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Abstract: In this paper, the Kekre’s function is represented in mathematical concept. The Laplace transforms is applied to
Kekre’s function and the results are obtained. The graphical representation is shown by MATLAB also to show the Kekre’s
function. A generalized representation of Kekre’s function is shown in this paper. To all the assigned order N, of the
Kekre’s functions, the solutions are displayed for each example. Linearity property using Laplace transforms when applied
to Kekre’s function, is proved in the form of a theorem. For any positive arbitrary value, the transform of Kekre function is
obtained and also shown how Kekre’s function is related to inverse Laplace transforms. At the end of examples, the
generalized representation of the Laplace transforms of Kekre’s function is formulated.
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I. INTRODUCTION

Kekre function is defined as

Ka(t)=—(N—a)[u(t—(a—1))—u(t—a)]+u(t—a) (1
for any order, ¢ =0,1,2,3,..N and a < N.

Here N is the order of the Kekre’s function. Transform methods are typically used in many image processing applications
such as compression, filtering, enhancement, feature extraction, image texture analysis etc. Using transform domain
techniques, it is possible to embed a secret message in different frequency bands of the cover image. There are a number of
linear transformations that prove useful in digital image processing. Most commonly used transforms are Discrete Cosine
Transform (DCT), Discrete Sine Transform (DST), Walsh, Haar [15] etc. This paper proposes transforms applied to
Kekre’s function [15] and can be used for various image processing applications. CBIR technology is implemented in a
host of different applications which include art galleries, museums, archaeology [1],[2], architecture/engineering design [3],
geographic information systems [5], weather forecast [4], medical imaging [4], trademark databases [6], criminal records
[7], World Wide Web like photo sharing and video streaming sites[8]. Some of recent works on speaker identification
depend on classical features including cepstrum with many variants [9], sub-band processing technique [10], Gaussian
mixture models (GMM) [11], linear prediction coding [12], wavelet transform [13] and neural networks [14]. A lot of work
in different applications to engineering fields has been done. But still there is lack of understanding of the mathematical
interpretation using Kekre’s function is been observed. The author in the present study, proposes solution to some problems
using Kekre’s function which will help further in application problems. In this paper, Kekre’s function is used to solve few
problems using Laplace Transforms.
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II. PRELIMINARY STUDY

Here the order of the Kekre’s function is ‘4’. Then the Kekre’s function can be represented as:

K,=u(t-0)

K, ==3(u(t=0)—u(r=1))+u(t-1)
K, ==2(u(t=1)-u(t-2))+u(r-2)
Ky=—1(u(t-2)-u(t-3))+u(r-3)

Using MATLAB code, the Kekre function is represented as
t=[0.1: 0.1:4]

KO=heaviside(t)

Plot(t,K1)
K1=-3.*(heaviside(t-0)-heaviside(t-1))+heaviside(t-1)
plot(t,K2,"*")
K2=-2.*(heaviside(t-1)-heaviside(t-2))+heaviside(t-2)
plot(t,K3,'g+")
K3=-1.*(heaviside(t-2)-heaviside(t-3))+heaviside(t-3)
plot(t,K4,'r+").

When the order of Kekre’s function is 5°.

Then the Kekre’s function can be represented as:

K,=u(t-0)

K, =—4(u(t-0)-u(r-1))
K, ==3(u(t=1)-u(t-2))+u(t-2)
K3:—2(u(t u(t 3)+u(t 3)

K, =—1u(t=3)—u(r-4))+u(r-4)

Using MATLAB code, the Kekre function is represented as
t=[0.1: 0.1:5]

KO=heaviside(t)

plot(t,K1,"*")

hold on
K1=-4.*(heaviside(t-0)-heaviside(t-1))+heaviside(t-1)
plot(t,K2,'0")

hold on
K2=-3.*(heaviside(t-1)-heaviside(t-2))+heaviside(t-2)
plot(t,K3,'g-")

hold on
K3=-2.*(heaviside(t-2)-heaviside(t-3))+heaviside(t-3)
plot(t,K4,'b-")

hold on
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K4=-1.*(heaviside(t-3)-heaviside(t-4))+heaviside(t-4)
plot(t,KS5,'t-")

Graphical representation of Kekre’s function of order 1,2,3,4 is given below:
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Similarly for any order, Kekre’s function can be represented as
For a=0,1,2,3,...N and a< N.

K, (t)=u(r) )
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always for any N; with reference to the function formula given in [15], the generalized Kekre’s function is given by

K, ()= —(N—a)[u (t—(a—l))—u(t—a)]+u(t—a)
Linearity Property

Theorem 1: The linear operation with Kekre’s function over functions f (x) and g (x) and for any constantsa and b,

L[K(N;x){af(x)+bg(x)ﬂ =aL[/((N;x)f(x)]+bL[K(N;x)g(x)] . 3)

Proof: By the definition,

LK (N3x) £ (x)] = [ K (Nsx) £ (x)dx

(=]

L[/((N;x)g(x)} e‘”K(N x) ( )dx

O'—-8

L[/((N;x){af (x)+bg (x)}] =]§e"s’K(N;x){af (x)+bg (x)}dx
T dx+b.[ K (N;x)g(x)dx
=aL[/< (N;x) f ]+bL[7< (N:x)g(x)]-

Theorem 2: If F(s) is the transform of f(¢), then ¢™F(s);a>0, 'a' is any positive arbitrary value, the transform of

Kekre function K, (N;t)=—(N—a)[u(t—(a—]))—u(l‘—a)]+u(l‘—a), L(Ka (N;t))Z(N—a)%s_eS‘m .
“)
Thus
L e (N-a)—e™
L K, (N:t)
{ s :| (%)

Proof: From the definition,
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L(K,(Nst))= ™K, (Nst)di = ! =V =a){u(r-(a=1))-u(t-a)}+u(t-a) dr

0

e [—(N—a)u(t—(a—l))+{(N—a)+1}u(t—a)]dt

Oy 8

ke

j (N - a)Odt—j “(N-a 1d;+j (N - a+1)0dt+j (N—a+1).1dt

Lz H“ ]

7sal

:es (N- a) - (N a+1)
e

This relation holds true for value of A, for all values a=1,2,3,..N and a < N.

This follows directly from the derived that,

I {M} K, (Nst).

N

III. CALCULATIONS

For a function ¢ K ( N ;t) the Laplace transforms is applied and calculated for N =5;a=0,1,2,3,4. On applying Laplace
transforms over Kekre’s function from (1), the following results are obtained.
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—3se =3¢ +8se > +4e

{
{
L{tK, (5:1)} = ;
{
{

s

—Adse™™ —2e > + 95 +3¢7

th(S;t)}: 2

35 —e ™ +8se +2e7

2
S

Thus the generalized form of the transforms can be written as
—{(a—l)(N a)s+(N- a)}ef(“fl)(s)
{ (N+1 a s+ N+1 a}e“”

L{tK, (N:t)}= -

S (6)

Consider 1 K, (N 3t ) for N=4;a=0,1,2,3.0n applying Laplace transforms over Kekre’s function from (1), ), the

following results are obtained.

L{tz K0(4§t)}=%3.
— 2 _s
L )] - L)
LU K, (41)) = —¢™ (257 +4s5+4) +3e_25 (1252 +12S+6).

N
e (45> +45+2)+e7 (185 +125+4)

3
S

L{f" Ky(41)} =

Thus the generalized form of the transforms can be written as
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—{(a—l) (N a)s +2(a 1)(N a)s+2 N a }e

N+l-a)s +2a(N+1—a)s+2(N+1—a)te™™
L{f K, (N:t)} = He'l )"+ 2a( - Js+2 i : @)
S
Applying Laplace transforms over Kekre’s function (1), in the form of L{e*b’ K, ( N; t)},for N=4,a=0,1,2,3, the

following results are obtained.

{ —btK

s+b
(s+b)

41))
L{e"K, (40)) =22
41))
41))

s+b
e —(s+b) +3e —-2(s+b)

{e
L{e" K, (
{e

s+b
_ —2(s+b) —3(s+b)
L 7btK — + 2
s+b
_ _ 7(a72)(s+b) _ 7(u71)(s+b)
O 0 G )
s+b

Thus the generalized form of the transforms can be written as
—(N _ a) e—(a—2)(.v+b) (N + 1 Cl) a 1)(v+b)
s+b (®)

L{e"K,(N:t)} =

To find Laplace of L{sin btK, ( N; t)} for N =4;a =0,1,2,3,by applying Laplace transforms over Kekre’s function (1),

L sinbtK =
{ } s +b2
L{sinbtK }: -3b+4e”* COSb-|2'4S8 smb'
s*+b
. 2s 25 =
L{sinbtK }: —2be™* cosb—2se”* smb2+3bf cos 2b +3se sm2b‘
s +b
. 3 —3s5 2
L{sinbtK } 2 cos2b—se” s1n21;+21;e cos3b +2se s1n3b.
s +b

Thus the generalized form of the transforms can be written as
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-(N —a)[bcos {(a=1)b}+ssin{(a —l)b}]e’(”’])s
+(N +1—a)[bcos{ab} + ssin {ab}]e"”
s> +b’ ’ )
Similarly for Laplace of L{cos btK, (N ;t)} for N=4;a=0,1,2,3. Thus applying Laplace transforms over Kekre’s

L{sinbt K, (N;t)} =

function (1),

L cosbtK
{ } s +b2
L{Cosbtl( }: —3s+4e” scosl;)2 4be”’ smb'
s”+
s .
L{cosbtK } 2se”’ cosb+2be”” smb+3z§ *cos2b—3be stb‘
s°+
aop 2s _ 25 - 35 _ 35 -
L{cosbtK3(4;t)}= se "’ cos2b —be szsb;;iie cos3b —2be sm3b.

Thus the generalized form of the transforms can be written as
—(N- a)[s cos {(a - l)b} +bsin {(a —l)b}]e_(”_l)s
+(N+1 —a)[s cos{ab}—bsin {ab}}e‘“s
s*+b? ‘ (10)

L{cosbt K, (N;t)} =

When Laplace of L{\/ﬁ K, ( N; t)}, is to be calculated for N =5;a4=0,1,2,3,4 applying Laplace transforms over Kekre’s

function (1), the following results are obtained.

) I

LINBr K, (5:1)) L Vb

3/2

\j_{—4\/7?+10\/; e’ +5\/;erfc\j;}

3/2
N

L{Nbt K, (5:1)} =

N | —
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LB K, (5:1)) = % Vb{-6Vs e -3z e:chi; 325 ¢ + 4 erfe25})
L{\/b_lK3 (5;l)} :%\/E{—LI-‘\/Z e’z"' _2ﬁ€#CJ§+ 6\/3__9 e,3s +3\/; erfc\/3_s} |
L{\/b_l‘K4 (5;1‘)} :%\/l;{—2\/§ e _\/;ﬂfc\/is;;S\/; e +2\/7? erfc(m)}

Thus the generalized form of the transforms can be written as

& —(N—a)(a—2)e_(a_2)sﬂf(a—2) —(N—a)«/;erfc (a—2)s
b
+(N+1—a)(a—l)e_(a_l)s+(N+l—a)\/;erfc( (a—l)s)

3/2

s ' an

LiNbt K, (N31)} =

N | =

Considering L{eiW[Ka (N ;t)} for N=5;a=0,1,2,3,4 for the output. Applying Laplace transforms over Kekre’s function

(1), the results are displayed.

iwt 1
L{e" K, (5:)} = —

» —4+5¢™)
L{e Kl (S,I)}Zﬁ

N 3 ) g 2siw)
L{e K, (5;t)}= ¢ s—+iwe .

» _26—2(s—iw) +3e—3(s—iw)
L{e" K,(5:t)} = — :

_ 73(sfiw) 4(sfiw)

L{eiwt K4 (5;1‘)}2 e +2e

s —iw

Thus the generalized form of the transforms can be written as
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—(N — a)e—(a—l)(s—iw) i (N 11— a)e—a(s—iw)
s—iw ) 12)

L{e"™ K, (N:t)} =

For the Laplace of L{cosh bt K, ( N ;t)} , on applying Laplace transforms over Kekre’s function (1), for
N =5;a=0,1,2,3,4,

Licoshbt K )}= 5

s —

2

—45+5se”" cosh b+5be sinh b
—p?
—3se* coshb—3be* sinh b+ 4se ™ cosh 2b +4be > sinh 2b

5. -
s.) e
)=~
)=~

L:{coshbt K

B

b

2 cosh b —2be ™ sinh b+ 3se™* cosh 2b + 3be™ sinh 2b

b2

35 cosh 3b —be ™ sin3b + 2se ™ cosh 4b + 2be ™ sinh 4b
s2—b*

L:cosh bt K

2

{

{
L{coshbr K, (

{

{

Licoshbt K

b

the following results are obtained.
Thus the generalized form of the transforms can be written as
e (N - a)(scosh(a—1)b—bsin(a—1)b)

+e (N +1—a)((a —1)scoshab+(a—1)bsinh ab)
s> —b* ' (13)

L{coshbt K, (N:t)} =

For finding Laplace of L{sinh bt K, (N; t)} for N=5;a=0,1,2,3,4 and applying Laplace transforms over Kekre’s

function (1), the following results are displayed.

b
s —b*
—4b+5be”’ cosh b+5se”’ sinh b
bZ

L{sinhbt K, (5:1)}

L{sinhbt K, (5:1)} =
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_ -5 _ -5 —2s 25
L{sinhbt K2(5;t)} _ 3be™ coshb —3se "’ sinh b +4be " cosh 2b +4se ~* sinh Zb‘

s —b*
_2 25 h _2 25 h —3s h2 =35 2 h2
L{sinhbt K3(5;t)}= be " coshb —2se ™ sin bz+31'?bze cosh 2b +3se™™ sin b'
s —
_ —3s _ —3s5 —4s —4s -
L{sinhbt K, (S;t)}: be ™’ cosh3b —se sm3b:2§§ cosh4b + 2se smh4b‘
S —

Thus the generalized form of the transforms can be written as
e (N —a)(bcosh(a—1)b—ssin(a—1)b)
+¢ ™ (N +1-a)((a—1)bcoshab+(a—1)ssinhab)
s*—b’ ' (14)

L{sinhbt K,(N:t)} =

IV. RESULTS AND DISCUSSIONS

All the examples considering N =4 or N =5. These results can be calculated considering for any value of N . The results
can be extended to complex variables. The real and imaginary parts of the function will be obtained. The formula can be
proved in the similar manner. The elementary functions using Kekre’s function has been evaluated applying Laplace
transforms over it. At the end of examples the generalized representation of the Laplace transforms of Kekre’s function is
formulated.

V. CONCLUSION

Kekre’s function has been used in application to image processing and other computer engineering applications. This paper
shows mathematical interpretation of Kekre’s function, such that even Mathematicians can use it efficiently. Results are
displayed with their calculations and process of the existence of Kekre’s function.

VL. FUTURE SCOPE

This evaluations and observation done by the author in this work can help researchers for the elaborate study in this
direction. Evaluation and analysis can be done for higher orders. Continuous transforms of such functions can be studied.
Applications to different fields of engineering can fulfill the introduction of such function and its mathematical concept.
Table for all the Laplace transforms to Kekre’s function can be calculated.
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