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Abstract

There is a growing interest in studying and improving the characteristics of images and objects in the e-commerce
environment. Digital topology is concerned with dealing with the properties and features of two-dimensional (2D) or
three-dimensional (3D) digital images such as borders, shapes, the intensity of illumination, and other characteristics.
This paper aims to introduce and study new classes of fg-disconnected space and compactly fg-closed set, which could
impact the brightness and brightness of the internal components of the types of color images, gray and binary. The
paper also aims to find the effect of implementing fg-disconnected space and compactly fg-closed set to determine the
brightness and brightness of the internal components of the types of color images, gray and binary. Each research plate
contains 30 images of each type of image. Ten different images were chosen at the same time to be analyzed and
executed using the proposed system based on MATLAB software. The study proved that higher brightness and light
will disappear and delete the components of the image of any kind. This aimed to make the image white and opposite

color, the greater darkness, and luminescence will make the picture color mysterious and turn to black.
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1. Introduction

There is an increasing interest in analyzing and enhancing the characteristics of images and objects and their
features in the e-commerce environment. Digital topology deals with the study of the properties and features of two-
dimensional or three-dimensional digital objects such as borders, shapes, the intensity of illumination, and other
characteristics (Al-Omeri & Jafari, 2019). Image enhancement has become a need for many applications to improve
the quality and content of original images to provide 'better' input to other automated image processing techniques
(Al-Hatmi & Yousif, 2017; Hasoon et al., 2011). Image enhancement aims to improve the digital image to be more
convenient for viewing and analysis. Improvements include removing noise, sharpening or brightening the image,
making it easier to identify key features (Shaaban, 2021; Hassin & Abbood, 2021).

In 1970, Levine. N initiated definition of generalized closed, a subset B of space X is called generalized closed (g-
closed) if BSZ whenever BSZ and Z is open set (Levine N.,1970). Navalagi, G.B, introduces the concept feebly
open set-in topology (Navalagi, 2000). The work suggested by Resan includes the definition of feebly- generalized
closed (fg-closed), a subset B of X is called feebly- generalized closed (Resan D., 2011). If “BAfcZ whenever BSZ
and Z is f-open set and generalized feebly- closed (gf-closed), If ~B~fcZ whenever BcZ and Z is open set (Ibraheem
D., 2008).

This research explained the definition of fg-disconnected space and compactly fg-closed set. Also, we proved the
obtained results based on the experimental methodology (Banakh & Ravsky, 2020). However, the proposed method

is described in section 3; we debate and appraise the experiment results in section 4 and the conclusion in Section 5.

2. Theorems and Definitions

This section introduces the concepts fg-disconnected space as well as compactly- fg-closed set and their properties

(Banakh & Ravsky, 2020).

Definition (2.1) (Navalagi, 2000; Levine N.,1963).

Let (X,7) be topological space. A subset B of the space X is called:

e semi-open, if B € B° and semi-closed, if B° S B .
o feebly- open, if B S B® and f— closed, if B CB.
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Definition (2.2) (Caldas et al., 2003).

Let X aspace and A € X. The intersection of all f-closed sets containing A is said to be the f- closed of A
and denoted by 7;.
Remark (2.3) (Navalagi, 2000)
e Each open set is f-open set.
e Each closed set is f-closed set.
Definition (2.4) (Levine N.,1970).

A subset B of a space X is called generalized closed (g-closed) if B S Z whenever B € Z and Z is open set.

The complement of g-closed set is g- open set.
Definition (2.5) (Resan D., 2011; Ibraheem D., 2008).
If (X,T)is topological space and B € X then B is said to be:
o f- generalized closed (fg-closed), If Ef c Z whenever B € Z and Z is f-open set.

—f
o Generalized f- closed (gf-closed), If B © Z whenever B&Z and Z is open set.

The complement of fg-closed resp (gf- closed) in space X are fg-open resp (gf—open) set in X.
Example (2.6)

Suppose that X ={4, b, ¢, t}and T ={d, X, {b, ¢}} be topological space on X and let H= {4, ¢, '} and

Z= {4} be sets, thus H and Z are fg-closed set (resp gf- closed) sets in X.

Proposition (2.7)

o Every closed set is fg-closed set

o Every f-closed set is fg- closed set
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Proof

i. Suppose that B is closed set and B € Z such that Z is f-open set, then by Remark (2.3), B is f-closed set,B =
—f —f i
B ,thus B < Z then B is fg-closed set.

—f —f
ii. Let B is f-closed set and B € Z such that Z is f-open set, then B = B, therefore B < Z ,thus B is fg-closed
set.

The convers of i, ii in proposition (2.7) are not true in general as the shown in following example.
Example (2.8)

Suppose that X = {a, b, c} be asetand, T ={ @ X, {a}} be topological space on X. Notice that C={b} is fg-

closed set but C is not closed in X.
Definition (2.9)

A function f: (X,T) = (Y, B) is said to be a fg-continuous if {~1(M) is fg-closed set in X for each M is
fg-closed setin V.
Clearly it is proved that a function f: (X,7) — (Y,B ) is said to be fg-continuous if and only if ~1(M)

is fg- open set in for each M is fg-closed setin Y.
Definition (2.10)

A space (X, T) is called fg-disconnected space if X can be written as a union of two non-empty disjoint fg-

open set. But (X, T) is called fg-connected space if it is not fg-disconnected.

Proposition (2.11)
Every disconnected space is fg-disconnected space.
Proof

Let (X, T) is disconnected space, then there exist C, D are open set suchthatC # @,D # @andCND =
@ and CU D = X. Since C and D are open set then by proposition (2. 7), C and D are fg-open sets, thus (X, T°)

fg-disconnected space.
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The convers of proposition (2.11) is not true in general as the presented in following example.

Example (2. 12):

There exists {[5 2 70{,

Such that: {[ 5

10352
2 701, 73 65 24

18 1 30 95 25
[10 55 105]

Let X =

20 95 120
35 45 70

be setand let T = {@,X} be indiscrete space.

10 3 52 1 7 43
There are fg- opensets: @,X,4| 5 2 70|,|73 65 24

18 1 30 4 95 25

(1 7 43 \

10 3 52] [10 55 105 [743 gg ;‘;l

5 2 70|,{20 95 120},

18 1 30) I35 45 70 1055105
20 95 120

35 45 70

10 3 52 1 7 43 10 55 105
315 2 70| (,3|73 65 24 20 95 120

18 1 30 4 95 25 35 45 70

10 3 52 1 7 43] 10 55 105
73 65 24 } {20 95 120 }arefg—opensets

18 1 30 4 95 25l 35 45 70

10 3 52 1 7 43 10 55 105
2 70] ,[73 65 24] }ﬂ {[20 95 120] } =0
18 1 30 4 95 25 35 45 70

10 3 52 1 7 43 10 55 105
5 2 70],|73 65 24 U{[ZO 95 120]}=

18 1 30 4 95 25 35 45 70

Therefore(X, T')is fg-disconnecte space, but (X, T ) is not disconnected space.
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Theorem (2.13)
Let f: X — Y is fg- continuous, onto function. If X is fg-connected space, then Y is fg-connected space.

Proof:

Let Y is fg-disconnected space, thus there exists H, N are disjoint non-empty open sets in Y such that Y =
H U N. Since f is fg- continuous, onto function, thus X = f~1(H) U f~1(N) , wheref~*(H) and f~*(N) is
disjoint non empty and fg-open sets in X. Thus, X is fg-disconnected space. This ambivalence the fact that X is

fg-connected space; therefore, Y is fg- connected space.
Proposition (2.14)

If X is fg-connected space if and only if each fg- continuous function from (X, T) into the discrete two point

{0,1} is constant.

Proof:

= Let X is fg-connected space and let Y={0,1},t = {0, Y,{0},{1}}

Suppose that there exist f® X,T) — (Y, ) such that f is fg-continuous function but f is not constant function.
Then there exists x,y in X such that f(x) =0,f(y) =1. Since fis fg-continuous function then
f=1({o}), f~1({1}) are fg-open set in X but f~1({0})and f~1({1})are disjoint non-empty set and X =
f=r{op) u f~1({1}). Thus, X is fg-disconnected space; this contradicts the fact that X is fg-connected.
Therefore, f is constant function.

< Suppose every fg-continuous function from (X, 7°) into the discrete two points {0,1} is constant.

Suppose that (X, T') is fg-disconnected space, then F, D are fg-open set in X such that F = @,D = @ and F n
D=@9,FuD=X.

Let f: (X,T) — (Y,t) such that (Y,t) is fg-disconnected space, Y={0,1}

But f(X) = {10 if x eifDx “
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Then f(@) =0 , f*(M =X, f7{oP= F,f*{1H=>D

Thus f is fg-continuous function but f is not constant function, then contradiction, therefore( X, T) is fg-

connected space.
Definition (2.15)

A collection H of fg-open sets in X is said to be fg-open cover of K € X if K € U{U«: U« € H} holds.
Definition (2.16)

A space X is said to be fg-compact if every fg-open cover of X has a finite subcover.
Example (2.17)

Each finite subset of a space X is fg—compact.
Definition (2.18)

Let F is subset of a space X then F is said to be compactly-fg-closed set if for every fg-compact set E in X,

F N E is fg-compact.

Example (2.19)

10 3 521 [1 7 43
5 2 70|,[73 65 24
Jlis 1 30) L4 95 25
Let X = 10 55 105]
| [0 95 20
35 45 70

5 2 70|¢ be

18 1 30

be set and let A:{

10 3 52]

set in X such that (X, 7') is indiscrete space

Since AN {

10 3 52 10 3 52
5 2 70“={{[5 2 70”} is fg-compact set

18 1 30 18 1 30
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1 7 43
An{ |73 65 24]}=Q) is fg-compact set
4 95 25
110 55 105
An{ [[20 95 120([} =@ isfg-compact set
135 45 70
10 3 52 1 7 43 10 3 52
An {5 2 70],[73 65 24]}: {[5 2 70]} is fg-compact set
18 1 301 L4 95 25 18 1 30
10 3 527 [10 55 105
An{l|5 2 70|,{20 95 120|}
18 1 301 L35 45 70
10 3 52 1 7 43710 55 105
={|5 2 70|}isfg-compactsetAn{|73 65 24,20 95 120|} = @ is fg-compact set.
18 1 30 4 95 251135 45 70
10 3 52
AnX={5 2 70]|}isfg-compact set
18 1 30

Therefore, A is compactly-fg-closed set.

Theorem (2.13)

Letf: X > Yis

Proof:

fg- continuous, onto function. If X is fg-connected space, thenY is fg-connected space.

Let Y is fg-disconnected space, thus there exists H, N are disjoint non empty open sets in Y such that Y =

H U N . Since f is fg- continuous, onto function, thus X = f~1(H) u f~1(N) , wheref ~*(H) and f~*(N) are

disjoint non empty and fg-open sets in X. Thus, X is fg-disconnected space. This ambivalence the fact that X

is fg-connected space, therefore Y is fg-

connected space.

Proposition (2.14)

If X is fg-connected space if and only if each fg- continuous function from (X, T) into the discrete two

points {0,1} is constant.
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Proof:

= Let X is fg-connected space and let Y= {0,1},t = {@, Y, {0}, {1}

Suppose that there exist f: (X,7) — (Y, T) such that f is fg-continuous function but f is not constant
function, then there exists x,y in X such that f(x) = 0,f(y) = 1.

Since fis fg-continuous function then f~1({0}),f~1({1}) are fg-open set in X but
f=1({0})and f~1({1})are disjoint non- empty set and X = f~1({0}) u f~1({1}). Thus, X is fg-disconnected

space; this contradicts the fact that X is fg-connected, therefore, fis constant function.
< Suppose every fg-continuous function from (X, 7°) into the discrete two points {0,1} is constant.

Suppose that (X, T°) is fg-disconnected space, then F, D are fg-open set in X such that F + @, D # @ and

FNnD=9,FUuD =X.

Let f: (X,T) — (Y,t) such that (Y, 1) is fg-disconnected space, Y= {0,1}

But f(X) = {10 if x eifDx “

Then '@ =0 , f7 (M =X f'{0H= F.f{1H =D

Thus f is fg-continuous function but f is not constant function, then contradiction, therefore, ( X, T) is fg-

connected space.

Definition (2.15)

A collection H of fg-open sets in X is said to be fg-open cover of K € X if K € U{U.: U« € H} holds.
Definition (2.16)

A space X is said to be fg-compact if every fg-open cover of X has a finite subcover.
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Example (2.17)
Each finite subset of a space X is fg—compact.

Definition (2.18)

Let F is subset of a space X then F is said to be compactly-fg-closed set if for every fg-compact set E in
X,FNE is fg-compact.

Example (2.19)

10 3 52] [1 7 43
5 2 70|,|73 65 24]

_Jl18 1 30 49525}
Letx‘{ 10 55 105]
20 95 120 J
35 45 70

5 2 70]|; be

18 1 30

10 3 52]

be set and let A:{

set in X such that (X, 7') is indiscrete space

10 3 52 10 3 52
Since Anj|5 2 70|(={|5 2 70|} isfg-compact set
18 1 30 18 1 30
[1 7 43
An{ |73 65 24]}=(Z) is fg-compact set
[ 4 95 25
110 55 105
An{ |20 95 120([} =@ isfg-compact set
135 45 70

5 2 70|73 65 24 5 2 70]} is fg-compact set
18 1 301 L4 95 25 18 1 30

10 3 5211 7 43 10 3 52
et el g e

10 3 527 [10 55 105
5 2 70[,[{20 95 120(}
35

AN{
18 1 30 45 70
10 3 52 1 7 431 110 55 105
= {[ 5 2 70]} is fg-compactset An {|73 65 24] ,[20 95 120] } = @ is fg-compact set.
18 1 30 4 95 251135 45 70

10 3 52
ANnX= {[ 5 2 70]} is fg-compact set. Therefore, A is compactly-fg-closed set.

18 1 30
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3. The Proposed Method

This section will introduce the proposed method, which will deploy based on the concepts of Matrices. The
research methodology will be experimental testing of image enhancement procedure proposed by Mohammed H. R.
(Mohammed & Hussain, 2021). We replaced the use of fuzzy set by using fg-disconnected space and compactly fg-
closed set to determine the brightness and brightness of the internal components of the types of color images, gray and
binary. We will consider the following:
al=[101;011;111];a2=[110;111;011];
bl=[011;110;101];b2=[111;010;101];
z1=imfilter(l,a); z2=I mfilter(l,b}; z3 = imfilter(l,x);
a=[101110;0111112111011]
b=[011110;110010;10110 1];
x=[101110021111211,011111110010;111021110110 1y

This work will focus on three types of images include (Color images, gray images, Binary images).

4. Results and Discussion

The section will discuss the implementation of proposed method and validate its results. The algorithm presented

in Figure 1 is implemented to test the proposed method.

Algorithm 1: fg-disconnected space algorithm

Input: standardize image (Color, Gray)
Output: Enhanced Image with less information losses
Step 1: Select and process the Image Iteratively (1.1 — 1.3) until enhanced image is achieved or the maximum number
of iterations is reached. Then go to Step 2.
1.1 Implement the Matrixes filter Z1 and Z2, and choose the best result.
1.2 Delete regions to obtain image features using compactly-fg-closed set.
1.3 Convert the resulted image (1.2) to Binary format,
Step 2: Compared the results of selected images and their components by using matrices A, B, X.

Step 3: Compared the results of selected images Using histogram method to validate results.

Figure 1. Steps of fg-disconnected space algorithm
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The proposed system is used samples of images from MATLAB library database with the three format (Color,
Gray, and binary) as shown in Figure 2. Figure 3 represents the filter effect of matrix Z, and Z, on the selected
images. Note that the illumination is to the hand of gray photos and this leads to jammed components and areas in the
images.

Figure 4 shows converting images to binary format and delete components and regions to obtain color, gray and
binary images using compactly-fg-closed set. Figure 5 shown performed process of deleting Large Regions for Color,
gray and binary Images using fg-disconnected space.

Figure 5. results of deleting Large Regions for images Color, gray and binary utilizing fg-disconnected space.
Figure 6 presents the output of three images that lost some properties from the original image according to matrices
A, B, and X so that matrix A leads to the loss of less information than matrix B on the images, but matrix X leads to

the loss of more information from the matrix A and B on the images.

Figure 2. sample of images (Color, Gray). Figure 3. the filter effect on the matrixes Z; and Z,.
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Image Binary Image

Binary Image

Figure 4. turned the pictures of whatever type into binary

" | | [ Image A B X
¢ ] ] t
{ A ¢ ’ ) ¢
r r ’ ¢ ¢ ¢

Image A B
' ' )
& ) )
Figure 5. results of utilizing fg-disconnected space. Figure 6. the selected images and their components by using

matrices A, B, X.
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The histogram method is approved that the resulted images are has the main features of the input image after using

its suggested method with clearer and less noise as shown in Figure 7. Also, the suggested method reduced the needed

time for image processing and enhancement.

Image
300 :
200
[
100
0
0 nh
Image
400
300
200
100
0
0 05

300

200

100

=

400

300

200

100

Final Image

Final Image

0.5 1

Figure 5. histogram for image and final image result

5. Conclusion

This work is used the Matrix filter based on compactly-fg-closed for enhancing the input image. The experiments

are repeated several times using different images format (color and gray images) to get the needed results. The results

indicated the following:

1.The lighting was very high in the color images but decreased in gray pictures and less in the binary images.

2. Data loss was grayed out more than binary the and finally colored.

3. The clarity of the objects was more in binary images than gray and finally colored.

4. The process of repeating the union and the intersection help to eliminate any deleted image components.

5. The use of fg-disconnected space leads to a white image, and the compactly-fg- closed set leads to a black image.
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