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Abstract: In this paper, we analyze the basic algebraic operations of neutrosophic crisp sets and
their properties, show that some operations of neutrosophic crisp sets with type 2 and type 3 are
not closed by counter examples, and give some new operations. Then, discuss some morphological
operators in neutrosophic crisp mathematical morphology, and study the application to edge
extraction of color images, and give some Python programs and related experimental results.
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1. Introduction and Preliminaries

The theory of neutrosophic set is established by F. Smarandache, and it is applied to many areas
such as non-classical logics, decision science, image processing, algebraic systems and so on [1-8]. In
2014, A.A.Salama and F.Smarandache introduced the new concept of neutrosophic crisp set, and
studied the basic operations of neutrosophic crisp sets [9, 10]. On the other hand, mathematical
morphology is a branch of image processing, which arose in 1964 [11, 12], and it is generalized to
fuzzy mathematical morphology [13]. In 2017, the two research areas are associated, and the new
notion of neutrosophic crisp mathematical morphology is firstly proposed [14]. Then, some new
articles on this research direction are published [15, 16, 17]. This paper will carry out exploratory
research along this direction, mainly discussing the operation and properties of neutrosophic crisp
sets, and studying the application of neutrosophic crisp mathematical morphology in color image
processing (previously only applied research on binary images and gray images).

At first, let's review some basic concepts in neutrosophic crisp set and neutrosophic crisp
mathematical morphology.

Definition 1.1 ([9, 10]) Let X be a non-empty fixed sample space. A neutrosophic crisp set (NCS
for short) A is an object having the form (A1, A2, As) where A1, A2 and Asare subsets of X.

Remark 1.1. In this paper, the set of all neutrosophic crisp sets of X will be denoted NCS(X).

Definition 1.2 ([9, 10]) The object having the form A=(A1, Az, As) is called:

(a) A neutrosophic crisp set of Type 1 (NCS-Type 1) if satisfying
A1NA=T, AiNAs=J and AxNA=J.

(b) A neutrosophic crisp set of Type 2 (NCS-Type 2) if satisfying
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@ o0 AiNA>=J, AiNA=D, AonA=, and A1UA2UA=X.
(c) A neutrosophic crisp set of Type 3 (NCS-Type 3) if satisfying
A1nAnAs=J and AivAUA=X.

Remark 1.2. In this paper, the set of all neutrosophic crisp sets of Type 1, Type 2 and Type 3 of
X will be denoted NCS1(X), NCS2(X) and NCS3(X), respectively.

Definition 1.3 ([9, 10]) Let A=(A1, A2, As) be a NCS in X, then the complement of the set A may
be defined as three kinds of complements:

(C1) A9=(A1€, A2€, AsC), where A1€, A2€ and As € are the complement of the set A1€, A2C€ and As;

(C2) AC=(As, Az, Ar);

(C3) AB=(As, A2€, A1), where A2C€ is the complement of the set Az.

Definition 1.4 ([9, 10]) Let X be a non-empty set, and the NCSs A and B be in the form A=(Ai,
Asz, As), B=(By, Bz, Bs). The inclusion relation may be defined as two types:

Type 1. AciB if and only if Aic Bi, A>c B2 and Aso Bs;

Type 2. Ac2B if and only if Aic B1, A2> B2 and As> Bs.

Definition 1.5 ([9, 10, 14]) Let X be a non-empty set, and the NCSs A and B be of the form
A=(A1, A2, As), B=(B1, B2, Bs). Then
(1) the intersection of A and B may be defined as two types:
Type 1. AriB = (A1nB1, A2N\B2, A3UBs);
Type 2. AreB = (Ai1nB1, A2UB2, A3\UBs).
(2) the union of A and B may be defined as two types:
Type 1. AuiB = (A1UB1, A2UB2, AsMBs);
Type 2. AU2B = (A1UB1, A2N\B2, AsMBs).

Remark 1.3. In the papers [9, 10], the union with type 1 of A and B is written by AuiB = (A1UBs,
A2xnB2, A3UBs). We think that this is a typographical error. In [14], the operation has been changed to
the above definition.

Definition 1.6 ([9, 10]) Let X be a non-empty set. Then
(1) o~ may be defined as the following four types:
(a) Type 1: pm=(J, I, X),
(b) Type 2: n=(J, X, X),
(c) Type 3: ons=(J, X, D),
(d) Type 4: pna=(D, D, D).
(2) X~v may be defined as the following four types:
(a) Type 1: Xm=(X, &, &),
(b) Type 2: Xn2=(X, X, ©O),
(c) Type 3: Xns=(X, O, X),
(d) Type 4: Xne=(X, X, X).

Now, we introduce some basic concepts in mathematical morphology. Consider the space E =
R or Zr, with origin O = (0, ..., 0). Given AcE, the complement of AcCE is A°=E\A, and the
transpose or symmetrical of A is A" = {-x|xeA}. For every peE, the translation by p is the map E—>E:
x—x+p; it transforms any subset A of E into its translate by p, Ay= {x+plxeA}. Most morphological
operations on sets can be obtained by combining set-theoretical operations with two basic operators,
dilation and erosion. The latter arise from two set-theoretical operations, the Minkowski addition &
(Minkowski, 1903) and subtraction ® (Hadwiger,1950), defined as follows for any A, BeP(E):

A®B=A =B, ={a+blacAbeB}

beB acA

AOB=| A,={peE|B, c A}

beB
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Formally speaking, A and B play similar roles as binary operands. However, in real situations,
A will stand for the image (which is big, and given by the problem), and B for the structuring
element (a small shape chosen by the user), so that A®B and A®B will be transformed images.

Definition 1.7 ([11]) We define the dilation by B, 0s: P(E)—>P(E); A>A®B, and the erosion by B,
es: P(E)>P(E); A>AG®B.

It should be noted that dilation and erosion are dual by complementation, in other words
dilating a set is equivalent to eroding its complement with the symmetrical structuring element:

(A®B)C= ACOB"; (A®B)C= AC®B".

Definition 1.8 ([14]) Let X = R* or Z7, A, BeNCS(X). Then we define two types of the
neutrosophic crisp dilation as follows:

Type 1: A®1B=(A1®B1, A2®B2, AsOBs);

Type 2: A®:B=(A1®B1, A20B>, A30Bs).

Definition 1.9 ([14]) Let X = R or Z7, A, BeNCS(X). Then we define two types of the
neutrosophic crisp erosion as follows:

Type 1: A®1B=(A10B1, A20B2, As®Bs3);

Type 2: A®2B=(A10B1, A2®B>, As®Bs).

2. On Some Operations of Neutrosophic Crisp Sets

For NCS-Type 3, the complement of A=(A1, A2, A3)eNCS3(X) of type 3 in [9] (Definition 3.5) or
[10] (Definition 1.1.10) is defined as following:
AB=(As, A2€, A1), where A2C is the complement of the set Az.
The following example shows that the definition above is not well, since A may be not an NCS-
Type 3.

Example 2.1 Let X=1{a,b,c, d, ¢, f, g}, A=({a, b, c}, {b, ¢, d, e}, {a, ¢, f, g}). Then A is an NCS- Type 3
in X, that is, AeNCS3(X). But
AS=({a, ¢, f, g}, {a, f, g}, {a, b, c}) eNCS3(X), since {a, ¢, f, g}la, f, glla, b, c} = {a} 2 &.

Moreover, the intersection and union operations of neutrosophic crisp sets are not applied to
NCS-Type 2 and NCS-Type 3, since they are not closed, and some counterexamples are shown as
follows.

Example 2.2 Let X = {a, b, ¢, d, e}, A=({a, b}, {c, d}, {e}), B=({a}, {b, c}, {d, e}). Then A, BeNCS2(X).
But

Type 1. AruB = (A1nB1, A2nB2, A3UBs) = ({a}, {c}, {d, e})2NCS2(X);

Type 2. AreB = (A1nB1, A2UB2, A3UBs) = ({a}, {b, ¢, d}, {d, e})eNCS2(X).

Example 23 Let X ={a, b, ¢, d, ¢, f}, A=({a, b, f}, {c, d}, {d, e, fi), B=({la, A1, {b, f}, {c, d, e}). Then A,
BeNCS3(X). But

Type 1. AruB = (A1nB1, A2nB2, A3UBs) ={{a, f}, &, {c, d, e, f}) e NCS3(X);

Type 2. AruB =(A1nB1, A2UB2, AsUBs)y={{a, f}, {b, ¢, 4, fl, {c, d, e, f1)2NCS3(X).

Example 2.4 Let X = {a, b, ¢, d, e}, A=({a, b}, {c, d}, {e}), B=({a}, {b, c}, {d, e}). Then A, BeNCS2(X).
But

Type 1. AuiB = (A1UBs1, A2UB2, AsnBs) = ({a, b}, {b, c, d}, {e})eNCS2(X);

Type 2. Au2B = (A1UB1, A2nB2, AsnBs) = ({a, b}, {c}, {e})eNCS2(X).

Example 25 Let X ={a, b, ¢, d, ¢, f}, A=({a, b, f}, {c, d}, (b, e, f}), B=({a, f}, (b, f}, {b, ¢, d, e}). Then A,
BeNCS3(X). But

Type 1. AuiB = (A1UB1, A2UB2, AsnBsy={{a, b, f}, {b, ¢, d, f}, {b, e}) eNCS3(X);

Type 2. AuzB = (A1UB1, A2nB2, AsnBs)y ={{a, b, f}, &, {b, e})eNCS3(X).

X.Zhang et al., On Neutrosophic Crisp Sets and Neutrosophic Crisp Mathematical Morphology



Neutrosophic Sets and Systems, Vol. 43, 2021 4

In [10] (Proposition 1.1.1), the authors show that ¢v cA and AcXv where AcNCS(X). But the
following examples show that this result is not true.

Example 2.6 Let X = {1, 2, 3, 4, 5}, A=({1, 2, 3}, {4}, {5}). Then

on=(D, B, X) 22 A, A1 Xn=(X, B, D );

on=(D, X, Xy z1A, A1 Xe=(X, X, D );

on=(D, X, DY z1A, ons=(D, X, By 22 A, A a1 Xus=(X, D, X), A @2 Xus=(X, D, X);
on=(D, B, DY 214, pni=(D, B, By 22 A, A 1 Xu=(X, X, X), A z2 Xni=(X, X, X).

Proposition 1.1.1 in [10] should be revised to the following result (the proof is omitted).

Proposition 2.1 Let A=(A1, A2, As) be an NCS in X, then
1) pm=(F, D, X) 1A, and A <1 Xvo=(X, X, D );
(2) pn=(F, X, X) <2 A, and A <2 Xvi=(X, T, D).

In [10] (Proposition 1.1.2), the authors show that De Morgan law hold for neutrosophic crisp
sets. But the following examples show that this result is not true.

Example 2.7 Let X = {1, 2, 3, 4, 5}, A=({1, 2, 3}, {4}, {5}), B=({1, 2}, {3, 4}, {5}). Then
(AmiB)2=({1, 2}, {4}, {5}) 2= ({5}, {4}, {1, 2}),
AuiBe=({5), {4}, {1, 2, 3}y ui({5), 3, 4}, {1, 21y= ({5}, {3, 4}, {1, 2}) = (AruB)c2

Example 2.8 Let X ={1, 2, 3, 4, 5}, A=({1, 2, 3}, {4, 5}, {5}), B={1}, &, {2}). Then

(AmeB)“i= ({1}, {4, 5}, {2, 5}) '=({2, 3,4, 5}, {1, 2, 3}, {1, 3, 4}),

At 2BCl=({4,5},{1,2,3},{1, 2, 3, 4}) u1({2, 3,4, 5}, {1,2,3,4,5}, {1, 3,4, 5= ({2, 3,4, 5}, {1, 2, 3,
4,5}, {1, 3, 4}) = (AneB)cL.

Proposition 1.1.2 in [10] should be revised to the following assertion.

Proposition 2.2 Let X be a non-empty set, and the NCSs A and B be of the form A=(A1, Az, As),
B=(Bi, B2, B3). Then

(1) (ArB)Cl= A1 1 BC1, and (AuiB)Cl= ACi~ BSY;

(2) (ArB)3= A®\ 1 BS3, and (AuiB)® = AS1 BS3;

(3) (Am2B)c2= A2 U1 B2, and (AW2B)2= A1 B,

(4) (Ar2B)®= A®\ 2 B3, and (AU2B)3= AS:2 BS,

Proof. (1) By the definitions of the complement ¢!, intersection and union (see Definition 1.3
and Definition 1.5) we have

(ArB)&

=(A1nB1, A2nB2, A3UBs)c!

= {((A1nB1)C, (A2nB2)S, (A3UBs3)C)

= (A1€UB1€, A2CUB2C, AsC NBs©)

= (A€, A2C, AsC) Ui (Bi€, B2C, BsC)

= (A1, Az, A3)C1\ i1 (B, Bz, B3)C!

= ACl U B4,

Similarly, we can get that (Au1B)' = A1~ BCL

(2) By the definitions of the complement &, intersection and union (see Definition 1.3 and
Definition 1.5) we have

(AruB)c3

=(A1nB1, A2nB2, A3UB3)®

= (A3UBs, (A2nB2)<, AinBa)

= (A3UBs, A2°UB2¢, AinB1)

=(As, A2C, A1) Ui (Bs, B2S, B1)

= (A1, Az, A3)®3 Ui (B1, B2, B3)©3

= AC3\; BG3,
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Similarly, we can get that (Au1B)®@= A1 BS.

(3) By the definitions of the complement ©, intersection and union (see Definition 1.3 and
Definition 1.5) we have

(Ame2B)<2

=(A1NB1, A2UB2, A3 UB3)?

=(A3UBs, A2UB2, AinB1)

=(As, A2, A1) U1({Bs, B2, B1)

= (A1, Az, A3)2 U1 (B1, B2, B3)©2

= A2y B

(AuzB)<2

= (A1UB1, A2nB2, AsN\B3)©?

=(AsnBs, A2nB2, A1UB1)

=(As, A2, A1) m1{Bs, B2, B1)

= (A1, A2, A3)2 1 (B1, B2, B3)<2

= AC2~ B2

(4) By the definitions of the complement &, intersection and union (see Definition 1.3 and
Definition 1.5) we have

(Ame2B)<

=(A1NB1, A2UB2, A3UB3)®3

= (A3UBs, (A2UB2)C, A1nBa)

= (A3UBs, A2‘N\B2¢, AinB1)

=(As, A2C, A1) L2 (Bs, B2S, Bi1)

= (A1, Az, A3)3 U2 (B1, B2, B3)©3

= AC U, B3,

(Au2B)

= (A1UB1, A2nB2, AsNB3)®3

= (AsNBs, (A2nB2)<, A1UB1)

= (AsnBs, A2CUB2C, A1UB1)

=(As, A2C, A1) ™2 (Bs, B2S, B1)

= (A1, A2, A3) m2(B1, B2, B3)©3

= AC3 ~y BC3.

Next, we give some new operations on neutrosophic crisp sets.

Definition 2.1 [18] Let X be a non-empty set, and the NCSs A and B be of the form A=(Aj,
Az, As), B=(B1, B2, Bs). Then we can define the intersection and union with type 3 as follows:

Type 3. ArsB = (A1NB1, A2n\B2, AsMBs);

Type 3. AUsB = (A1UB1, A2UB2, A3UBs).

Definition 2.2 Let X be a non-empty set, and A=(A1, A2, As), B=(B1, B2, Bs)e NCS2(X) or NCS3(X).
Then we can define the intersection and union with star * as follows:

AN'B =(A1nB1, X— (A1nB1)U(A3UBs), A3UBs);

AUB = (A1UB1, X— (A1UB1)U(A3MBs), AsN\Bs).

We can easily verify that the following asserts are true (the proofs are omitted).

Proposition 2.3 Let A=(A1, A2, As), B=(B1, B2, Bs) be two NCSs in X, then
(1) (AmsB)Ct= AClis BCL, and (AwsB)Cl= ACl~ BCL
(2) (AmsB)C2= A2 3 B2, and (AusB)C2= A2z B2,

Proposition 2.4 Let X be a non-empty set, and A=(Ai1, A2, As), B=(B1, Bz, B3)eNCS2(X) or
NCS3(X). Then An-B, Au-BeNCS2(X) or NCS3(X), and

(1) (An'B)C1= Act U BY1, and (AU'B)C1= ACl ' B,

(2) (An'B)2= A2 B2, and (AU'B)©2= A2 B2,
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3. On Neutrosophic Crisp Mathematical Morphology and Applications

In this section, we firstly give the new definitions of neutrosophic crisp dilation and erosion,
and then applies them to the edge segmentation of color images. It should be noted that the
neutrosophic crisp morphology operations can only be applied to binary image processing before,
and our innovative method is as follows: (1) the color image is divided into three grayscale images
according to three color channels (R, G, B); (2) three grayscale images are converted to binary value
images, respectively; (3) the neutrosophic crisp dilation and erosion operations are applied to them
respectively (we use three kinds of operations for comparison); combine the results of the three
color channels to obtain the binary value edges of the original color image.

Definition 3.1 Let X = R or Z*, A, BeNCS5(X). Then we define new neutrosophic crisp dilation
and erosion as follows:

A®3B=(A1®B1, A2®B>, As®Bs);

A®3B=(A10B1, A20B2, As®Bs).

Remark 3.1. In this paper, for binary value image (as a multidimensional vector), the
operations “x+y” and “x—y” will be replaced by “max{x, y}” and “min{x, 1-y}”, respectively.

Now, we apply three different neutrosophic crisp morphological operators (see Definition 1.8,
Definition 1.9 and Definition 3.1) to extract the edges of the color image (as shown in the figure 1).

Figure 1. The original color image.

First, the RGB three channels of the original image are separated into three grayscale images.
We use Python program as follows, and the separation results are shown in Figure 2 (a), (b) and (c).

Python Program 3.1

from PIL import Image # import Image class , from PIL package

from matplotlib import pyplot as plt # import pyplot class , rename it ply

import cv2 # import the cv2 package

import numpy as np # import the numpy package and rename it np
imgl = pltimread('yellow_duck.jpg") # read the picture to be used

red =imgl[:,:,0] # get the red channel of the picture

green =imgl[:,: 1] # get the green channel of the picture

blue = imgl[:,:,2] # get the blue channel of the picture

(a)

Figure 2. Separated three grayscale images: (a) R-channel; (b) G-channel; (b) B-channel.
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Second, binarize the above three gray images to obtain three black and white images, see
following Python program and Figure 3 (a), (b) and (c).

Python Program 3.2
# Define a function to convert grayscale image to binary image
def threshold(img, Maxvalue,choice):
array=(cv2. THRESH_BINARY,cv2. THRESH_BINARY_INV,cv2. THRESH_TRUNC,cv2.TH
RESH_TOZERO,cv2. THRESH_TOZERO_INV,cv2. THRESH_BINARY)
ret, binary = cv2.threshold(img, Maxvalue, 255, array[choice])
return binary
# call threshold function to convert the grayscale images of the three channel into binary
images respectively.
A1 = threshold(red,90,0)
A2 = threshold(green,130,0)
A3 = threshold(blue,90,0)

@ A | (b) Az (¢) As

Figure 3. The binarization results of the three gray images: (a) A1; (b) Az (b) As.

Third, by Definition 3.1, we obtain the binary value edges of the three channels, that is, putting
A=(Ai, As, As), B=(By, By, Bs), where B1=B.=Bs=(1,1,1,1,1;1,1,1,1,1;1,1,1,1,1;1,1,1,1,1, 1, 1, 1,
1, 1), A®3B=(A10B1, A20B2, A30Bs). C1= A1—A10B1, C2= A2—A20B2, Cs= As—A30Bs, see following Figure
4 (a), (b) and (c). And, putting D= C1 +C2 +Cs, obtain the binary value edges of the original color
image, see following Python program and Figure 5.,

Python Program 3.3
# Define a function to achieve the operation “x+y” replaced by “max{x, y}”
def Plus(C1,C2,C3):
edge= C1+C2+C3
for i in range(edge.shape[0]):
for j in range(edge.shape[1]):
if (edgeli, j]) >= 255:
edgeli, j|=255
return edge
# Define a function to achieve the dilation operation.
def dilate(binary, kernel):
Kernel_Dilate = np.ones((kernel.shape[0], kernel.shape[1]), np.uint8)
for i in range(kernel.shape[0]):
for j in range(kernel.shape[1]):
Kernel_Dilate[i,j] = kernel[i,j]
return cv2.dilate(binary, Kernel_Dilate)
# Define a function to achieve the erosion operation
def erode(binary, kernel):
Kernel_Erode = np.ones((kernel.shape[0], kernel.shape[1]), np.uint8)
for i in range(kernel.shape[0]):
for j in range(kernel.shape[1]):
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Kernel_Erodelj, j] = kernellj, j]
return cv2.erode(binary, Kernel_Erode)

B1 =np.ones((5,5), np.uint8)
C1 =erode(Al,np.array(B1))
Cl=A1-C1

C2 = erode(A2,np.array(B1))
C2=A2-C2

C3 = erode(A3,np.array(B1))
C3=A3-C3
D=Plus(C1,C2,C3)

(a) Ci

# define an one matrix with five rows and five columns
# Ci=A10B1

# Ci= A1—A1®B:

# C=A20B2

# Co= Ax—A20B2

# C=A30Bs

# Cs= As—A30Bs

# D= C1+C2+Cs

(b) C2 (c) Cs

Figure 4. (a) the edge of image A1; (b) the edge of image Az; (c) the edge of image As.

Figure 5. Merged edges of the original image (D).

Next, we can apply Definition 1.8 (Type 2) to give another edge extraction method similar to
the above method. Putting A=(A1, A2, As), B=(Bs, Bz, Bs), where B1=(0,0,0,1,0,0,0;0,0,1,1,1,0,0;
o1111,101111111011,1,11,0,0,0,1,1,1,0,0;0,0,0,1,0,0,0), B=(0,0,0,1, 0,0, 0;
001110001101,1011000,1,1,0,1,1,0,1,1,0;0,0,1,1,1,0,0;0,0,0, 1, 0, 0, 0),Bs
=(0,0,0,0,0,0,0;0,0,0,0,0,0,0;0,0,0,1,0,0,0;,0,0,1,1,1,0,0;0,0,0,1,0,0,0;0,0,0, 0,0, 0, 0; 0,
0,0, 0, 0, 0,0), A®2B=(A1®B1, A20B2, A3s®B3). Ci=(A1®B1)-A1, Co= A>—(A20B2), C=A3—(A30Bs), see
following Figure 6 (a), (b) and (c). And, putting Di= C1+C2+Cs, obtain the binary value edges of the
original color image, see following Python program and Figure 7.

Python Program 3.4

B1=1[0,0,0,1,0,0,0],
[0,0,1,1,1,0,0],
[0,1,1,1,1,1,0],
(1,1,1,1,1,1,1],
[0,1,1,1,1,1,0],
[0,0,1,1,1,0,0],
[0,0,0,1,0,0,0]]

B2 =1[0,0,0,1,0,0,0],
[0,0,1,1,1,0,0],
[0,1,1,0,1,1,0],
[1,1,0,0,0,1,1],
[0,1,1,0,1,1,0],
[0,0,1,1,1,0,0],
[0,0,0,1,0,0,0]]

# define the matrix named B1

# define the matrix named B>
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B3 =1[[0,0,0,0,0,0,0], # define the matrix named Bs

[0,0,0,0,0,0,0],

[0,0,0,1,0,0,0],

[0,0,1,1,1,0,0],

[0,0,0,1,0,0,0],

[0,0,0,0,0,0,0],

[0,0,0,0,0,0,0]]
C1 = dilate(Al, np.array(B1)) # C=A1®B1
Cl=C1-Al # C1=(A1®B1)-A1
C2 =erode(A2, np.array(B2)) # Co= A20B:
C2=A2-C2 # C= A>—(A20B2)
C3 = erode(A3, np.array(B3)) # Cs= A30Bs
C3=A3-C3 # Cs= As—(A30Bs)
D=Plus(C1, C2, C3) # Di= Ci+ Cot+ Cs

(a) Ca (b) C2 (c) Cs
Figure 6. (a) the edge of image A1; (b) the edge of image A2; (c) the edge of image As.

Figure 7. Merged edges of the original image (D).

Finally, we can apply Definition 1.9 (Type 2) to give another edge extraction method similar to
the above method. Putting A=(A1, A2, As), B=(B1, Bz, Bs), where Bi, B2, Bs not change (see above),
A®2B=(A10B1, A2®B2, As®Bs). Ci= A1—(A10B1), C2= (A2®B2)-Az, C3= (As®Bs)-As, see following Figure
8 (a), (b) and (c). And, putting D2= Ci1+ Cz+ Cs, see following Python program and Figure 9.

Python Program 3.5

C1 =erode (Al,np.array(B1)) # Ci= A1OB1
Cl=Al1-C1 # Ci= Ai—(A10B1)
C2 =dilate (A2,np.array(B2)) # Co= A2®B2
C2=C2- A2 # Co= (A2®B2)-A>
C3 = dilate (A3,np.array(B3)) # Cs= A3®Bs
C3=C3-A3 # Cs= (As®B3)—-As
D=Plus(C1, C2, C3) # D= Ci+ Co+ C3

@ G (b) C2 (c) G5
Figure 8. (a) the edge of image A1; (b) the edge of image Az; (c) the edge of image As.
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Figure 9. Merged edges of the original image (Dz).

4. Conclusions

In this paper, some properties of the existing algebraic operations of neutrosophic crisp sets are
discussed, and some new operations are given. The results shown that many different algebraic
operation systems can be set up for neutrosophic crisp sets, they can be selected according to
different applications. Meanwhile, this paper studied the application of neutrosophic crisp
mathematical morphology in color image edge extraction, and the experimental results by Python
shown that different morphological operators can be selected in this kind of application.

Because the color image binarization processing first in this paper, and then extract the edge by
using morphological operator. So, the theory of neutrosophic crisp mathematical morphology need
to do further research, so that we can deal directly with gray image or color image by using new
morphological operators.
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