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Abstract

Solving differential equations by integral transformations is a highly general method.
Using these powerful methods, mainly intractable problems may be conquered relatively
easily. Because of the difficulty of solving ordinary differential equations, this study
employs a novel integral transformation called the h-transform Related ideas, characteristics,
and methods for evaluating significance are also elaborated upon. Due to the precision
of the necessary transformations, the study of differential equations has inspired a new
way of thinking called HA -fuzzy transformation, which is used to solve, identify, and
classify impacted cells. Check whether the proposed method performs compared to other
translations, and discover what the results reveal about it.
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1. Introduction

Mathematicians use a method known as an integral transform
to convert the values of one set of functions to another. If you have a
function that has been transformed, you can put it back to its original
form by using the inverse transform[1,2,3]. We construct a novel integral
transform, which we call the HA -transform, and establish certain
theorems concerning it in this study [4-6, 12-18]. Fuzzy approximation
models frequently employ fuzzy transformations as a technique. A fuzzy
derivative was first proposed by Chang and Zadeh [7,8,8] in 1972, while
fuzzy differential equations [10,11] were first proposed by Kandel and
Byatt [8,9]. Abbasbandy and Allahviranloo (2002) [5] were the first to
suggest the idea of using a numerical solution to solve fuzzy differential
equations. This study builds on prior work by introducing an unique
fuzzy transform, the H-transform, that can be utilized to more precisely
solve fuzzy differential equations. It is shown that the measured drug
concentration may be interpreted using this fuzzy method. The plasma
concentration is commonly used as an indicator of a drug’s effectiveness.
The HA -transform kernel may be improved by including in this article.

Definition 1: Let 3(6) be an integrable function defined for 6 20, let
u(e)=cote, £ #0 be non-negative real functions, and ¥“)be a positive
function, then G(u(e), w(e))exists for all w(g) > u. Since

1G(u(e), w(e)ll =

u(e) j 3(6)6"’“’5(16‘
0

< u(e) j |F(8) | e ¥ ©%d5 < u(e) j Ae*Pe Vs SL)A,
0 0 H— W(S)

we have the following formula to describe its general integral transform
3(0):
o g

5] 3
74 *(27)5
HA{3(8),} = p(e) j 3(6) eV 5 —cote I Sy e e g
0 0

—1
Definition 2: Inverse HA-transform of is represented by HA [G(¢g)]
is a function that breaks up into pieces 3(6) on [0,)which satisfies
HA[3(8)| =Gle)
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2. H-Transform for Some Basic Functions:

Let us assume that 3(5) the integral in equation (1) holds true for any
function. Therefore, the H-transform’s case is (Table 1):

Table 1

The H-transform’s case for function 3(8)

Function 3(8) =T "{HA(e)}

HA(e) = HA{3(5), &)

3(8)=1

TTA e~ cote
HA{3(6), €} = h
Yeote

3(5)=5

H’Tq{s(5),€} _  cote .
e

Yeote

3(8)=06"

HA[3(8),¢) = T@Dote 550,
e
Ycote

3(0) =sind

HA(3(S),e} =<

2
2 ] +1
VZ cote

3(8) =cosd

HA{3(8),€} = t'{ﬂ%]
&)

3(8) =sinh &

HA{3(5) e} =— ¢
% ] .
Yeote

3(6) = cosh 6

2
3
cots[ \/E J
— \/2 cote

HA{3(8),¢) [ - ]271
Feote

3(8)=¢°

HA{3(5),€) = o
\/2 cote

-1

Theorem 1: Let J(5) is a continuous function with respect to 6 >0 and act as a

genuinely useful function, y(g) =

\2/ cote

, € = 0 be positive function then:

0 I?Z{S(a)',e}z[;ﬂ]ﬂ(e)—cots 3(0) ,

cote
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]n_ _ 3(0)*

(IIT) HA{3(5)", ¢} = [ zf_ ] HA(g) - cote i[

cote k=0

\/ cote

Proof:

36}5

(I) since I?A{S(& ', e} =otcot £T 3(8)'e { Yeote) g5, integrating by parts:
0

ro-ondsot 9] o
HA[J(8)', €} = cote| I(8)e ¥ +I J(S)e \Heore

3 cote

:[ 2 ]Hi(g)—cots 3(0) .

B,

(II) sinceﬁ?\{s(&”,s} =cot£T 3(8)"e [ deore dé, integrating by parts :
0

:[zszﬁ{S(é)',s}—coteS(O)':[%/i%] HA(e)—cot e

3
[ 2 ]:;(0) _cote J(0)"
% cote

(III) For this n - th derivative can be prove using mathematical

induction.

Theorem 2: Suppose thatJ (6)and 3,(8) functions that can be integrated
with I,-Izv‘l tmnsforms on [0, +x), If-lj‘l -transforms are established in the context
of €0, HA{S 5.(8)} =40, IiI\Z{SZ(e)}zH, Then the E;{-tmnsform of their
convolution 3, (€)* 3, (&) can defined by: 13;4{31 *3,}(e) = 1 o(eYH(e)

€

Proof:

s
te

&4
g \Jeote [3,8)3,(6-7)dr
0

HA(3,(€)* 3, (€)) = cot ST(Sl(e) * 52(8))6[2

=cote

P )
1
C°”] 3,(6-1)dr =;Hl(8)H2(8).

2

=cote

Ot 8 O 8

‘31(5)Te[
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Theorem 3: Let J(5) If the Laplace transform of a function is differentiable, then
the function is said to 3(5) and HA is HA -Transform of 3(5), then:

ﬁjﬁ(s) = cot eF[%/?ﬂ}
cote

[ Q/E )
Proof: From Definition 1: HA(e):HA[S((S);e]:coteJ.e[M} J(6)do,
0

0

since Laplace transform is denoted by F(p)=/| f(t);p]:je’”’ f(t)dt, Then

0

— 3

HA(g) = cotsF[ 2 }
cote

Theorem 4: Let J,(5),3,(0),...,3,(6) functions that are continuous possess

HA -transforms and p,, lL,,...)t, linearity trait is defined if and only if are chosen

at random

HA[p,3,(8)]+[1,3,(8)] + ...+ [, 3, (8)] = 1, HA[S, (6)]+ 1, HA[T, (8)]

+..+u, HA[S, ()]

Proof: Let 3,(6) and 3J,(8) consisting of continuous functions for § 20:
HA[u,3,(8) + 1,3,(8) +...+ 1, 3 (6)]

: {ep

= cote[[u,3,(8)+ 11,5,(8) + ..+ 1,3, ()] e ¥t/ ds

0

‘ {Zp . YEA
=C0t€I[#151(5)]e s d5+cot£j[u252(5)]e Feote ) g5
0 0

s o5
+..+cotef[u,3, ()] e deote ) 15
0

= 11, HA[S, (8))+ 1, HA[S,(8)] + ...+ 1, HA[S (8)]

4. Fuzzy H-Transform

Fuzzy differential equations have achieved extensive use over the past
decades owing to their various and varied applications[7,9]. This work
presents a novel approach to solving fuzzy differential equations[5,6] in
an effort to stay up with the field’s tremendous growth and advancement
in recent years. In this part, we apply the H-Transform to a genuine
problem—edge detection pictures from a blood film—after converting it
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into a fuzzy H-transform and introducing various attributes and fuzzy
theories of the first and second order.

Definition 3: Let (o) be a continuous fuzzy-valued function Suppose

- [,
that cots_[e [MJ ¢p(o)dois improper fuzzy Riemann-integrable on

0

o | Q/E o ~
[0,0), then cote I e [m] ¢(o)do is called H -transform and it denoted by:

0 , . (©
H[§0(O')] H(e) cote(\/\/—ijj [”t J ¢(0)do

cote

Sine from theorem 2 to get :
i 2
cotsj [ ] o(o)do = cotsj [ j ¢(o;¢)do, cotsj [ “"2‘ ] o(o;¢)do

Using the definition of classic H-transform:
()
HIp(o;9)] = cote j ) g(c;9)do,

2
H[(0;¢)] = cote j e (c;9)do

So: Hlp(0;9)1= Hlg(c;9)], HIF(0; )]

Theorem 5: Assume that ¢'(c) be continuous fuzzy-valued function and ¢(c)
the primitive of ¢‘(c) on [0,), then:

1. H[go (o)]= [%/\/;] Hlp(o)]&cotep(0), where ¢ is differentiable in the

cote

first form

2. I/-}[(p\\(O')]:—Cots(p(O)e{—;’/—iJH[(p(G)L where ¢ is differentiable in

cote
the second form

Proof: There are two scenarios that can arise due to the fact that ¢'(c) isa
continuous fuzzy-valued function.

Case 1: If ¢ is the first form, for any arbitrary ¢ [0, 1],
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Hlp\(0)]= HIp\(c,9)], H[F (0, )]

From Theorem 1/1:

Ncote

H[g'(0)]= [ jﬂt]H [¢(0,9)]-cote[9(0, )]

H[<o_\(o)1=[2% ]H[g(o,@]—cote[g(o,m]

By Theorem 2: Hp'(0)]= [;\/—i] Hig(o)1Scot ep(0)
cot

Case 2: If ¢ is the second form, for any arbitrary ¢ €[0,1],
Hlg(o)] = Hlg(o, ¢)], Hlp(c, 9)]

From Theorem 1/1:

H[p'(0)] =[ & JH[(ﬁ(O',(p)]—cots[z%

e » J[¢(0,¢)]

Hlg'(0)]= [ ] Hlg(o, )]~ Cots[ ][ (0,0)]

2\/ cote 2\/ cote

By Theorem 2 fl[qf(o)] =—cote {2 0(0)8 B Hlo(0)]
Yeote Yeote

Example 1 [11]: The plasma concentration of a medicine at any particular
moment is used to calculate the appropriate dosage of a tablet or capsule
taken orally. To illustrate, if we define n'(t) to be the rate at which a
medication from an oral dosage is absorbed by the body, then the human
body’s 1(t) response to a unit input of drug is a function of time. It will look
like this, mathematically speaking: 1'(t) = %n(t), n(0) = [n(0;9), n(v;0)]

There are two cases:

1. If n(t) is the frst form then:

fuzzy H-transform for both sides of original equation, we get:

I/-} [n'(H]= I/-} [1(t)] Last equation becomes:
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’\/— .
[%]H[ﬂ(f 9)]-coten(0;¢) = Hin(t; 9)],

3h
[%]H[n(t ¢)]—coten(0;9) = H[n(t; 9)],

So: H[n(t;9)] = < n(0;9), H[7(t; ® —L‘o;ﬁ
o: H[n(t; 9)] [ﬁ] n(0;9), H[n(t;9)] % 7117( )

Now we use inverse H-Transform for last equations:
% VE
nt;v)=e deote n0;9),nt; ) =e deote 1(0;9)

2. If n(o)is second form, then: By using FH-Transform for both sides
of original equation, we get: H[n'(0)]=H[n(c)] Last equation

becomes:
[iﬁg]H[ﬁ(t,‘ ) _COtg[g/Z%Jﬁ(O;ﬂ) =H[n(t;¢)],

% %
[ ] HI(t:0)] - cote[%i

Ty Cotsj n(0;¢) = H[n(t;¢)]

By solve above equation:

cots[ %/— ]2 cots[ % Jz
2 2
Hin o)l = 00—V n(0;0)

=)
o
CO€2
-19)—37@17(01»

7

2 -1
2\/ cote

=
cote 2
HIT( 9)] = 37@1@

EIRaEs
Feote Yeote

Now we use inverse H-Transform for last equations:

P - P _
0;9) = cosh tn(0; %) —sinh—=—£n(0;),n(0; ¥
n(0;9) s n(0;9) Vs 1(0;9),1(0;9)
3
—coshZ\/— tn(0;9) - smh b m(0;%)

cote Cot £
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5. System Analysis and Design:

In this part, various image processing approaches were used to
achieve Automatic Border (Types of Diseases) Identification, and then it
will be classified with theoffuzzy H-transform. The developed system
works on RGB color images with size 128 x 128 pixel. The system is built

with four primary processes these are explained in Figure (1).

H-Transform Decomposition
Inputimage [ Border Identification

‘—b Features extraction | Final classification —»

Figure 1

+

Main stages for the Automatic Border (Leukemia) Identification

Clustering approaches were presented as a means of distinguishing
lymphoblasts from normal blood cells. Once an image has been pre-
processed, feature extraction can be performed to gain insight into the
image. There is no other purpose served by the pre-processing processes.
It provides no essential details about the image. Since the image isn't
immediately clear after acquisition, contrast augmentation is required.
After an RGB image has been transformed to the HSI color model, a
clustering approach is used to create individual segments. To clean up
an image, a median filter is applied. Once features have been extracted,

images can be sorted using clustering methods.
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Table 2

Main stages for the Automatic Border (Leukemia) Identification

Case one | The original image | fuzzy H-transform | fuzzy H-transform
Edge
detection

histogram

Density | 4
function

Table 3

Case one for the Automatic Border (Leukemia) Identification

Case two | The original image | fuzzy H-transform | fuzzy H-transform

Edge o A g O
detection 3 c -

histogram
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Density
function

Table 4

Case two for the Automatic Border (Leukemia) Identification

Case three | The original image | fuzzy H-transform | fuzzy H-transform

Edge
2 e .

detection ' ;

histogram

o8 8 B &

Density
function

Conclusion:

This research proposes the methodology of classifying Leukemia
disease and dividing it into four stages using a new technique called
(H-transform), where the data set consists of 30 images. It gives excellent
results, as it gives preference to choosing the optimal solution for the
proposed conversion, unlike the rest of the transformations, which do
not provide such solutions. The conversion efficiency was also tested by
distinguishing through statistical parameters, as is evident in the tables
(Table 2, Table 3, Table 4) for each case, adding to the speed of results in
terms of time and calculations.
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