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Abstract-Fourier transform can be generalized into the  F&{f(x,y)}u,v) =
- - - - ac o
fractional Fourier tra_nsfo_rr_n (FRET), Llneqr Canonical J“D J’D fle, K, (x,y,u,v) dxdy
transform (LCT) and Simplified fractional Fourier transform.

They extend the utilities of original Fourier transform and can 1.1
s L. . Where the kernel,
solve many problems that can’t solved well by original Fourier 2 (x, v ) =
transform. in this paper fractional Cosine transform is extended in ~ fic W-Y.wv) ="
the distributional generalized sense and examples on fractional i-icorg X =y s oveocs
{ gener p |—— & 2 coslcosece. ux).
Cosine transform are discussed. W
cos(coseca . vy) (1.2)
Keywords- fractional Fourier transforms, fractional Cosine
transform fractional Sine transform. B. The test function space E
An infinitely differentiable complex valued function @ on
1. INTRODUCTION R"™ belongs to E(R™) if for each compact setl = 53, where,
The theory of integral transform is presented a direct and ~ Sap = Lr.y:x,y € Rﬂ’sﬁl zalyl=ba=0b=0LleR"
systematic technique for the presentation of classical and ‘}’z,,,':@] = I'}_|Df_'}. B(x.y)| < =

distribution theory and it is one of the well-known technique  y/pere p,q=1,2,3....

used for function transformation [3]. For almost two 1y s E(R™) will denote the space of alld € E(R™) with
centuries the method of function transformation has been support contained in 55 Note that space E is complete and
successfully in solving many problems in engineering  nerefore a Frechet space. Moreover, we say that f is a

mathematical Physics and applied mathematics. Integral  ¢50tional Cosine transformable, if it is a member ofE*, the
transform method proved to be of great importance in initial ) space of E.

and boundary value problem of partial differential Equation

[8]. Extension of some transformation to generalized I1. DISTRIBUTIONAL TWO-DIMENSIONAL

function have been done from time to time and their FRACTIONAL COSINE TRANSEORM

g:eorg::]tilaer? ?i}/eaggenP;t#:;ed[z?yh:g”:?jdizjat:ir;a;;'agi The two dimensional distributional fractional Cosine
transform of f{x,¥) € E*(R™) defined by

transform as generalized functions. In the 80’s a Generalized & N pEe ; L
Fourier transform was introduced for signal processing, fifty B Goy)d = Fou,v) = {f G y) Koy v))

year after its introduction in the field of pure mathematics. M azzn (2.1)
The fractional Fourier transform, which is generalization of K5 ooy v) = |1 — icota 10 +y*+ul+v7)cota ( 3
the ordinary Fourier transform. The fractional Cosine and ¢ VoY= J 2 ¢ ) Faslrosect. i

Sine transform closely related to the fractional Fourier
transform [7]. As the generalization of fractional Cosine
transform has been used in several area including optical
analysis and signal processing. In our previous work [4, 5, 6]
we had defined. Motivated by the above, in this paper we I11. EXAMPLES
have studied two dimensional fractional Cosine transform in 3 11f £% {f{x, y)}(u v) denotes generalized two dimensional
distributional sense and discuss examples on generalized two  fractional Cosine transform of f(x,y)then ,
dimensional fractional Cosine transform.
;Aréns'::c\;vrcr)n dimensional generalized fractional Cosine EE (1w v)} = %ﬁm&—[;‘:[u‘+v‘jmnﬂ

Two dimensional fractional Cosine transform with )
parameter af(x, y) denoted by F£ (x.y) perform a linear  Solution:
operation given by the integral transform.

cos(coseca.vy)  (2.2)
Where , RHS of equation (2.1) has a meaning as the
application of f € E"toK, (x. v, u. ¥} E E
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i i(%2 472 +nlsp?) [ - ~
|1;ﬂ ng:x +J +|A: +12 Joote erfi (%{xj] + {erfi (% {:c:]) —
as oo 2 & &Y
M =[ [ 1Y { ]
o Jo coslcosece. ux) . N N
cos(cosece . vy) dxdy i (m‘f» (:w.-'E{ b]) + (erfi (:-.-'E (b J)
'm i(u? +v2) coee i Vi ) Vi
FE& (1Mu,v) = | - P erfi —21‘5(3:] + (erfi —21‘5(3] _
L[x +y ) ot .
J’Dx fnxl e z cos(coseca . ux) Ji Vi
coslcoseca. vy) dxdy erfi { &) |+ (erfi ;._'_{C]
2va
| Pr—— i[u+r?)cota oo
Let, A= ﬂlﬁ Bz=e =
* (e Jeota Here erfi(y/i=) =41
FEO1Hu,v) = AB J‘ e 2 coslcosec.ux)dx Y f { }
0
o y¥leots 1 2 —i[b2 4%
[y & = coslcoseca. vy) dy FE{1Hu,v) = AB E{—l]ﬁr(e 4z ]

cota

Let, a= , b=coseca.u, c=coseco.v

FE{1}u, v] = AB [, &% % cos(bx) dx [, ¢ % cosley) dy [GH— Vi) —erfi (:-E{b] ) + (erfi (:-E{hj )]

FE1Mu,v) = - -
¢ LAY , o = (Vi +47) - (—m‘fi (;% (tﬂ) + (erfi (%"Ctﬂ D]
-ik? IIII Q’J"ff- (;'\. El ':?‘ax - B:]] 3 ) -"‘!-‘I‘+\c:" B
4| (FE v« o= F%{l}{uy]=ABL_{-1}En(e$T‘][{‘-."T—'-.-'T}] [(vi~D)]
l'l. {w‘ﬁ(;'ﬁ{7m+b]) =B +c%
_ ) FEliMu,v) = EF{ 1)z ﬂ:(g iz )[24\,"][24\,‘:]
2 'Ifﬁ?'-'"f ( — —ﬂ]) 1 3 —iplecd)
( ._Ii ]_:]4-1.‘.11,'@ e J - Fg{l}{m 1-"':] = AE _{—1:]:??-'(3 4a ]‘1‘»
Y 4=1
(erfi (" a (2ax + E:]) —ifB? +ct
lll'\ 3 - 3 _[-E-::_:.E FE 13, v) —HE{ ;-:] TE(E‘ 4o ﬁ)i
FE()u,v) = 4B T2 (DA S (DR (e = ) ;

[1—icote Hwi+rfcorai(— 1|"-"‘( —L'[i"+rlj‘)
g

[/ ) 4 FE1Nur) = |—E— 1o T
er_f::( ) + (erfi ( —(2ax +a])
. — [ —i{cectau+ cEcter )

T
|1 —icote iwi+vicota(— 1?.( B
g

i = FEur) = |—E z 1 =
1 1 o
erfi (L{7ax—c])+{wf (ww—{7m+c:])

|11 — jcote Huwi+rTcote —L||.'S|.'“|2'|A‘+ESIT“I2'L"‘|E|: 1.-».—
d - - < oo
FH A u.v) | g z tr

-1 3 _ -1 3 ciE+eh ia
FE{Du,v) = 4B 4—_{—1344\,-?:?{—13%-7;(3——‘4: )
Va ‘a — z 20 z
[1—icota _“n:-r = l—"I-,':+If':'r o= I:'IL* -:[ 1| i
x FE1Nur) = |— =
o '_1 4'_
erfi —{7ax—c:] + (erfi —{70,1' +c} —— 3
[1—icote L W+“~.|M‘|:[ 1zn
) 1z Ff{1}(uv) = |—E T
—1 [1—icote —i, ., o L i —1]%7?
erfi (—{7ax—c:])+{e?rf (—{7ax+c:]) FE1ur) = |— 6T W {41-;
- 0

3 —if bt 22y
FE{1}(u,v) = AB ﬁ{—n:n(r‘—ﬂs )
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— 2 o . — e ;
[1—icote —ipz omeoo i(—1)ZW FE{(6Gc —a) .00y — b))} = K2 (a.b.u,v)
FE1 u) = |—E Fla -“"““':'—4
o
- . 33. If FE{f(x,y)}w.v) denotes generalized two
[1—icota l-.; = im . . . .
FE1Nur) = |— F i :'“"“”""E dimensional fractional Cosine transform of f(x,y)
then
— , 4, o o=
FE1 ) = [1-— t|::r.:ut|:r,E Lsontana_ T Ff{cosx. '5'5'5}}
c * | 4|::Dttx [—eli—icote] sl +v? Jeota—tana(esciaut ozt av? 43
2 4  EBoorim
[1—icotm =i - - T
FEAMur) = |—E Flalu jmﬂcﬁ cos(seca .u) . coslseca. )
[(1 - icota)cotam® =i s, . Solution:
FE{1}uv) = |I: S : — g7 (WHrTtans
T -
A @ oo [1 —icote a+yi+ui+rdcota
= Ff{cosx. cosyi{uy) = f f COSX.COSY T2z ° -
VT —I.A*+L*‘lr|:m' o <o N

——
FE1Yur) = Jrtanto —itanoe?

cos(coseca. ux) .cos{coseca. vy) d

Lu
ra |

.,‘

32, If EE{flx.y)}(wv) denotes generalized two F£icosx.cosyi(u.v) =HEJ‘ J‘ COSX.COSY
dimensional fractional Cosine transform of f(x, y) then Lo

FE{(5(x —a). 80y — b))} = K%{(a, b, u, v) i(x2 +y?) cota
g z cosl(coseca. ux) . coslcoseca . vy) dx dy
Solution: . . Let _ [iiarz B EM
(66 —a).6G - 0)}= | [ (56— )66 1) i
0 do = L[r*+_1. Joote

m (o ay? et an oot Ffl{cosx. cosy}(u, v) = AB f f 3 (cos(cse.u + 1)x +

|————— & Z coslcosece. ux) v
N 2w ¥

1
( ya 3 {coslcse.v + 1)y + cos(ese.v — 1) y).dx dy
.coslcoseca.vy) dx 2

———  ifulipieate 1 = {[x*+y%lcota
FE {{S{x —a).8ly — b) }} — |ﬂ gr—:‘l'_ FElcosx. cosy}u, v) = AB ‘—}J‘ J‘ e 2 (coslesc.u + 1)x +
i o o
-rr:- -rr:- {5{_1- —a)dly — (cos(cse. v+ 1)y + coslese. v — 1) y). dx dy
i[::—l':'lzarz
blle 2 cosl(cosece . ux) . coslcoseca. vy) dx dy
Ij_ icoto _ @.@ Let II-:Jj_ = l:l:'sl:'-u + 1:' y b: = ':CSC‘.?.,[ - 1:' ,
LLet A= = B=¢ 2 cote

g, = lesc.v + 1), ¢; = (ese.v — 1)

Lo —a

i - . :\c_' . xcota )
F{(8(x —a).8(y - b))} = AEJ flx—amle" T cos(cosece ux) dx
i}

= ilyTcote .
Glv—bye~™ = cos(cosecavy)dy
0

ilg?)cota
FE{{E{.’: —a).&0y — b) }} =ABe 1 f coslcoseca. ua)

i(p? Jeote
- cos(coseco . vh)

We know that [, 6(t — a) p(£)dt = @(a)

o o . ifa*+ b ) cota . .
FH{(6(x —a).6(y— b))} = ABe 7 cos(coseca.ua) .cos(coseca. vh)

1% =
F{cosx. cosy}u, v) =HE‘—}I #'%* (cos bix-l—u:u:usb:x:ldxf ¥ (cosc,v + coscy v) dy
o b
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