—b)e  z sin(coseca.vy)dy
o

i(a%}cota i(b%jcota

F;“‘{'[E:-‘(x —a).8(y— b}}} =ABe” z sin(coseca.ua).e” z  sinl{coseca. vbh)
We know that [, &(t — a) @(t)dt = @(a)

i(a®+b%)cota

P;‘x{{c’:-‘(x —a).8(y— b}}} =ABe~ = sin{coseca.un).sin{coseca.vh)
Eff(a(x —a).8(y— b))} = K2(a,b,u,v)

3.3.

If E*{f(x, ¥)}(u,v7) denotes generalized two dimensional fractional sine transform of f(x,y) then
I 1': « o
|@ E(L%imﬁﬂ—;}—(tam” v } J

Fe{sinx.siny}(u,v) = — A 2 sinlseca.u) sin(seca.v)
COor=a
Solution:
F2{sinx.siny}{uv) =
N icote :fa_E {22+ y2+u+v2jcota
fﬂm _,If sinx. siny ‘\.ll imme“g e z sin(coseca.ux). sin(coseca.vy) dxdy
i

F2{sinx.siny}{uv) =
o oo i(x%+y%jcota
AB [, [, sinx.sinye 2 sin{coseca.ux). sin(coseca.vy) dx dy

P i(u®+vrT}cotn
Let A—ﬂ'l e JB=e T

F2{sinx.siny}{(w,v)

zlx5+} oot
= AEJ‘ J‘ ?(cas(csc.u +1)x

— coslcsc.ou — 1}x}? {cos(csc. v+ 1)y — coslcsc.v— 1) v).dxdy

i[x%+y%jcota

F{sinx.siny}{u,v) = AB& _,I? _]": e 2
(cos(csc.u + 1)x — coslesc.u — 1)x) (cos(cse.v + 1)y — cos(csc.v — 1) y).dx dy

co b

Let by = (cscou +1),by = (csc.ou—1), ¢ = (escv + 1), ¢ = (csc.v— 1) =

=a
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3.4.

IfF={f(x, ¥)}{u,7) denotes generalized two dimensional fractional Sine transform of f(x,y) then
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I . it | : 2141
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4. CONCLUSION

This paper presents the Generalization of two dimensional fractional sine transform in the
distributional sense. Also some examples of two dimensional fractional sine transform in the
range 0 to o are proved.
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