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Abstract: Neutrosophication is the process of converting crisp values into neutrosophic values,
which is considered the first and basic step for any processing system that depends on the
neutrosophic logical relationships and features, especially those that take into account
indeterminacy values that result from ambiguity, noise, or inaccuracy. In this paper, we have
presented a set of neutrosophication functions by modifying the functions used in fuzzy logic
(trapezoid, triangle, gauss, bell-shaped, s-shaped, z-shaped) in a way that preserves the essence of
the neutrosophic logic philosophy and the independence of truth, indeterminacy, and falsity values
for each element of the neutrosophic set. Neutrosophication functions have also been implemented
through the use of a suggested MATLAB code. It is possible through the proposed
neutrosophication functions to build neutrosophic processing systems, especially digital image
processing systems, by converting the crisp values of the pixels of the digital image to neutrosophic
values using the proposed functions. Then, by building on the neutrosophic logic operations and
the related researches, the new neutrosophic values are processed, after which they are returned to
their crisp values through de-neutrosophication.
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1. Introduction

The proof of any mathematical matter depends mainly on making logical and mathematical
steps on a set of data and hypotheses to reach the objective results. This importance prompts pure
and applied mathematicians permanently and continuously to develop and infer logical relationships
in accordance with the shape and features of the new and different groups of mathematical,
descriptive and arithmetic values. In this context, neutrosophic logic was founded in 1995 by the
American professor Florentin [1,2] to develop logical philosophy through the definition of the
neutrosophic sets and the resulting definitions, consequences, and neutrosophic logical relationships
[3-6].

What distinguishes the neutrosophic sets from other preceding sets, such as intuitionistic and n-
hyperspherical fuzzy sets [2], is that they add an independent value: the degree of indeterminacy.
Consequently, each element of the neutrosophic set is expressed by (T, I, F), where (T) degree of truth-
membership, (I) degree of indeterminacy-membership, (F) degree of falsehood-membership. These
three values are completely independent.
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Importance of the neutrosophication functions comes from the fact that any neutrosophic data
processing system [7-11] must start by converting the given values into neutrosophic values, using
the neutrosophication functions.

Few researchers have made proposals for some of the neutrosophication functions. Broumi,
Nagarajan, Bakali, and Talea (2019) [12] have introduced neutrosophic trapezoidal function and
implementation using MATLAB program. Faruk Karaaslan (2018) [13] has studied neutrosophic
gaussian function and its application about decision making. Chakraborty, Mondal, Ahmadian, Senu,
Alam, and Salahshour (2018) [14] also have a study on neutrosophication and de-neutrosophication
by neutrosophic triangular function, and their applications.

The previous researches have studied one function separately from the other functions and
assumed that the value of truth-membership degree, indeterminacy-membership degree, and
falsehood-membership degree was calculated according to one form of the neutrosophic functions.

This research is divided into 5 parts. Part 2 discusses preliminaries about the neutrosophic set.
Part 3 presents new neutrosophication functions. Part 4 proposes MATLAB code for these
neutrosophication functions. In part 5, we have concluded our research.

2. Neutrosophic Set [8]

Neutrosophic set was founded by Prof. Smarandache in 1995 and was published in 1998. It
was an extension of many existing sets, such as spherical, intuitionistic, inconsistent intuitionistic,
and g-rung orthopair fuzzy set. For any variable v in the neutrosophic set N, it is described by
(t,i, f), where:

t = Ty(v): Truth-membership function, for any v in the neutrosophic set N, where:

Ty(wv): N - 07, 1]

i = Iy(V): Indeterminacy-membership function, for any v in the neutrosophic set N, where:
Iyw): N - 07,1

f = Fy(v): Falsehood-membership function, for any v in the neutrosophic set N, where:
Fy(w): N - ]07,1%[

3. Neutrosophication Functions

The functions used to convert the crisp values into neutrosophic values are called
neutrosophication functions. For each function fun [15], we distinguish two types in neutrosophic
logic:
funy: function values starting from zero (down to up).
funy: function values starting from one (up to down).

The truth-membership, indeterminacy-membership and falsehood-membership functions take
their forms from the proposed functions independently of each other, and they do not necessarily
take the same form.

3.1. Neutrosophic trapezoidal function (ntpf)

The ntpf is defined by specifying 5 parameters (a, 8, v, §, w) where:
(a,B,7,6) are the vertices of the trapezoid.
(w) represents the height of the neutrosophic trapezoidal function.
Neutrosophic trapezoidal function is defined as:

0 x<a
w(x—a)
o a<x<p
ntpfo(x,a,B,v,8,w) = w B<x<y = max(min (%,w,%j))ﬂ)
w(-x)
e y<x<$6
0 §<x
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or
1 x<a
ETLILD Ry
—q— _ S—v—w(s—
ntpf;(x,a,B,v,8,w) = 1-w B<x<y = min | max M,I—W,M ,1
B-a §—vy
6_ygff_x) <x<6
1 §<x

Example 1. The diagrammatic representation of ntpf,(x,0.2,0.6,0.7,1,0.5) and ntpf;(x,0.3,0.5,0.8,0.9,0.8) is
shown in figure 1.
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Figure 1. ntpf, and ntpf; for example 1.

3.2. Neutrosophic triangular function (ntgf)

The ntgf is defined by specifying 4 parameters (a, 8, y, w) where:
(a, B,v) are the vertices of the triangle.
(w) represents the height of the neutrosophic triangular function.
Neutrosophic triangular function is given as:

0 x<a
w(lx —a) <x<p
_) B-a -7 B (wlx—a) wy —x)
ntgfo(x»arﬁr%w)— W(y—x) <5 = max(mm( 'B—a , y—‘B )’0)
y—8 -
0 X
or
1 x<a
B—a—-—wlk-—a)
ntgfi(x,a,B,y,w) = B wsr=d —min(max<ﬁ_a_w(x_a)V_B_W(y_x)) 1)
1 ’ ! ! ’ - - - - - ’ )
|y ﬁyfg 2 B<x<y p-a v—8
\ 1 y<x
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Example 2. The graphic representation of ntgf,(x,0.2,0.6,0.7,0.9) and ntgfi(x,0.3,0.6,1,0.5) is

shown in figure 2.
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Figure 2. ntgf, and ntgf; for example 2.

3.3. Neutrosophic (S and Z)-shaped function (nszf)

The nszf is defined by specifying 3 parameters (e, §, w) where:

(a, B) they control the start and end of the bend.

(w) represents the height of the neutrosophic (S and Z)-shaped function.
Neutrosophic (S and Z)-shaped function takes the form:

( 0 x<a
) X — a\>2 < <a+ﬁ
W(ﬁ—a) 1=r=7
nszfo(x, a, B, w) = x—B\? a+p
W_zw(ﬁ—a> 2 <x=<p
l w B <x
or
1 x<a
_ 2
1—2w(;_‘:) ansa;rﬁ
nszf, (x,a, B,w) = X —B\2 a+p
1—w+2w(m) > sx<p
{ 1-w B<x

Example 3. The diagrammatic representation of nszf,(x,0.3,0.7,0.8) and nszf;(x,0.3,0.7,0.8) is

shown in figure 3.
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Figure 3. nszf, and nszf; for example 3.
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3.4. Neutrosophic generalized bell-shaped function (ngblf’)

The ngblf is defined by specifying 4 parameters (a, 5,¥, w) where:
(a) represents the width of the shape.
(B) is the intensity of the bend on the sides, whenever the value of f increases the bend becomes

more intense.
(y) is the center of the shape.

(w) represents the height of the neutrosophic generalized bell-shaped function.

Neutrosophic generalized bell-shaped function is given by:

or

w
ngblfy(x,a,B,y,w) = T x—yF
1+

L

e

ngblfl(x! a!ﬁ!Yr W) =

Example 4. The graphic representation of ngbif;(x,0.2,3,0.6,1) and ngblf;(x,0.3,7,0.6,0.8) is shown

in figure 4.
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Figure 4. ngblf, and ngblf; for example 4.

3.5. Neutrosophic gaussian function (ngsf)

The ngsf is defined by specifying 3 parameters (a, f, w) where:
(a) represents the standard deviation for shape.
(B) itis the center of the shape.
(w) represents the height of the Neutrosophic gaussian function.
Neutrosophic gaussian function is defined as:

or

—(x=B)*
ngsfo(x, a, B,w) = we 2a?

-(x-p)?
ngsfi(x,a,B,w) =1—we 2a2

!
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Example 5. The diagrammatic representation of ngsfy(x,0.1,0.6,0.9) and ngsf;(x,0.3,0.6,0.3) is

shown in figure 5.
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Figure 5. ngsf, and ngsf; for example 5.

3.6. Neutrosophic sigmoidal function (nsmf)

The nsmf is defined by specifying 3 parameters (e, §, w) where:
(a) controls the width of the transition area.
(B) defines the center of the transition area.
(w) represents the height of the Neutrosophic sigmoidal function.
Neutrosophic sigmoidal function takes the form:

w

nsmfo(x, a,ﬁ,w) = m
or

1+ e 90h) —y

1+ eGP

nsmf;(x,a, B, w) =

Example 6. The graphic representation of nsmf;(x,15,0.5,1) and nsmf;(x,15,0.5,0.4) is shown in figure 6.
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Figure 6. nsmf, and nsmf; for example 6.
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4. Proposed MATLAB code to neutrosophication functions

In this section, neutrosophication functions have proposed using MATLAB program, a graphic
representation has been given for the different membership values, and the MATLAB code has been
designed as follows:

function [y,z,t]=nfun(x,tt,ii, ff)

y= feval(tt{1},x,tt);

z=feval(ii{1},x,ii);

t=feval(ff{1},x,ff);

plot(x,y,x,z,x,t);

legend('Truth-membership function', Indeterminacy—membership function','Falsehood-membership function');

end

%6%0% 6% % 0% %o Yo% 160 %0 % 10 % %o 1o % %o Yo% 10 %0 % 10 % %o Yo% Yo

function [y]=ntpf(x,tt)

y = trapmf(x,[tt{3} tt{4]} tt{5} tt{6}])*tt{end};

if(tt{2}==1)

y=ly;

end

end
function [y]=ntgf(x,tt)

y = trimf(x,[tt{3} tt{4} tt{5}])*tt{end};
if(tt{2)==1)

y=ly;

end

end

function [y]=ngsf(x,tt)

y = gaussmf(x,[tt{3} tt{4}])*tt{end};
if(tt{2}==1)

y=ly;

end

end

function [y]=ngblf(x,tt)

y = gbellmf(x,[tt{3} tt{4} tt{5}])*tt{end};
if(tt{2}==1)

y=ly;

end

end

function [y]=nsmf(x,tt)

y = sigmf(x,[tt{3} tt{4}])*tt{end};
if(tt{2}==1)

y=ly;

end

end

%% % 6% % 0% % Yo% %o %0 % 1% %o Yo% %o Yo% 10 %0 %o 10 % %o Yo% Yo
function [y]=nszf(x,tt)

y = smf(x,[tt{3} tt{4}])*tt{end};
if(tt{2}==1)

y=ly;

end

end

%%% 6% % 0% %o Yo% %o %0 % 1% %o Yo% %o Yo% 10 %0 % 10 % %o Yo% Yo
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Example 7. The figure 7 represents the truth-membership function ntpf;,(x,0.3,0.4,0.8,0.9,1), indeterminacy—
membership function ntgf;(x,0.2,0.4,1,0.6), and falsehood-membership function ngsf;(x,0.1,0.6,0.7) by
writing the code in the MATLAB program below:

x=0:0.01:1;

% {'fun name', O=fun0 or 1~funl, fun parameters}

tt={'ntpf',0,0.3, 0.4,0.8,0.9,1};

ii={'ntgf",1,0.2, 0.4, 1,0.6};

ff={'ngsf’,1,0.1, 0.6, 0.7};

% [y,z,t]l=nfun (x, truth, indeterminacy, falsehood)

[y, z tl=nfun(x,tt,ii,ff);

‘ Truth-membership function
0% I e rmnsc y-mamberstug unction
Falgahood-mambearsh funclion

08 e -

(543 % \ i
08 \f \ |
(£33 { l / \
0¢ o A \ / |
03+ f ‘|
02 | |

01 | |

Figure 7. Represents neutrosophic functions in the example 7.

Example 8. The figure 8 represents the truth-membership function ngblfy(x,0.2,4,0.5,1), indeterminacy—
membership function nszf;(x,0.1,0.7,0.9), and falsehood-membership function ntgfi(x,0.1,0.5,0.9,1) by
writing the code in the MATLAB program below:

x=0:0.01:1;

tt={'ngblf',0,0.2, 4,0.5,1};

ii={'nszf',1,0.1, 0.7, 0.9};

ff={'ntgf',1,0.1, 0.5,0.9, 1};

[y, z,tl=nfun(x,tt,ii,ff);

1 T

/ Tath-membership function
0y |' Indelecminacy-membership unction
Falsehood-membsrshg Lncton

03 J 1

ozt . '
o6 ' N \ ./ ]
05 % ‘ 4'.‘ 4
0t |
03} | '. ‘ . '
02 / \ X \

01 "‘,v' ~ \

00 o1 Df2 03 04 05 06 07 0B 09 1

Figure 8. Represents neutrosophic functions in the example 8.
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Example 9. The figure 9 represents the truth-membership function ntpf,(x,15,21,26,35,1), indeterminacy—

membership function nsmfy(x, 1,35,0.6), and falsehood-membership function ngsf; (x, 5,24, 1) by writing the
code in the MATLAB program below:

x=10:40;

tt={'ntpf’,0,15, 21,26,35,1};
ii={'nsmf',0,1, 35,0.6};
ff={ngsf',1,5, 24, 1};

[y, z tl=nfun(x,tt,ii,ff);

1

[ | = Tnth-memdership function
0s | Indelarmnacy-membarship lunction

- F alsahood-mambership unchon

03

07t
06
s '
04 :
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01

A

a A‘ A 3 -
10 15 20 25 10 35 40

Figure 9. Represents neutrosophic functions in the example 9.

5. Conclusions

By taking advantage of the most important functions used in the different fuzzy processing

systems, we introduced the neutrosophication functions in a way that preserves the properties and
independence of the values of truth, indeterminacy, and falsity. These functions have been
graphically represented using MATLAB by proposing a code for that.

Our current research is an important reference for writing papers related to neutrosophic

processing systems by relying on the proposed functions, and this is what we will work on in the

future in relation to digital image processing, in particular denoising digital images using
neutrosophic logic.
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