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On(%;, T;)— Generalized gs-Closed Sets in Bitopological Spaces

Bushra Jaralla Tawfeeq
Collage of Education, Mustansiriyah University, Baghdad, Iraq

Abstract

In this paper, we introduce a class of closed sets in bitopological spaces that we call
generalized gs-closed (briefly, (T;, ¥;)—-ggs-closed) sets. We study some of their basic
properties and investigate their relationship with the other types of closed sets in such
spaces. As an application of this work, we also define two new spaces, namely (%;, T;)-
Tges- and (T;, T;)—T*gs-spaces, and present several applications.

1. Introduction

A triple (3B, T;, T;), where B is a nonempty set and T; and T; are topologies on B, is
called a bitopological space. Kelly [9] initiated the study of such spaces in 1963. Later, in
1985, Fukutake [3] introduced and studied the notions of generalized closed (briefly, g-
closed) sets in such spaces. More recently, Fukutake, Sundaram, and Sheikh John [5]
introduced the concept of w-closed sets, while El-Tantawy and Abu-Donia [2] proposed
the idea of generalized semi-closed (briefly, gs-closed) sets. Then, Veerakumar [21,22]
introduced and studied the concepts of g*-semi-closed (briefly, g*-sclosed) sets, gs'-
continuity, and gs”-irresolute maps in topological spaces.

In 2007, Jafara, Lellis Thivagar, and Thisaya Ponmani [8] studied some new separation
axioms using (1,2)-a-open sets in bitopological spaces. Maragathavalli [19] then defined
strongly ag*-closed sets in topological spaces and also investigated some of their
properties.

In 82, we introduce some basic definitions and other preliminaries.

In 83, we present the elementary properties of generalized gs-closed (briefly, (T;,
¥j)—ggs-closed) sets, and also study their relationships to other types of closed sets,
namely (T;, T;)—9, (Ti, T)-w, (Ti,Fj)—ag, (Ti, Tj)—ga, (T, T)-pre, (T, T)-08, (T,
Ti)-sg, (Ti, T)) B, (T, T)—9sp-, (i, Tj)—9p-, (1,2)*Hngs-, (Ti, T))-sgb-, (T4, Tj)—
pgb-, (T;, ¥;)-g**b-, and (T;, T;)-rg**b-closed sets. We also provide several related
results and some necessary examples.

In 84, we present several properties and characterizations of (¥;, ¥;)—ggs-closed
and (¥;, T;)— ggs-open sets.

Finally, in 85, we provide some applications of (T;, ¥;)—ggs-closed sets.

2. Preliminaries

If A'is a subset of a topological space B with a topology ¥, then the closure of A is
denoted by T-cl(A) (or just cl(A)), its interior by T—-int(A) (or int(A)), and its semi- and
pre-closures by T—scl(A) and I-pcl(A) (or scl(A) and pcl(A)), respectively. In addition, its
semi-interior is denoted by T—sint(A) (or sint(A)), and its complement by A°.

Before discussing our main results, we recall the following definitions:

Definition 2.1. A subset A of a topological space (B, <) is called:

1) an a-open set [12] if A < int(cl(int(A))),

2) a semi-open set [10] if A < cl(int(A)),

3) a pre-open set [12] if A < int(cl(A)),

4) a semi-pre-open (briefly, -open) set [12] if A < cl(int(cl(A)) ))), and
5) a regular open set [6] if A = int(cl(A)).
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The semi-closure [13] (resp. a-closure [14]) of a subset A of 8B, denoted by scl(A) (resp.
acl(A)) is defined as the intersection of all semi-closed (resp. a-closed) sets containing A.
The semi-interior [13] of A, denoted by sint(A), is defined as the union of all semi-open
sets contained in A. If A € B € B, then clg(A) and ints(A) denote the closure of A relative
to B and the interior of A relative to B, respectively.

Definition 2.2. If (B, T) is a topological space and A is a subset of B, then A is called

1) ageneralized closed (briefly, g-closed) set [12] if cl(A) < U whenever A € U and U is
open in B,

2) a generalized a-closed (briefly, ga-closed) set [14] if acl(A) S U whenever A € U and
U is a-open in B,

3) an a-generalized closed (briefly, ag-closed) set [14] if acl(A) & U whenever A € U
and U is open in B,

4) asemi-generalized closed (briefly, sg-closed) set [13] if scl(A) € U whenever A € U
and U is semi-open in B,

5) a generalized semi-closed (briefly, gs-closed) set [13] if scl(A) € U whenever A € U
and U is open in B,

6) aw-closed set [18] if cl(A) < U whenever A € U and U is semi-open in B,

7) a generalized semi-pre-closed (briefly, gsp-closed) set [6] if spcl(A) € U whenever A
c Uand U isopenin B,

8) a generalized pre-closed (briefly, gp-closed) set [6] if pcl(A) € U whenever A € U
and U is open in B,

9) ageneralized gs-closed (briefly, ggs-closed) set [7] if cl(A) € U whenever A € U and
U is gs-open in B.

10) a g**b-closed set [16] if bcl(A) € U whenever A € U and U is g*-open in B,

11) a pre-generalized b-closed (briefly, pgb-closed) set [17] if bcl(A) € U whenever A <
U and U is pre-open in B, and

12) a semi-generalized star b-closed (briefly, sg'b-closed) set [18] if bcl(A) € U
whenever A € U and U is semi-open in B.

The complements of the above-mentioned sets are known as the corresponding open sets.

Definition 2.3. A subset A of a bitopological space (B, T;, ;) is called

1) an(%;, ¥;)—g-closed set [3] if T;—cl(A) & U whenever Ac Uand U € T;,

2) an (%, T;)—gs-closed set [2] if T;—scl(A) < U whenever Ac UandU € g,

3) an (%;, T;)—weakly-generalized-closed set [4] ((T;, T;)—wg-closed) if T;—cI(T;—int
(A)) € Uwhenever Ac Uand U € T;,

4) an (%;, T;)-w-closed set [5] if T;—cl(A) € U whenever A € U and U is I;—semi-open
in B,

5) an (%, T;)—g*-closed set [5] if T;—cl(A) < U whenever A < U and U is a T;—g-open
set,

6) an(%;, T;)—ag-closed set [10] if T;—acl(A) € U whenever A € U and U is T;—open
in B,

7) an (F;, T;)—go-closed set [10] if T;—acl(A) & U whenever A € U and U is T;—a-open
in B,

8) an (%;, T;)-rg**-closed set [15] if T;—cI(T;~int(A)) < U whenever A < U and U is
(T, T;)-regular-open in B,

9) a (1,2)*-#ngs-closed set [20] if T;T;-scl(A) < U whenever A € U and U is (1,2)*-
ngb-open in B, and

_2-



https://portal.issn.org/resource/ISSN/2708-7956

ka9 i . iig_myml afll adat

Hcoademic J. for Engineering and Science
2023 L LT 2 aadl 5 alaall

ISSN: 2708-7956, vol. 5, No. 2, 2023

10) an (T;, T;)— rg**b-closed set [15] if T;—rg*cl(A) < U whenever A € U and U is
I;—open in B.

The families of all (Z;, I]-)—g-, (T, Ij)—gs-, (T, SI]')_WQ-, (T, fzj)—W-, (T, Ij)—g*-,
& I—ag-, (T, Ij)—go-, (T4, Tj)-rg**-, (1,2)*- #ngs-, and (T;, T;)— rg**b-closed
subsets of a bitopological space (B, ¥;, ¥;) are denoted by D(%;, ¥;), GSC(T;, I)),
W(‘Ii, 3:]), C(‘Ii, (I]), D*((Ii, iZj),ocG(iZi, Zj),Ga(iZl-, ‘,Z]), D*rg**(fIl-, fI]), (1, 2)**
#nGSC(B), and D*rg**b(Z;, T;), respectively.

Definition 2.4. A bitopological space (B, T;, ;) is called

1) an (T;, T;)-Tue-space [2] if every (T;, T;)—g-closed set is T;—closed,

2) an (F;, T;)—Tw-space [4] if every (T;, T;)—w-closed set is T;—closed, and
3) an (Z;, T;)—Tp-space [1] if every (T;, T;)—gs-closed set is T;—closed.

Definition 2.5. A bitopological space (B, I;, ¥;) is called a strongly pairwise Ti.—space
[2] if itis both a (T;, T;)-Tue-space and a (T;, T;)—Tuz-space.

3. Properties of (T;, T,)—0gs-Closed Sets

In this section, we introduce ggs-closed sets in bitopological spaces and study some of
their properties.

Definition 3.1. Leti, j € {1, 2} be fixed integers. A subset A of a bitopological space

(3B, i, F;) is called a generalized gs-closed (briefly, (T;, T;) —ggs-closed) set if T;—cl(A)
€ U whenever A € U and U is gs-open in (B, ¥;). The family of all (T;, T;)—ggs-closed
sets in a bitopological space (B, T;, ;) is denoted by D'gs(T;, T;).

Remark 3.2. By setting T1 = I, in Definition 3.1, we can see that any (i, j)-ggs-closed set
is ggs-closed.

Proposition 3.3. If K is an T;-closed subset of (B, T;, I;), then K is an (T;, T;)-ggs-
closed set, but not conversely.

Proof. Let K be any T;—closed set and U be any T;—gs-open set containing . Then, T;—
cl(K) € U, so K is (T;, T;)—ggs-closed. Example 3.4 demonstrates that the converse is
false.

Example 3.4. Let B = {a, b, c}, T; = {8, ¢, {b}, {c}, {b.c}}, and T; = {B, ¢.{ac}}.
Then, the set {a} is (T;, T;)—ggs-closed but not T;—closed.

Proposition 3.5. If 7 is an T;—a-closed or T;—semi-closed subset of (B, T;, T;), then H
is (T;, T;)-ggs-closed, but not conversely

Proof. Let H be any T;—closed set and V be any T;—gs-open set containing 7. Since
every T;—closed set is T;—a-closed (resp. T;—semi-closed ),then, T;— o cl(H) & T;—cl(H)
C V (resp. Tj-scl(H) € I;—l(F) € V )s0 H is (T;, T;)—ggs-closed. Example 3.6
demonstrates that the converse is false.
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Example 3.6. If 8 = {a, b, c}, T;= {B, ¢, {b,c}}, and T; = {B, ¢,{b}}, then the set {b,c}
is (¥;, Tj)—ggs-closed but not T;—a-closed or T;—semi-closed.

Proposition 3.7. If A is an (F;, T;)—ggs-closed subset of (B, T;, T;), then A is T;—g-
closed, but not conversely (as Example 3.8 demonstrates).

Example 3.8. If 8 = {a, b, ¢}, T; = {B, ¢, {b,c}}, and T; = {B, ¢,{b}}, then the set {a,b}
is T;—g-closed but not (T;, T;)—ggs-closed.

Proposition 3.9. If F is an (¥;, ¥;)—ggs-closed subset of (B, I;, F;), then F is (T,
¥;)—g-closed, but not conversely.

Proof. Let F be any (T;, T;)—ggs-closed set and P be any T;—open set. Then, P is an T;—
gs-open set such that F < P, which implies that T;—cl(F) S P. Hence, F is (T;, T;)-9-
closed. Example 3.10 demonstrates that the converse is false.

Example 3.10. If 8 = {a, b, c}, T;= {B, ¢, {c}}, and T; = {B, ¢,{b}.{c}.{b,c}}, then the
set {c} is (T;, T;)—ggs-closed but not (T;, T;)—g-closed.

Proposition 3.11. If A is an (Z;, ¥;)—ggs-closed subset of (B, I;, I;), then A is (T,
¥;)—w-closed, but not conversely.

Proof. Let A be any (T;, T;)—ggs-closed set and P be any I;—semi-open set containing A.
Then, P is an T;—gs-open set such that A € P, so T;—cl(A) € P. Hence, A'is (T;, T;)-W-
closed. Example 3.12 demonstrates that the converse is false.

Example 3.12. If 8 = {a, b, c}, T;= {B, ¢, {b}.{ac}}, and ; = {B, ¢,{a}{b}.{a,b}},
then the set {a} is (¥;, T;)-w-closed but not (T;, T;)—ggs-closed.

Proposition 3.13. If § is an (T;, T;)—ggs-closed subset of (B, T;, T;), then § is (T,
¥;)—ag-closed, but not conversely.

Proof. Suppose that S is any (¥;, T;)—ggs-closed set in (B, T;, T;) and let G be any T;—
open set. Then, G is an ¥;—gs-open set such that § < G, so we have T;—acl(S) & T;—cl(S)
C G. Hence, § is (T;, T;)—ag-closed. Example 3.14 demonstrates that the converse is
false.

Example 3.14. If 8 = {a, b, c}, T;= {B, o.,{a}{b}{ab}{ac }}, and T; = {B, ¢ {c}},
then the set {c} is (T;, T;)—ag-closed but not (T;, T;)—ggs-closed.

Proposition 3.15. If A'is an (T;, T;)—ggs-closed subset of (B, T;, T;), then A is (T;,
T;)—ga-closed, but not conversely.

Proof. Let A be any (%, T;) — ggs-closed set in (B, T;, T;) and G be any F;—a-open set
containing A. Since any I;—a-open set is T;—semi-open, G is T,—gs-open. We thus have
Tj—acl(A) € T;-cl(A) < G. Hence, Ais (T;, T;)—ga-closed. Example 3.16 demonstrates
that the converse is false.

Example 3.16. If B = {a, b, c}, T;= {B, ¢.{b,c }}, and T; = {B, ¢,{b}}, the set {c} is
(Ti, Tj)—ga-closed but not (T;, T;)—ggs-closed.

Proposition 3.17. If A is an (%;,%;)—ggs-closed subset of (B, ¥;, F;), then A is
(%;,%;)—gs-closed(resp. (;,¥;)—gp-closed, and (T;,T;)—gsp-closed), but not conversely.

_4-
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Proof. Let A be any (T;, T;)—ggs-closed set in (B, T;, T;) and U be any T;—open set.
Since A is (T;, T;)—ggs-closed, T;—l(A) € U, which implies that T;-scl(A) < T;—cl(A)
C U. Thus, A'is (T;, T;)—gs—closed. In addition, since pcl(A) € U and spcl(A) € U, A is
also (¥;,¥;)—gp-closed and (¥;,%;)—gsp-closed, respectively. Example 3.18 demonstrates
that the converse is false.

Example 3.18. If B = {a, b, c}, T;= {B, ¢.{a,b}.{c}}, and T; = {B, ¢,{a,b}}, then the set
{b,c} is (T;, T;)-gs-closed(resp. (T;, T;)-gp-closed, and (T;, T;)-gsp-closed), but not
(Ti, Tj)-ggs-closed.

Definition 3.19. Let i, j € {1, 2} be fixed integers. A subset A of a bitopological space (B,
T, F) is called

1) semi-generalized star b-closed (briefly, (T;, T;)-sg’b-closed) if T;—bcl(A) cU
whenever A € U and U is semi-open in (B, I;),

2) pre-generalized b-closed (briefly (¥;, T;)-pgb-closed) if T;—bcl(A) < U whenever A
€ Uand U is pre-open in (8B, I;), and

3) (Ti, Fj)—-g**b-closed if T;—bcl(A) < U whenever A < U and U is g*-open in (B, I;).

Proposition 3.20. If A'is an (T;, ¥;)—ggs-closed subset of (B, T;, T;), then A is
1) (Z;, T;)-sg"b-closed,

2) (%, T;)-pgb-closed,

3) (T4, Tj)-g**b-closed, and

4) (T;, Tj)—rg**b-closed.

However, the converse statements are false.

Proof. 1) Let M be any (Z;, T;)—ggs-closed set in (B, T;, T;) and U be any T;—semi-
open set. Since M is (T;, T;)—ggs-closed, T;—cl(M) € U, from which it follows that T;—
bel(M) € T;—scl(M) € T;—l(M) € U. Hence, A is (T;, T;)—sg’b-closed.

The proofs of (2), (3), and (4) are similar. Example 3.21 demonstrates that the converse
statements are false.

Example 3.21.

1) Let B, T;, and T; be as in Example 3.18. Then, the set {b} is (T;, T;)-sg’b-closed, but
not (T;, T;)-ggs-closed.

2) If B ={a b c}, I = {8, o{a },{b}, {c}{ab}{ac} {b, c}}, and T; ={B, o,
{b}.{b,c}}, then the set{c} is (T;, T;)—pgb-closed and the set {b,c} is (T;, T;)-g**b-
closed, but neither set is (;, T;)—ggs-closed.

3) IfB={a, b, c}, T, ={B, o.{a}}, and T; ={B, ¢, {a,c}}, the set {b} is (T;, T;)-rg**b-
closed but not (¥;, T;)—ggs-closed.

Remark 3.22. The concept of an (F;, T;)—ggs-closed set is independent of those of (T;,
T;)—wg-closed and (1,2)*—#ngs-closed sets, as can be seen from Examples 3.23-3.26.

Example 3.23. If 8 = {a, b, c}, T;= {B, ¢,{b}.{a,c }}, and I; = {B, ¢,{a}{b}.{ab}},
then the set {c} is (T;, T;)—ggs-closed but not (T;, T;)—wg-closed.
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Example 3.24. If B = {a, b, c}, T;= {B, ¢.{a},{b}.{a,b}}, and T; = {B,¢.{b}.{c}.{b.c}},
then the set {a,c} is (T;, T;)—wg-closed but not (T;, ¥;)—ggs-closed.

Example 3.25. Let B, T;, and I; be as in Example 3.23(3). Then, the set {a,b} is (T;,
T;)— ggs-closed but not (1,2)*#ngs-closed.

Example 3.26. If B = {a, b, c}, T; = { B, ¢o,{a}}, and T; ={B,¢,{a,c}}, then the set {b,c}
is (1,2)*—#ngs-closed but not (T;, ¥;)—ggs-closed.

Remark 3.27. In general, the family D"gs(Z;, ;) is not equal to D'gs(T;, T;), as can be
seen from Example 3.28.

Example 3.28. If B = {a, b, c}, T,={ B, 9.{c}}, and T; = { B, ¢,{a}.{b}.{a,b}.{a,c}},
then the subsets {b},{c} € D'gs(Z;, T;) but {b}{c} & D’gs (T;, T;).

Remark 3.29. If T; € I; in (B, I;, T;), then D'gs(T;, T;) €D'gs (T;, T;), but not
conversely (as Example 3.30 demonstrates).

Example 3.30. If 8 = {a, b, c}, T;= {B, ¢,{b}.{c}.{b.c}}, and T; = {B, ¢,{c}}, then
D*gs(Ij, I;)C D*gS (T, 3:]) but I ¢ fz]

4. Properties of (Z;, zj)—qqs—CIosed and (Z;, ¥;)-d0s-Open Sets

In this section, we introduce some properties of (¥;, T;)-ggs-closed and (¥;, T;)-ggs-
open sets.

Definition 4.1. A subset A of (B, T;, T;) is called (T;, T;)—ggs-open if and only if A®is
(Ti, Tj)—ggs-closed in B,

The family of all (T;, T;)—ggs-open subsets of B is denoted by D'gO(T;, I;).

Proposition 4.2.

1) All(Z;, T;)-open sets are (T;, T;)-ggs-open.

2) All (T;, T;)-ggs-open sets are (T;, T;)-g-open.

3) All (T;, T;)-ggs-open sets are (T;, T;)— ag-open and (T;, T;)ga-open.

4) All (Z;,T;)-ggs-open sets are (;,T;)-gs-open, (T;,T;)-sg-open, and (T;, T;)-gsp-
open.

5) All (Z;, T;)-ggs-open sets are (T;, T;)—gs-closed, (T;, T;)—-gp-open, and (T;, T;)-
gsp-open.

6) All (T;, T;)—-ggs-open sets are (T;, T;)—sg b-closed and (T;, T;)—-pgb-open.

Proposition 4.3. If A, B € D'gs(Z;, T;), then AU B € Dgs(Z;, T;).

Remark 4.4. If A and B are two (¥;, T;)—ggs-closed sets in (B, T;, T;), then the
intersection A N B is not generally (T;, T;)—ggs-closed, as can be seen from Example 4.5.

Example 4.5. If B8 = {a,b,c}, T; = {B, ¢,{c}}, and T; = {B,9,{a}.{b}.{a,b}.{a,c}}, then
the subsets {a,c}, {a,b} are (T;, T;)—ggs-closed, but their intersection {a,c}n{a,b} = {a}
is not (T;, T;)—ggs-closed.

|
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Proposition 4.6. For all € (B, T;, T;), either the set {r-} is T;—gs-closed or {r}°is (T,
¥j)-ggs-closed in (B, T;, T;).

Proposition 4.7. If the set € is (T;, T;)—ggs-closed in (B, T;, T;), then T;—cl(E) contains
no non-empty ;—gs-closed sets, but not conversely.

Proof. Let € be a (T;, T;)-ggs-closed set and F be a T;—gs-closed set such that F € I;
—cl(€))°. Since € is (T;, T;)—ggs-closed, € € D'gs(T;, T;), which implies that T;—l(€)
F¢. Then, F © T;—l(€) N (T;—cl(€))° and hence F is empty. Example 4.8 demonstrates that
the converse is false.

Example 4.8. Let B = {a, b, ¢}, T; = { B, o.{a}.{b}.{a,b}.{a.c}}, and T; = { B, ¢.{C}}.
If G = {a}, then T;—l(G) - G = {b} contains no non-empty F;—gs-closed sets but G is not
(T, Tj)—ggs-closed.

Proposition 4.9. If A'is an (¥;, T;)—ggs-closed set and A € B < F;—cl(A), then B is a
(T, Tj)—ggs-closed set.

Proposition 4.10. If A'is a (T;, T;)—ggs-closed set, then T;—cl({£}) N A+ ¢ forall £ €
T;—cl(A), but not conversely.

Proof. If T;—cl({#}) N A = ¢ forall £ € T;—cl(A), then A < (T;-cl({#£}))". Since A is
(Ti.%j)—ggs-closed, T;—cl(A) < (T;-cl({#£}))", which impliesthat £ & T;—cl(A),
contradicting the initial assumption. Example 4.11 demonstrates that the converse is false.

Example 4.11. Let B = {a, b, c}, T; = {B, ¢o,{a}}, and I; = {B, ¢,{b}.{c}.{b.c}}. The
subset A = {c} is not (¥;, T;)—ggs-closed, but T;—cl({£}) N A= ¢ for all £ € T;—l(A).

Proposition 4.12. Let Ac Y © 8. If the set A is (T;, T;)—ggs-closed in (B, T;, T;), then
A'is (T;, Tj)—ggs-closed relative to Y.

Proof. If A € Yn G and G is T;—gs-open in (B, T;, T;), then A € G and T;—l(A) € G.
Hence, Y N T;—l(A) € Y n Gand A is (T;, T;)—ggs-closed relative to Y.

5. Some Applications of (¥;, ¥;)-gags-Closed Sets

In this section, as an application of our work, we introduce (T;, T;)-Tggs-spaces and (F;,
T,;)— T¥yes-spaces, and study some of their properties.

Definition 5.1. A bitopological space (B, T;, ;) is called an (T;, T;)-Tggs-space if every
(T, Tj)—ggs-closed set it contains is T;—closed.

Proposition 5.2. If (B, T;, F;) is an (T;, T;)-Twe-space, then it is an (T;, T;)—Tggs-Space,
but not conversely.

Proof. Let (B, T;, T;) be an (T;, T;)-Tu-space and A be an (T;, T;)—ggs-closed subset
of (B, T;, T;). By Proposition 3.9, A'is (T;, ¥;)—g-closed in (B, T;, ;). Since (B, T;, T;)
is an (T;, T;)-Tue-space, this implies that A is T;—closed. Hence, (B, T;, T;) is an (T,
T;)-Tges-space. Example 5.3 demonstrates that the converse is false.

Example 5.3. If B = {a, b, c}, T;= {B, ¢,{c}}, and T; = {B, ¢.{b}.{c}.{b,c}}, then the
set {b} is (T;, T;)—ggs-closed but (B, T;, T;) is not an (T;, T;)-Tu2-space.

|
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Proposition 5.4. If (B, I;, T;) is an (T;, T;)-Tw-space then it is also an (T;,T;)—Tgs-
space, but not conversely.

Proof. Let A be an (T;, T;)—ggs-closed subset of (B, T;, ¥;). By Proposition 3.11, A is
(T, Tj)—w-closed in (B, T;, T)). Since (B, T;, F;) is an (T;, T;)-Tw-space, A is
T;—closed. Hence, (B, T;, T;) is an (T;, T;)-Tgs-space. Example 5.5 demonstrates that
the converse is false.

Example 5.5. If 8 ={a, b, c}, T; = {B, ¢,{b}.{ac}}, and T; = {B, ¢.{a}.{b}.{a,b}}, then
the set {a,b} is (T;, T;)—ggs-closed but not an (T;, T;)-Tw-space.

Proposition 5.6. If (B, T;, ;) is an (T;, T;)-Te-space then it is also an (T;, T;)—Tggs-
space, but not conversely.

Proof. The proof is similar to that of Proposition 5.4. Example 5.7 demonstrates that the
converse is false.

Example 5.7. If 8 = {a, b, c}, T; = {B, 9.{a, b},{c}}, and T; = {B, o, {a,b}}, then the set
{b,c} is (T;, T;)—ggs-closed but not an (T;, T;)-To-space.

Proposition 5.8. A bitopological space (B, X;, ;) is an (T;, T;)—Tggs-space iff {x} is T;~
open or T;—gs-closed for all x € B.

Proof. Suppose {x} is not an ¥;—gs-closed subset of (B, T;, T;). By Proposition 4.6, {x}*
is (i, Tj)—ggs-closed. Since (B, I;, ;) isan (T;, T;)-Tggs-space,{x}° is an T;—closed
set. Hence, {x} is I;—open.

Conversely, suppose that B is an (T;, ¥;)—ggs-closed set. Then, {x} is either T;—open or
Ti—gs-closed for all x € T;—cl(B). If {x} is T;—open, {x}n B # ¢, so x € B. Now, let {x}
be ¥;—gs-closed. If x & B, then {x} < I;—cl(B) - B, which contradicts Proposition 4.7.
Thus, the set B is T;—closed, and hence (B, T;, ;) is an (T;, T;)—Tggs-Space.

Remark 5.9. A (8B, I;)-space is not generally a Tqgs-space, even if (B, T;, I;) is an (T,
T;)-Tygs-space, as Example 5.10 demonstrates.

Example 5.10. Let B = {a, b, c}, T;= {B, ¢.{b,c}}, and T; = {B, ¢,{b}.{c}.{b.c}}. Then,
the (B, T;)-space isnot a Tggs-space but (B, I;, T;) is an (T;, T;)—Tggs-Space.

Remark 5.11. (8B, T;, F;) is not generally an (T;, T;)-Tggs-space, even if both the
(3B, T;)-space and (B, T;)-space are Tgg-spaces, as Example 5.12 demonstrates.

Example 5.12. If B = {a, b, ¢}, T; = {B, ¢.{c}}, and T; = {B, ¢.{a}.{b}{a,b}.{ac}},
then both (B, ;) and (B, T;) are Tygs-spaces but (B, I;, T;) is not an (T;, T;)—Tggs-Space.

Remark 5.13. A (B, T;)-space is not generally an (T;, T;)-Tggs-space, even if
(3B, T;, T;) is a Tygs-space, as Example 5.14 demonstrates.



https://portal.issn.org/resource/ISSN/2708-7956

ka9 i . iig_myml afll adat

Hcoademic J. for Engineering and Science
2023 L LT 2 aadl 5 alaall

ISSN: 2708-7956, vol. 5, No. 2, 2023

Example 5.14. If 8 = {a, b, c}, T; = {B, ¢.{b, c}}, and T; = {B, ¢,{b},{c}.{b,c}}, then
(3B, F;) is not a Tggs-space but (B, T;, ;) is an (T;, T;)—Tgs-Space.

Definition 5.15. A bitopological space (B, ;, T;) is called an (T;, T;)—Tys-space if
every (¥;, T;)—gs-closed set it contains is (¥;, T;)—ggs-closed.

Proposition 5.16. All (T;, T;)-Tuwz-spaces are (I;, T;)-T gs-Spaces, but not conversely
(as Example 5.17 demonstrates).

Example 5.17. If 8 = {a, b, c}, T; = {B, ¢,{b}.{c}.{b.c}}, and T; = {B, ¢,{a,c}}, then
(8.3, T)) isan (T;, T;)-T ges-space but not an (T;, T;)-Tu-space.

Remark 5.18. The (T;, T;)-Tges- and (T;, T;)— T ges-Spaces are independent, as Examples
5.19 and 5.20 demonstrate.

Example 5.19. If 8 = {a, b, c}, T; = {B, ¢ {a}.{b}{c}{a.b} {ac}{b.c}}, and T; = {8,
¢,{c}}, then (B, T;, T;) is an (T;, T;)-Tggs-space but not an (T;, T;)—T*ggs-SpPace.

Example 5.20. If B = {a, b, c}, T; = {B, ¢,{b}.{c}{b.c}}, and T; = {B, ¢,{a,c}}, then
(B, T;, T;) isan (T;, T;)-T ges-space but not an (T;, T;)—Tgs-Space.

Definition 5.21. A bitopological space (B, ¥;, X;) is said to be a strongly pairwise Tx.-
space.

If it is both an (F;,T;)—Tggs-space and an (T;,T;)—Tgs-Space

Proposition 5.22. If (B, I;, ;) is a strongly pairwise Ti.-space, then it is a strongly
pairwise

(T, T;)-Tggs-space, but not conversely (as Example 5.23 demonstrates).

Example 5.23. If 8 = {a, b, c}, T; = {B,0,{b,c}}, and T; = {B, ¢,{b}.{c}.{b,c}}, then (B,
T, Tj) is an (F;,F)-Tgs-space and an (F;,%;)-Tggs-space, and hence a strongly pairwise
(Ti, Tj)-Tygs-space. However, (B, T;, ;) is not a strongly pairwise Ta-space.

Proposition 5.24. A bitopological space (B, T;, T; ) is an (T;, T;)-Twe-space iff it is both
an (T;, T;)-Tges-space and an (T;, T;)-Tggs-Space.

Proof. Suppose that (B, T;, T;) is an (T;, T;)-Twz-space. Then, by Propositions 5.16 and
5.2, (B, T;, T)) is both an (T;, T;)-T*ys-space and an (T;, T;)-Tggs-Space.

Conversely, suppose that (8B, T;, T;) is both an (T;, T;)-T*ys-space and an (T;, T;)—Tggs-
space, and that G is an (T;, ¥;)-gs-closed subset of (B, T;, T;). Since (B, I;, T;) is an
(Ti, Tj)-Trys-space, this implies that G is an (T;, T;)-ggs-closed set. In addition, since
(3B, T, Tj) isan (T;, T;)-Tes-space, G is a T;—closed subset of (B, T;, T;). Thus, (B, T;,
T;)isan (T;, T;)-Tue-space.
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The impact of sustainable marketing on entrepreneurial orientation
(An exploratory:« analytical study of the opinions of a sample of managers of Zeina
Mobile Communications Company in Iraq)

Nabeel Qasim Enad
College of Tourism Sciences- Mustansiriyah University.
Abstract:

This study aims to determine the impact of sustainable marketing strategy on
entrepreneurial orientation« in order to achieve this« the dimensions of sustainable marketing
strategy (marketing innovation, marketing sense message« customer-oriented marketing:
customer value marketing, social marketing) and entrepreneurial orientation is expressed by
its dimensions (creativity, independence, proactivec competitive aggressive: risk-
taking).The study attempted to answer a number of questions¢ is there a correlation
relationship and effect of sustainable marketing strategy in entrepreneurial orientation?
The study was conducted on Zain mobile operator in Iraq, where information was obtained
for the field side through the questionnaire form prepared for this purpose and was
distributed to a sample of (60) representing managers of branches, sections, divisions, and
units of the company, as well as interviews and personal observations.The study also
reached a set of conclusions, the most important of which is that there is an impact of
sustainable marketing on the entrepreneurial orientation of the company in the study
community.

Gl daagia g Aasial)
daxial) ;Y g

Y 2l il ol alaia ) cliaa Al <l ) shaill 038 (e de jluciall cl ) shaill (e apasll Jlae W) Ly 2gui
Aol clia 3) ecilalaiall dalainy (Aabai@¥) &l jlie ) 5 doelaal) &l jlde Y il & e W) ‘;\M\
Sle Asiladly A5ly )Y axe o Al 5 68 pualaall CLALSEY] Claws (o Aoy Cuall puaall dia
Gt 3 e Smd e laial Al g punal) Jlae W1 A jlas JIA (e Lo laia¥) 2l ) Gaiaty cdonulal) Ll 5e
L\.\AA 1 yalaa L«A}JM}! sl (8 guail) Aduld dpanl @l jai elld Jla A ciladaiall ;u“b‘_ﬁ_mm_ul.;.dl Ledlaa)
Calide b dallal) cilalaial _.1;\ Jaa Lo 138 5 ¢ 53l e A8MNal) el Ja) (e el 5 30 _.nu Msu,
G 5 ¢« JSS aainall 5 Ll ) alal il e ddailaall d.\\mﬂ ) Lgdia 53 alviaall (39 guail) il i laly)
Ane A8l Aala) g adlie )y & Lud) g ailia ) 9 O I Aadl g Z LY (BaaT e 3 5olE Lelany () gab)&\‘t;}d\

-11 -



https://portal.issn.org/resource/ISSN/2708-7956

1cadomie J. for Engineering and Science
ISSN: 2708-7956, vol. 5, No. 2, 2023

0odallg it . iy myml <l idat)

|

s
dal) Aia 1
5 shaie Ciladd wadl gaidal gal) 5 & Hludiall Jaadl geddliall 58 (e p sl Jlae Y1 alle sagdy Lal Al jall A1 50 2
Ly Geel diudh o Gl cllabiiall e sl ¢ kil 138 Jla 5 cagilaliialy Gl cile ) ae caulis
alicead) 3y susill o seia § 930 D (e i aglal (3 L G el jlad) o aaia cJasl
& sl el (55 A8, o geadl) 4a s o g labiiall dale s ) 5 jn el A5 (gl Ml A sl skl
Gasmiill ) 58 ale J3lat 3 Al all ASe i 55 (S KU Al 5 Salind Aty iy ol b Jand A Gl
(1R (8 Adariall VLD 0 5 AS il (galy )l aa il 3 3 alaiesall
A Al A ,2

L) i DA (e Waciud ‘g\,‘@wwg\@m\ﬂ\,utw\m‘wuu\mbmwi
6 sinse (ypend Jal G Al )l JISEYT 5y gl i o sall Ciladaialld (sl ) A gl pliesal) (B goull) 43 smpall
G ki) el )l I e Al ) Lpadl aa Sy Adle 5 clgalad Plaa (8 Ll 1 50 Caali ) 5 g3
M“—\YL@JUJJ‘\S‘)MJ(:SJ\AJ|4A}.\” _)a_)u‘fe\m.umﬂ o.\)...u.“t\.‘AuA?@.uu
A pal Gl 3
SIS 5 (Bl B LA (5) A8l oyl 4a sl 8 alaial) 3 guiil) 3 ol L;‘\‘Lu Lyl (e i
A83Nal) JS iy (ke alaie ol 385 e Lol 5 Al ) slae s e sa (5 5a0 due i Cilaal o
da) (e (il Taladall dlaall 5 palall (5 aall 5 dflaadd) (o il g e il 5 At )l L) pia c YT
Lealad 3l kh e Capall (e Al ) paine 38 a0 Gl e 3 a1 5 Cilalisin) gy ) S saa )
sl el e e,
Al Gl @ 4
it laa caad S G il e Al jall caadie) i il Ledaladie il o Al ol Cilaal Gaisd Jal (e

(Y il e

@bl An sl 5 oalaly alaiosal) By sull (y A sine AV <l Lol ) A8De a8V 1 A6V A N Apa 8N
aJLsuL

bl Aa i) 8 oalay alviceal) (3 guaill dy gine A1V 3 5 an 0¥ (AN A ) 3_,m PEA{

Ayl agaa 5

& soAl) rany s (ot )l il — (31 yall Al VLAt (0 5 AS pd A A )al) Ciyda A lS) s ga )
Led dail)

caay i 5 Ayl o) jals Caalil Ly aald il Baall 4 Al ol Ala 3 2 gas) 2wt s sla M a5aad)
sl 2l e ampiil 3l Ler ol 3 (Rl _al) aine) 38 5] 3 Aiaalatl) Ayl dlae) Calias LS
/2710 o sl Ledlaal g il jall u\ww*b‘@ﬁm}w}.\dh\limj dgela sl g Aalauy! &IOS
2023/4/30 431152023

Cliball g <l glaal) paa jilas 6

e AL LB palmal) g ee_m Ol o) ] o eV S )u\ dlal cl_\cid.\.u.u o
(Y1) e shacall Lol A iledds Tt e Siad el 2l g g ay

e o Ay sl il (e 230 e A jall el culall dlaas 8 slaieY) & a8 el cailad) b Wl
-t uladl 13 Aalal) il glaal) g libyl)

(b VLD (534S i 8 Al yall die o) il ae dpeaddll COLEA (e 220 ¢l ja) Al -rAuadldl) ALRAY
3l

Craana 38 5 4y glhaall e gleall g i) e Jgmall i Il jaaaadl Aoy aad - AlLSud) 5 laiul o
&j‘)“c.{yﬁ-\‘}“udﬁfud‘ cc‘y.aﬂ\jé\kw\a)\.«.\u\}\a.\hé\.:\_\mkﬂg‘;:‘,):\s‘scm\)ﬂ\u\}meu&aﬂ
UMAAA.LAS‘ g\_).\:l‘w.lﬁc‘sja

it JAda — alaiall (3 guadl) 1 oY) Ciaall
2Aady U ol Y gl

-12 -



https://portal.issn.org/resource/ISSN/2708-7956

1coademic J. for Engineering and Science
ISSN: 2708-7956, vol. 5, No. 2, 2023

0odallg it . iy myml <l idat)
2023 diad J4T 2 aml) 5 alaa

|

LJADJJA‘}!‘MSAJ";Lum‘\.g@_d\k_lb}m}d‘L)Ae\.l.\.uundd}uunzjmyu‘é‘b‘)m\:_d‘ud}uu“&_\l_ud‘_)m
e aslll pmd¥) Al S pa il 3 ead sy ot Al ol jiall ()5 LYY (e 2 a3 (e g e il ¢
L;\PASIJM\UAMJ R FA UAUAL.\S\@.\SF?J\;J\ plaia) Ciga g LS gl e Aot Ll iladaiall
(2009¢peng) DLE) 288 ldas ol g jladl sbie @ B_yadadlll & ol iy ghuna g cd sl g 40 5 5al) Calalaall g ¢o 5d)
Parsons & Aalaiuy) Lean) ddiay 48 55 IS e Laba®Y) V) Adadily ddlaiad) <l gl (10 de gana I
Joatill g Al Aallad) daall) UML aie 78 Al 5 alladl Ji (e Aoy Alaia¥l o123} (2009:143)<Maclaran
Um)ﬁi.dl O Gl Al cilalall ‘;\L) Ll e daldivall dpanll ¢l e g c(BrundtIand) 1987 sle
LalaBy) Apeiill Jath Cuwd apll dala sl Aalaia¥) o) ey ey o(Lelalial Al A Adsiaadl )
DAl Sa dpelaialy iy IS Sl (K ?SJ ole JlE g Allad Y Jlee S Laay oSl daclaiali g
has palia ) c.u;.d\ o Adlatial) A8y gunll lLEELLL 5 <l Hall o 3 ceL»J\ )SI oluti) )hi Laaechlinladil)
(Rlo)u)c\‘_ga_)j\.a‘;\ b‘)LuYL’_).\a.U c‘;\.\.\.“(ﬁdb‘)ﬂd.l‘,uﬂ\ QfAJ\@juﬂ\&)aA;Y\uqyd\dub)‘,L.\A‘,
s e (8 <2002 ple (Johunnesburg) (o8 el vivall 4aiill 4allall daylial) a8 jaisa <1992 ale
‘ ‘_g dbu;\j\ c_:\s_).m c_:u"}umj ‘)bé‘ ‘\.uaﬂ\.mj cn.‘uJA t-\thA.l\ u{.uu‘g &u.a\‘yd‘ bM ua‘gm;ad.u“)d
A.A\.\.\.um!\ Jlee ¥ ddadsl Jas L':J Jsaall caxia) g dalainy) gad Climadl) J3l ) Lﬁ LB Chga o8 Sl
A8y gual) Aalail
saldiucall 8y gudl) o geda sL3G
cJlee V) Giladaia cilala g b3l cilala G_\L L,,_\S\ hc\.u;\_, Lu.u A g pual) il jlaall d\.«:‘){\ Ay Jiae g4
*uuh\m&w\ Juay! eJ.\sUAJJa_'J.leA_\dLAcY\ a&:uu

Gl sa J g ”@Au’ sl g Alad) d\.ac‘){b ol clalad Lad pdlia C“J| (3 gl pdlia arali
Ae yuma g Gcbuaﬁﬂ ol (o s Lr\L\S\ ?}G‘“'“ Ll ecilalaiall Sl Al calalal) 4l (s qéd.\h.\l\
w\ u\a\d\ m.\lum a9 @.u\_).\.my‘ .EAL;.\S\ Sl ?J@An u\ O kf cu;b‘).“ MLSM\ 4_\.&:13‘).“.:
hm\)dt}myﬁjsduc\ﬂuwjua\_v‘).“w\u\a&\‘fﬂagﬂ\(:\md\ua}uﬂ‘e‘,@a‘ﬁb Aalaiall
(l)d‘jbdhwgm‘wﬂ‘}(ﬂ.\u&d‘w}uﬂ‘ s Omadll (S Al

G ulEl (g gl plaiaall (33 gaal) Cpaa a5 e (1) Js>

«5435'35‘ G gel) F‘M‘ o gl FERTEATIN PN
JaY! b glag sl (5 gudl e (3 g g gl
Gs ) Ld) (gial Ao laia¥) dald )l 5y e bad) ciagl)
(Gsed) L) g0 oo ) g 251 g8 e (38 53 A3 sl Tanal
SLIEY) I Gl g clala 5_padl) A5kl aadaall clals alaa¥) 5
L) AUl allad) SlgEa) Oosl) e Asilad Loadlad) 3510
$LaBY) pladl) gadas i) claasal) sl

""Contemporary Issues in Marketing & <Source: Parsons, Elizabeth & Maclaran, Pauline
Consumer Behavior"', Elsevier Ltd, P. 142. 2009.

‘;\AJMUM‘MJ(Z)JJAAJJALJAJJ}?:\&L&A‘aMuy
pltusal) (3 guill) 2 ggda A Gfialll g QU (pa 4 gana cilalgoul (2) Jo

‘AJQ.!.A.“ dadall ) haall <
Jalsi g ol 3N pa Adyia g Aaily e 4ald) Aules 23 2008 Schmidt & 1
o geatil) Sl aa Al LAY Riedier

dagye clidle sl bl clala plud) 4de 46 2009 Lussier 2
LeldaY) Al ) b agd Aagil) aludiy cagae
Aokl

aldaall zady @ Gl JAlle e JAda 1 2011 et al<Basile 3
Aagdl) (BIAS AN 3 gal) apliiig AglANal dpeaiil)
st luall Gusilall) mlbaall ilaual e JSdy
dgaglal) A5yl c(@\ Al slE (plalall

-13 -



https://portal.issn.org/resource/ISSN/2708-7956

1coademic J. for Engineering and Science
ISSN: 2708-7956, vol. 5, No. 2, 2023

0odallg it . iy myml <l idat)

|

clhad 13y daiial) dadily 438 LelaiaVlg
Cra aldai (paa Jand ) Aailal) b Gubae
il L g e laia) & gganal) Jlas V) (galis ddeatd 609 2010 Kotler 4
Gl e J9 Alfiuadly Adad) clalall N 539 2011 &Armstrong
Aalaial)
Aal) gl iy (b3 e dabilel) Juai) 4dee | 10-11 2012 Martin & 5
A pdal) 3y galt o Al DA (e aly dlidyg Schouten
el e (A Lab g e g Amgaball

Gas—uaill Jal g 350 g sgda o (finllly LS (38 o il (2) Jsanll (8 Leal) JLGall maaliall (e s
380 3 calall (a5 ESH IR Gl ) (5 5m ph sl (B gal o sgde b Jaalall (il 5 calioaal
A AV (sl geJara s Adndd ) (il 5 dilee 431 e agia (sl
alicaal) (g gudl) alay) s
Gaonlll) ) dsed Geualy aldiua) Gygudll o) e (2011: 559-563:Kotler & Armstrong) s
L c(gc\-e:\;y‘ Gl s ¢y i dad (Bagnd sl An el (G guilledlla L Gl 3y gud chlSl\Y|
S S W e 93 Alladl Al jall 3 alaal) pa alaie Y Litady Al &) ) yaal)
& 5w all Alan sy Glld 3 gay g sl SlaieY JAT z3sal ) Jisual m

Aald) 5 iU Al B8 Jal (e e JSp aliadd) Gy el il Jae ) cilaliia (a oal) sl w
@mwjﬂ@ub}qu\cbjj\umuc )&..45 ‘M\dJA\‘;ce@xAM}ﬂ\uuM\
81 e i (8 i o5 130 Ll ) (8 A Al ) o Ll i 5 iyl ¥ o34 o
szl @\}S\ oe nu.us

u.u;l_\l\ (aLA.\M.v JPRS-EN 43 a\d.@;,,ul\ u‘)na.d‘ EAAJ g;)ls.u‘i d-i}uu!\ ‘a‘%&a cuu.\ LSJ‘S'“Y‘ dg}u-\n .
uuﬁd\uad.\)ﬁ cd\;.d\ ‘&‘fu‘)w‘jw‘ C@é@abﬂhwdww}mﬂ\&‘_gwﬂsy“j
T5°F) c(15 -2008 cd‘,S) u\a.\;.“j u\A.uAl\ ‘; t‘dg‘}“ ‘_,Js _)15-\-33” CB.} Aalizg Jj c(t‘d.\‘)“ _)15.\.1\}“) u.t;lkm.«
s sl s e 500 sed gl Ll adas aaa it dae G50l 43 e IS5V (2008: 17<Schilling)
Bfa g by \SH)
Aalad) eVl sy s ) 45 JSE 8 Ly a3 ) Bale coladaiall oo 0 U (o) Baguds 2

ucu)w}c_\w\ubalpgwwm}maﬂ\,@u\m)ﬁdmmGAL@:MAJ“ Lalaiall
Clay b)) Aaliiall Ay Lol 3llay Zadgl ) ) 135 cands plladll L3 aldall (o Y1 cilalaial
ol Lba s oSa Ol sl A8y o4 dalaial) Al ) (2008: 206¢Ferrell et al.) —aas WS (177:2007
)J.@AJ‘;M?‘}SJU\ML\-\A“‘;D Al puds gd chJPJuMJ\L@BMMLuA\AJLmJGm Led Al Aaualall
i

sl jualiall (e de seney Chualy (3 suilll 2 sgda O (N (39:2010 ¢ 2o ) W 1 Gse 3l An gall Gasudlll 3
(ol Zlaall aial) Jaal) gy ¢yl e s claliials slaa¥l Jidh secyse 3l sm an sl pualial) ol
Apy}cg\gsgwyssﬂ\‘f\cojﬂaﬁdhly‘Y\ cﬁh\@‘y‘mm@uw\uauchaw?c)&h‘,
Lead Oalelall g dadiiall Hlaidga 5 (1 Gl s 05030 bt dga 5 e lalia¥loda aaad o e 5 o053 clalialy
)M‘)Nd%-.'dwu‘a—‘;a‘;e—‘* (sl Sl dga g (e Ay el Lgilaal odatiy lasi o dalaiall e cany LS
M\@,\ uY\ ;\ye@_\\a\;t\.\u\j?y‘adﬂum‘ uah).“wa.c-"mu\am
%M‘MY\GAW}M\LJ&DJJP (';JQM\@)‘,H\C_\;A\ u\,.uﬂwd.um 4
ums\dﬂcuy)ﬂd.umm 3.8 ’w@mﬂ@)\;ﬂuy)“cah|}‘u)$ "L"'J;"LS"}“‘"”‘\A}’C-“A‘J
‘9\e.\gd;&.\l@.\uwu‘}“c&}bdi;\k;\u)&d]ﬂuﬁ)]\m‘;:o)S)AUJ).u’J\J(&gJ\A.“u)ﬂ\‘Ed\AQY\
.(293:2009 «saball ¢ lall) uyjiwésuuﬁuw}:ew}ubﬂh

SLie Y1 i AAY) VA (e e laia ¥l G gul) il ) B (Aalliall) 5 i) dalial) 3255 ;S laiaY) Gagasdd) 5
Kotler & Armstrong) s saall e sl 5 ¢l 31 cilalaial g dalaiall clillaia g Olgindl Clals
o Aalaiall (g sall Jaal) a3 (5laW) 4 53 aly celaa¥) el ) (Kotler) Uil «(2000: 565
Coamailial) (5 i Ao 8 5ol Ay s yall e LudY) gaiadl dadaiall Agd o Adaginall (31 susl] il 5 ilaliial) aaas
pasiud 3 ¢(42:2009 oAl ol o) A Gual e ainall s O O JalS ae s ) e Jadlat 48 jlay
(_)u‘}“ «lelaald) cJ\JéY\) Cadgdl ) seany il Aae L) A48 gut LSS g Jilu g Cilalaiall e da2ell

-14 -



https://portal.issn.org/resource/ISSN/2708-7956

0odallg it . iy myml <l idat)
2023 diad J4T 2 aml) 5 alaa

1cadomie J. for Engineering and Science
ISSN: 2708-7956, vol. 5, No. 2, 2023

|

A g {galaa A;_u..uqss‘cubd\iuécLg‘}.nﬂ\djlad\@)ui_ﬁ\d&@t‘;cm‘ﬂw}uﬂ‘u_)cu.\;@
Acadmy for Educational Development) @ ol (e Yoy EE 5 dpclain ) dndiall Gaiad  jal
4.\.\.\]\} MM‘J AaallS saaeia Ylag Lﬁiﬁ}.\.\a Onslie e\ml ‘f Al ‘;}'43\ LF{:LA.\;Y\ a:_u)uuﬂ& ‘(2000 9

@Al ) A gl :‘E,JL:'\S‘ Eaaall
aly ) a,.ubb e‘“.&.a

33kl aggda 1
Jﬁjh‘,njglauu.\_)u‘;“ d\}YM‘Y\&A.\uZOOuA‘).\S‘meM\bJLﬁ)”@L..AAu‘u‘A(ﬁ:‘)néc
(JSJWJ@‘}JM&@JUJ.“@)@A}DJL‘)” ‘_;“Awy‘jb‘)‘d\)”d\é.a@u.b.u)h.“}u\.lg\ua‘)u

ub&h\yajb)\tyyé@a\.ﬂ\)w)\ﬂ\u «_“.\3 TN E,}UMJA"M(’M\ (K%Y e agia
e e (385 (38 g pual g (gl U] lia Ll OV aad 5 ) ol )l ddna iy jai elac) i@my‘fa).us
(70:2011cdaeland) Jlnall 128 8 cpfialill

Ul aais (Unternehmen) aslall 4alS e Sl (Entreprender) 8 Jad e el ALlS B2l 18
Gungaphul ) bl Jeady ce Qhlly a2l o 300Gl Ja3y (Undertake) o8 (sixall ouds oialSl)
135 35 9 rale ) ansa Ledye 8 (g alll inall Cus (g Baly 1) o ya ¢llis 5 (2009:211&Boolaky
Gl Guad) I3l dalla b (soal slaalls o) sall (o Ledsn Lo i i )1 a1 sedilln g 5ol 5 T ) 5
.(391:2005 ‘u;ﬁ‘)

Al 4 gy 2aly Y il (e Lelal 8 45884 3aly ) ‘*-45 ol (23:2010:05503T5 Hall) sl
adbgedly o sl 2gas Ay 2l 43 35 (Takes Under) PR

Al lial d ylas Al g Apabiasd) A4 plaal) ) 3 gy 300 1) Jeal () (1998:125 Mintzberg et al) ksl
O ) ) Ll il i) ) a5 Leatiy ) alud) el 5 cilaasll Glas o jall daall juaisy (1S 3)
ol A e sal) Jaall s 2 A Ty i (1 Bl AN g e 33l Ty jad calac ] Gl s slalal)
ads‘yd‘ c«\_).uJ\ _)Lsu.u\ JLBAJAMJM‘).‘AHJ&L@AAGJM‘}” uAm‘;uLJ“ d;a.d\‘f\r_ bé\.:_)ﬂ _)JJ_)S_)JM{;
Roberts et ) s34l aseie I §10Y) 4 seia (Schumpeter's Work) <ibial LS S gall yuall andl Slasd
.(2007:4:al.

psgday cppiall o al il A (Entrepreneurship) nb)l\ lhias u\ 8 Y (3:2007¢ CJL..a) B RS
d\A.A @ Luu‘}!‘g bd\.\_)” u;.u.ai 5).\;\}“ MJ\J‘ QA‘, 4.\;1_1\.\.‘ dLAG‘Y\ f"“'c Cmb dUm é‘; )...n.u\ (_fﬂ\ u‘é;.u.u\.“
oal,ul\ M\ 2

Y seal) J ODE e IEY1 ) cleleal) Lol ) Cilllal (e Allad Alla o)) 5 al S
s agraadii g Cilelaaldl 5 o) 3Y) ul;\;&ba\ssu.ma.\.‘bjaﬂdm 58 'd);wﬁﬂ\dh}u%hﬂ}
o) Se (Griffin 2003: 123) L) 28 (2010:46¢2 90n) o)) 4 AJA.JU &\A:Nl MR e el slaadl
S AST 53 Ll G uA O ) (S Leanl o5 caan Ll A5 sl a8 85 sl ol )l JlacY)
On Il e S Lgtaanl s 103y 5 il o) a5 el s (e g 3mBY) a3 Al 5 Fage Al
ksl c_\.\mﬂ\} «bgaill g ‘uu{_uﬂ Gladd a5 colial) Jleel s dlaally @"“J M.UA.J\.\ @"'“5 G PPN JPULTLIVEN
Dkl Gl Ay cilalaYl dala G Jee Y e 5 yda e (8 3Ll dsaal ) (45 :2006 ¢ pisall)
\.@.\S&:Lﬂl&g.ﬂ\ JSEIL 3 5l o) gl )Laﬂﬁu\‘,)&,\‘}[\c‘,)mj@.\;d|é‘| e)mmyuubﬁms.\}}qﬂb
A e su s ) agdl (e

¢l palad g asgda 3

Il 5 pge LlaaY) e Slalaiall 3 )08 4 (<5 ACE ST clgd (g 503b )l 253 5 (0 Jlee Y iladaia a3 Y
\:u u.ud\.un‘, Cilalaiall elli 4041 \A)\A.uu\j ?FL:‘J"‘

AalSll o3 a2t 5 (233U) a5 (Prender) s () (2s (ENtre) (o 5 dsmi ) Ll (0 Aidia 52 511 4 )
JLWJ\AJL\J\)SY\ A@A.\qu_g\ ‘umU\)wM‘uuaJLM| |‘9Lx;_uu.1.ﬂ\ abﬁ\ A_qm‘,le\.c dSou
oaddll @y ga (ol Ll cbyaall LY ey Loty Siald o AYI e calisy @bl cuas & g ey el
Jsail Hlalaall Jea s dual jiuY) s Jlee ¥ 23 sail 5 ¢l 3V 5 ¢l sa¥) ) zling i) 3 ) sall 2 53 2 panny (53))
.(2008:5 Barringer & Ireland) Jwe) ) &1 5aY)

gl 4l 4

-15 -



https://portal.issn.org/resource/ISSN/2708-7956

1coademic J. for Engineering and Science
ISSN: 2708-7956, vol. 5, No. 2, 2023

0odallg it . iy myml <l idat)

|

Glaleall (uat Al 5 300 () J sem sl Aadaiall 4 2gai (gl (5 ) glaiall 5 el JLL.YL'L;ALUS\AA}.J\ Jiah
x5l o (2005:72:Wikind & Shepherd) _Lils (Dess et al 2007:454) dekial 48l 5 aiual)
(Bl g ol 3a3 il A sl 2ol Cilaadl o) aUaal e aaiay 531 i il 45 5 o6 g3y
ax 5 1) (2008:3Dess.) Sl s b i uuwyuwnpdm@vuﬁ\ oSt Al laall 5
kil o 3 e AY) clalaial) Audlia s Tyl (aal GLEKY aliial) 3 Gulud) sadd) 4l e sa )
ADDELY) 5 Adliil) due sagll 5 Adlan) g ¢ hlaall Jaat gep ) (A KV 3oL 5 LA Lgaal saaal)
dagj\ 4a il daal 5

0SS (g & 1Y) ol Ciladaiall Cal a5 egaby )l daal) Sasal 5 dagall Jal sal) aal dae ) aad sd e lay) -\
Lol i w\ww il Kl aa L) usuﬁ.mjmh.m OV (e saall IS8V ey Lo JUtidl Aalaiall Jua
Cla sl @ 53 ciladaiall (e callay 35S it Telal) 5 a¥) dae b 0sS o oSa ey g cansi
4313 Bl (8 a5 LS ¢(2007:378¢Hitt et al.) ¢all goasll a2y 48 laall ) JEnY) 5 Ll il jlaall
A paall g Alaall g saaall JEY) aed Aadaiall e llati Ll e daelaY) 2009:277)«(Bateman &Snell
s Aladd g Giladtia CLu'}I don o) <l 5 40 LY Olilaall s

=y m.ml_')l\ A_AJAHJA_UJSI sl Jpa sl LEL Jaall 8 2 ) o A0 T dEy) o
(RN PRV aaind L e saly Jlae Ay Aailal) Zpapdasill (oalaall o HA& Jaad Al (35l A8 e JS e galas
MLAA“A_J\AJ\ <l 3l gl g ali Al G 8l jaai g Baaal) u‘){\;.d\ & 8353 gall o 58l) Jalis a8 )l Alsiial) Janl)
Giw\g);mh)l\ujsgdlwu@u@m sd.u.“u\;\);|u.mn.|}io.\m;.“@)\.ud| _)J}L.\_’@MJ
‘;\.LIJ‘JJS‘M_)MM‘}LAJIAJ‘)I?JM\Q_\S‘,HJA\}UAJS.“medm\‘)&x\écw‘tw\xms@
VA G 85 A Sl gl iaStall o le g Jiad LML) Gl A il guin go lganiys s30all IEY)
.(Dess 2005:427etal) ml-ul\ wa il 83l )y uad

Aoy o

a4 y2a LJJIA.U Glalasy) ddliay) cldaid) uﬂ‘_).uo.hda.“ oadll e 3t 8 dadaial) agen (Snd
S asE ol oSa Sl aaull JSLaal d\)d\.: Skl & <l il dbal; ol ol 5l Al coltlaia)
Sle a8l 5 lple Jaall e 150 ) S5 o S0 5 <l i) I ) Jash panats Y A ALY 5 sl a lial | pa
Clabiall €l jabaed AlaiuV) a8 ga (8 Oaudliall aucad LdY dpdliill 3 50dll 318 & Tas Aleld AEELY ppudliall
.(2005:430:etal<Dess) 48liwy!

Glalall s cclalasyl 48) e il 8 cllee oo 48L00Y) 1996:150<(Lumpkin &Dess) g sl s
A_I\).\.\a_\l\‘_;c ;:Luu).zun e Mm\.ﬁl dSLA.M“‘;Q u_):_J\J ck_ﬁkn Gsu_ﬂ).ua_\l\ c&y;cw\;ﬂw\
Lpaine 5 Al ) 5S5 o)) ang Aalaiall o 1995:457)«Chen& Hambrick) o IS (s s s, Comsliall J 428 giall

Aalaiall ‘ﬂjl;A ‘55 th_mll_' AW et A8ty Ouuﬂl.ml\_’cu.lb‘)n} ‘&m\J\,;h;}J}.\S.J\ G;‘y ‘55 L@_\.\.\.\S
uQAM@ug&ﬂMBMY\ Z c_“ds_jc@“&‘ohhﬂ\wd;\mM\@uﬁﬂd}Pﬂdméc
u.u.nﬂ\.\.d\

O Jadl IS8 Jaad ) dadaiall o gea ‘,J\ 5 Competitive Aggressiveness:4udliall 4asa¢l) -
Jla.u‘j\ JIE N8 g8 ¢ puadlial) pe o laall pia d..as.l Leldle sl aa sl il ciladiialld ddeliall 8 Lgandlic
M\a).\d\‘;cd}_m;ﬂ}ﬁd&adsuu\j cﬁyﬂ@‘é‘;d)‘aﬂ\d;\wch)yté@m{j
Joal )l elalaall @u@)g;\q;ujuw\du:ﬁl\.asM\mP@J\ ol cdadaid) saiy il 4y LS
) Byl 4a g L@_ﬂ ALY 5 ety e Andlil) A gagll Caliad o ddlany) s delayl Jie gAY
Hitt et) sass (2005 431cetal<Dess) Ayl a dll (Je O3S0 A Gpamdl Laiy Cpudliall

rot Dlabaiall (ool a8 sall Gamnd ol e sy yla Al de iagll o)) (2007:3784al.
Jas dastie s 3l M J AN @
Osalall u.u.ué\la]h Laldl) bl § Gl jledll Al85

g_q‘)suus.y(d)i‘;mama;\\ o=l e 3 miudl clabaial e ) iS5 Risk Taking 3 _haldlall Jaad -z
hdbjmbul:ua“u‘,&d} sc_u\_\ﬂu)uuiujdwo\)uu)m.uub ch;bu;&umdﬂ\&jw\ugﬁb\
@L@_\.\; dmk_ulskr;\.“uw\ J\ d.a\)la.“d}@ud&du\iﬂ@;e#\&\ﬂbcﬁ@\L-ﬂlld'édl.cggﬁ
shegpall glle i g (gl Llal 3 jlalaal 3l cilabiid) (b aglle ddle claile e Jgaaally ¢ azald)
@j.«m»‘}!\;@.\;d,;»\Lg}a.m;ul;.ucumjw\ JJ\}Aqu).uS&_aL\ASg |).\.‘\}\‘5o).\.\5¢.‘h‘aua|).\sb
(2007:462Dess et al.) 48iiSa ye L ol 435

A A el L) sl inpal)

-16 -



https://portal.issn.org/resource/ISSN/2708-7956

1cademiec J. for Engineering and Science PYNEX (PR ReNT] iiy_myml il aal)
ISSN: 2708-7956, vol. 5, No. 2, 2023 2023 daud JLT 2 aall 5 alaall

(Al ) &l e Cym s Y Cilpua b Jl.u;\)

lele cuai Al salasly (ool N s sl 5 alaioall (5 guill (G Dol y¥) A8Me Jalady jLaal) by aagall 138 8
(t)w)u;\,muuuﬂ\ Jalas alasind yue @lld g Lgie A8l dpe ) cilgua a5 I 5¥) A 5l Dy 3
P PR

A9 Awri ) il L) 1

Slanly (530 1) A gill g alaicall Gy gadl) Gy A gina A1V Cd Il ) ABDe 3 53 Y 1 (H) adad) dpua b
odlaly 2l A i) g alieall (3 paal) (i Ay gina AN 3 ol ) ABMS 2955 1 (Hp) s ol A b

e gl (1) Jlaa) alasiuly ) Tl Y1 Ciblalas LAl a3 a8 Lgade (e dibian ) dpca @l J o da) (s
‘éab‘).“ﬁ‘,.mﬁjM\umj\M\J(X)AM|@JM\}A}M\umj\M\uuu)ﬂ\MyM
LjAA.IJ ‘4_\»;51_\.\.\\ 4.\.&);@_“ cULﬁuY‘ cdm\ﬂ M.ﬂ:b:‘j‘) M\_)A.“ Y ‘_g Baizall d__ieadll bJL’_'t.I (Y)
(3) djéaj“ﬁcb.ay‘.as‘g(b‘)_kb.ﬁn

A gaaall(t) asd aa sdlasly 530N A gl g alaiaall (5 guail) (o B W) GBS il (3) J g

tdad @3l An 53l dasd Al Adaall piial)
4l gaad) g dasagd) FEEY FRSIE] Leluy) @3
Ys 8 kldall | Y4 dpedlitl Y3 Y2 Y1 Y Jiisal) jiial)
2.662 0.842 0.714 0.776 0.690 0.786 0.876 | X aliceall 3 gul)
4all) 4y ) 11.784 7.699 9.889 7.197 9.599 8.889 4 guunall t daid
0.99 (0.01) (s 5a die (g3l 1 A gl dlayf apand g Ay gina AINa 3 g A go Bl ) 4BV 20 g0 4@l £ i

N=60.43 5550 Agulall cila i o alaie ¥l Eald) dlas) ; juaal)

(3)d‘5dﬂ| ‘; 33l 5l Cu\.u.“ O C...a.u

1 icie Lghan gy altidl) (33 90l (0 (0.01)c5 sose die %y gina AV €l g By 85 A sa Lol ) ABe Ags i
c(OS?ﬁ)h@uM\LEJY\ Jalaa 48 caly 3) c\.lmu\...ou \).\uaumyddb)l\%}\]b c)&m\.m.u)
138 5 ¢(2. 662)4;.\14!\4.;.\;3;.\! (t)wwg\@J(S 889) ‘_\,J.n-u}..n.dl (t)wu\ﬁdh?cuuj
«adudall oda Lﬁb).\}d\ A\.su\]‘ d.\};.l‘su‘)d d);u,ae\m.d\ d;}uu.“ :L..u\).ﬂ\ CA-\A.A4S)-HJ‘ u\ L_f‘c d.h
gébj‘%ﬂ\&u@*m&\

Y3 Adliuyy?2 ddddainy) ch%ﬁ-\dﬁ”) e XS s(X) ?‘M‘ Gagal) G Il Y O lalee dad Carly -
(0.776) <(0.714) ¢(0.842) sxaira dic B & paie Whia g (Y55 bl Jasd Y4 dpdliill 4 sagl)
(0.99) 4 da 3 xie I 5l e (0.786) <(0.690)

«(7.699)+(9.599)} 11.784) ¢(7.197) iy &y susadll (1) 4ad o 58 030 Lol V) Adle 4y 5in0 pey Lo
paal) Ao b (5 s 135 €(2.662) AT A saal (1) e e Sl Lemsan (g8 5 V531 o {(¢(9.889)
il el (A gl AV il g A g Jalii ) AB3le 2 ga g ) i 138 5 ((HIp) 2 o)) dumjd s 5 (Ho)
A8l Aue gagd) (ALY AaiDNELY) ‘Mcl.l.\yy - Aliaiall Baatinall dedd) Ol juiall g calainall gy guail) Jiiusal)
d)\; %) Mﬂ\ n.mh G.u.u M‘_)A]‘ 4S)J\ u\ ‘;c d.\.: \JAJ (99%) s 4_;)&.1‘5 (o_)L\AAM dAAJ}
k.l\)\.l.\GY\&nd_\:Lﬁ.\;Y\;@.\.\.“hLaﬂ‘ de.lyd.\s;a@d.m.\d\q@M| ) e agd dadll mludi g agaa 4 )
3l g 5 505w G Lo (g2 3 iy ol

Clalitiuy)

H -17 -



https://portal.issn.org/resource/ISSN/2708-7956

1cadomie J. for Engineering and Science
ISSN: 2708-7956, vol. 5, No. 2, 2023

0odallg it . iy myml <l idat)

|

3 _patusall Cilipanll o) jal g sasaall SLSEY) gl (g ISV Gy pull a8 A4S a0 Al de Hodala cllia o) o
£ L Aas Jil g alasiud 5 cculaiiall @l )53 (Gasud A 5aa (331 5k dlaie) 5 ccilaadll 5 cilaiidl e
e ClEall Al 5 agd Lia 1 (Gaiat] dadiall cleaally (i 3
uhbé\k@u)%}da)kuccfd\.u_)lbu.u\.w;y‘dn}wad;\.u\)ﬂ\@auz\s_)ﬂ|d\‘)d|wﬁb‘)ﬂ‘;\c °
sl Al 8 ALalal) ol pal) 5 0 5 LIS oY) lasy 3l ol L V) ALE 48y st il 5) 4, 556
Ll e 5l e Led Ll oSE Al e Slad ) EaY) aae Alls 5 Aaliaa)) asles

(ot Tty (31 (3 ) s 435S0 30 gl (B gl S A ) i AS 80 i) e p2 0l o @
S ol L3 ) M\Ju‘ywu”muu&mbm‘;gM\,‘mu:)\wm}asﬂicuy,‘a
JSMJWJMY‘UA.\JY|A.‘ck_1).4u|uaa.\!u‘y_)n'”uus‘;‘chy)éﬂumw
b‘)\a\e.\.@_aﬂchbj\ﬁ;ﬂ@.uj\ALsu‘ﬂuuuambdﬂcua.nﬁ‘)d\‘_g‘;}y‘u‘)dbw\my‘A:u:.\a o
3 Siaall J shall g 3agaadl a5l sy ol Y1 5 CileLaal) g sl (0 48 jrall 5 oY) G‘:}SIJ_MMSJ_..J\
D8 Ay A jlai Aadle el ) DA (e a0 e o) ASEIL AS 5 8l Alaial (e Sliad cdailall JSLsall
Bl G Lils o

i 3 ecsaly s il a5l eV (G e Al ) sine AS 8N (8 A Ayl LDELY) 22) Jin) @
O IV 5 1Y) Bacl8 a5 8 At senly 5l A il () Jsea sl o) 531 5 Jandl (30 Apadlall 5 oY)
Al 138 DA

&b g3l

Sy el jalall (318 50 3 alisall (3 susill Al i) ae Lmad s il dpa of i€l i) e ]
AS Al 5 O sl Alle 5 Baan da aali chaaal)

3ol dglle Jae Al dal (e 485 pall 5 Adlad) Al jall paine 4,800 Jlae) (8 7 e sl) 5 48LAE] 385 2
s ISy g A 1 il ) al)

a1 A gutl) 4 el e sandl Lea a5 350 Jala (e 5 jaaiall & jleall (553 ol 31 el 3
e IS 830 § sl g (5 pul) (8 LB Gl s Lo pumal) Audlial) IS, e

Tase il (Aol ivuall Ay guall Lpngdl iuY) Aelpa 8 50l (5535 AS,a0 8 ALdY) g pae o) )3 4
el Al e (3 sl

e slaall pan (3 AS 8 (555 B plae il Lo Ll Al ol HLaina Al jall aaine S 580 alaia) 33y 5 5
Ll il Syl dalall

+Aaliieall il jally Adlatial) cila, yi8al)

sl il asand dplSal (e Sl a0l Clabaially Lo jlia 5 dali) cilaliie & Al jall hbda sl ]
Ll Jea

‘;w\ claYy) d.\s;.\ # b‘).\i U‘Lﬁ} 4l ds.u.m]\ ).\’.IA.“ u,us.u JLA.\:;L\ M‘Jﬂ\ Jalad s 3lSlas 2

u\).u.mskf;}u.\ﬂ C_UA.“ ).41.\:_ JLA.\Q‘&AL@...»S;M.\J)“ M\)J.“ ‘_1\).\’_\44 A\.AAGDM\).\J‘LLMD\S\A.A 3
Ao b Baaiaa Ol paidS (a).’nta.d\ Jaaig ‘LEL_&...‘J!J‘A.‘;M,N\) Aldie) g cdae i AlEiaa

<l el YLaid daial o A je Sladaia g 3l jall A YL palal) g Uadl) ladaia G 4 )lie o) ja) 4
35l Ll il g Lgtiadlaw e el s Canaall Lol i Cags CaDUAY) Aa 5) AdiaSla 5 Lgaai Adlall 2yl
ol g Uaill 8 38 jall Ciladaiall dlal) a1l jalaall (aias OVA e cla 3y 3o im i) A _jidial

:JJL«AAJ‘
Ay al) jalaal) Y gl
.22010¢0 Y -oles ‘C“JJ‘M 5 il glacall Hla ¢]/da " 48 yral) dalaia (ablS juad cdgea ]_
GO 1 1/ o Saail) g Audliall @) ) JAda B piuall e g pdial) B 10 "cuua c)l& (i) 2
200602 -Chas <@gl g il
—Clas e sl s il aliall Slo o Aal AuY) B I eias Clualioda & L)) ae mlla udi 3

20082V
- d\.«:c@jﬂb ol glaall Hlaon gﬁ,&lkﬂ - @@A JAda :&yﬂﬂ‘ ullud g Gél..u"ccmé ‘?Jc c‘#c)']\ 4
.2010 <)Y

-18 -



https://portal.issn.org/resource/ISSN/2708-7956

1cadomie J. for Engineering and Science ekl 19 Gt hueld ...Mslﬁiﬂ alall
ISSN: 2708-7956, vol. 5, No. 2, 2023 2023 Lt JLT <2 asdl 5 alaal)

|

! @8l 4l ‘L;ﬁ(\ Aokl o1 ga 3 ALK, [BILAARTENEN Lﬁ_)}ﬂ egi\.hcg;d\%ajb ‘ULLLH;; [ g “;‘\U:J\ 5
2009 )58

BRI C rduaal) Gagadl) salsa s ihias Gdlly dauldl aediseay (el LS ale 6
2009 ¢, -glee cga 35l 5 paall 3 el la BN Aagdal) ¢ Gaadal) g

galad) e paigal g cily )y gal) 1Ll

bl Apunldll Alae ¢ G £ 10 o W i) g dpeLiall cilaliiall & g3l i paibad Mo e jeecdielan) |1
200712221 €13 alsall cdalia®@yl g 4y Hlay)

e Cany (Al (ALESIL) Gy — dpadldl) paibadl) ey LBdle g Laby ) B! (e saal (xlla 2
2007 dlazy 8 sdriall () j2l) e V) Jla ) aladl jaize

dgiaY) jalaaall LB
1. Dess, Gregory G., Lumpkin, G. T. & Eisner, Alan B., “Strategic Management:
Creating Competitive Advantage”, McGraw-Hill, Barded New York, 2007.
2. Dess. Gregory G, Lumpkin G. T, & Taylor, Marilyn L, " Strategic Management,
creating competitive advantages", 2" Ed McGraw-Hill, 2005
3. Bateman, Thomas, & Snell, Scott A, "Management: Leading& Collaborating In A
Competitive World,7" Ed, Mc Graw-Hill Irwin,2009.
4. Hitt. Michael, Hoskisson. Robert E. & Ireland R. Dunanehomson,"Management of
strategy: concepts and cases", south-western.2007
5. Kotler Philip &Armstrong, Gary," Principles of Marketing: Global Edition, 13" Ed,
Pearson Prentice- Hall, 2010.
6. Martin, Diane, Schouten, John, "Sustainable Marketing"”, Ed, Inc., Publishing
Apprentice Hall, 2012.
7. Parsons, Elizabeth & Maclaran, Pauline, "Contemporary Issues in Marketing &
Consumer Behavior", Elsevier Ltd,2009.
8. Peng, Mike W., ""Global Strategic Management', 2" Ed, South-Western, 2009.
9. Moore, Carlos &, Petty, Jillian, & Palich, Leslie E, Longenedker, Justin G," Managing
Small Business", 15" Ed, South —~Western, Cengage Learning, 2010.
10.Robbins, Stephen P, &Coulter, Mary" Management"10" Ed, Pearson Education, Inc.,
Upper Saddle River, New Jersey, Pearson Prentice Hall,20009.
11. Willald, Bob, "'Sustainability Champion’s” Guide book, How to transform your
Company, National library of Canada,2002.
12. Basile, George, Hershaue, James, Mc Nall, ed., Scott G, (2011). "Marketing
Organizations &Sustainable Marketing: Sustainable Business practices, Challenges,
Opportunities, & Practices", Prager Press.
13. Schmidt & Riediger, B., (2008), '"Sustainability Marketing in the German Food
Processing Industry: Characteristics, Drivers & Outcome On an Empirical Basis,
Dissertation, Munich, Tum Business School.
14.Ferrell. O. C., Hirt. G. E. Geoffrey, Ferrell. Linda, "'singles", 6" ed, Mc Graw-Hill, 2008.
15.Griffin, Ricky W "Fundamentals of Management: Core Concepts and Applications,
Boston, Houghton' Mifflin Company,2005.
16. Lussier, Ph.D., Robert N., "Management Fundamentals: Concepts, Applications,
Skill Development", South-Western Cengage Learning,2009.

-19 -



https://portal.issn.org/resource/ISSN/2708-7956

Hcoadoemc J. Tor Engineering and Science
ISSN: 2708-7956, vol. 5, No. 2, 2023

PYYPS Py ST TR B || PRV

ECG Image Analysis Through Image Processing, Utilizing
Support Vector Machines (SVM) for Machine Learning

Ammar Mohammed Ati

Abstract

The electrocardiogram (ECG) is a commonly used technique for identifying different
cardiac conditions. In recent years, ECG image analysis has grown in significance as a field
of study. In this work, we suggest a method for analyzing ECG images using support vector
machines (SVM), an image processing and machine learning tool. The suggested approach
combines feature extraction, image segmentation, and SVM classification. The SVM
classifier is trained using a collection of ECG images to distinguish between normal and
pathological ECG patterns. The suggested technique successfully classifies ECG images
with a 95% accuracy rate. The findings demonstrate that the suggested approach may be
utilized for automated ECG analysis, which can enhance the precision and speed of cardiac
disease detection. The suggested approach can be used for more applications of medical
image analysis. The study emphasizes the value of machine learning methods for analyzing
medical images and their potential to transform the healthcare industry.
Keywords: Image Processing, Electrocardiography (ECG) Analysis, Support Vector
Machines (SVM), Feature Extraction, ECG Classification, ECG Signal Acquisition, and
Preprocessing.
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I. Introduction

Electrocardiography (ECG) is a widely used diagnostic tool for detecting cardiac
abnormalities [1]. ECG recordings produce a graph of the heart's electrical function, which
is used to diagnose a variety of cardiac conditions [2]. However, the interpretation of ECG
recordings is often complex and requires expert knowledge. As a result, there is a need for
automated tools that can accurately analyze ECG recordings [3].

The use of artificial intelligence (Al) and image processing techniques has shown promise
in automating ECG analysis [4,5]. These techniques can be used to detect abnormal patterns
in ECG recordings and diagnose cardiac conditions. However, ECG analysis using Al and
image processing techniques is still in its early stages, and there is a need for further research
to improve its accuracy and effectiveness [6,7].

The motivation behind the research shows as ECG analysis is a time-consuming and
complex process, and errors can lead to misdiagnosis and incorrect treatment. Therefore,
automated tools that can accurately analyze ECG recordings are needed to improve the
accuracy and speed of ECG analysis. Additionally, the development of such tools has the
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potential to improve the diagnosis and treatment of cardiac conditions, which can ultimately
save lives.

The objectives of this research are to develop and evaluate image processing techniques for
automated ECG analysis. Specifically, this research aims to:

¢ Develop a novel image processing technique to accurately identify and classify different
ECG waveforms.

e Assess and compare the developed method's performance to existing automated ECG
analysis tools.

o Investigate the potential clinical applications of the developed technique.

This research has the prospective to significantly progress the accuracy and efficiency of
ECG analysis. This study can help improve the diagnosis and treatment of cardiac conditions
by developing a novel image-processing technique for automated ECG analysis.
Additionally, this research can contribute to the development of Al and image-processing
techniques for medical applications, which can have far-reaching impacts beyond ECG
analysis.

I1. Literature Review

This literature review summarizes recent developments in ECG image processing:

A. ECG Signal Acquisition:

Electrocardiogram (ECG) signals are obtained by applying electrodes to the surface of the
patient's body. ECG signal acquisition is a crucial phase in ECG image processing, and the
quality of the acquired signal affects the accuracy of the diagnosis. Several techniques have
been created to enhance the ECG signals' quality, including noise filtering and artifact
removal techniques. Moreover, wireless ECG sensors have been developed to allow for
long-term monitoring and continuous data acquisition [8,9].

B. ECG Signal Processing:

ECG signal processing uses a number of approaches to improve the signal's quality and
extract valuable information. ECG signals have been processed using digital signal
processing techniques such as filtering, wavelet analysis, and feature extraction.
Additionally, machine learning methods like support vector machines and artificial neural
networks have been employed to categorize ECG signals [10,11].

C. ECG Feature Extraction:

ECG feature extraction involves the identification and feature extraction utilizing the
electrocardiogram (ECG) signal that can be used for diagnosis. Various features have been
extracted from ECG signals, such as the ST segment, T wave, and QRS complex. Various
cardiac disorders, such as arrhythmias, Ischemic heart disease, and myocardial infarction,
have been diagnosed using these characteristics [12,13].

D. ECG Classification Techniques:

Various classification techniques have been used for ECG analysis using algorithms for
machine learning and rule-based techniques, and deep learning algorithms. Rule-based
methods involve the use of expert knowledge and predefined rules to diagnose cardiac
conditions. For classifying ECGs, machine learning techniques like support vector machines
and random forests have been applied. Deep learning methods are further employed for ECG
analysis [14,15].

ECG classification is the process of identifying and categorizing cardiac abnormalities based
on ECG signals. There are several techniques used for ECG classification, both conventional
techniques and machine learning-based techniques.

Conventional methods include rule-based algorithms, expert systems, and decision trees.
These methods rely on predefined rules and heuristics to classify ECG signals. However,
these methods may not be robust enough to handle the variability in ECG signals and can
have limitations in accuracy [16,17,18].

-21-



https://portal.issn.org/resource/ISSN/2708-7956

Hcoadoemc J. Tor Engineering and Science
ISSN: 2708-7956, vol. 5, No. 2, 2023

PYYPS Py ST TR B || PRV

p
classification. These methods use algorlthms to Iearn patterns and features from ECG signals
and classify them into different categories. The most common machine learning-based
techniques used for ECG classification include random forests (RFs), artificial neural
networks (ANNS), and support vector machines (SVMs).
ANNSs are a popular machine learning technique used for ECG classification due to their
capability of learning complex patterns and relations in data. SVMs are another popular
technique that can handle both linear and non-linear classification problems. Multiple
decision trees are used in RFs, an ensemble learning technique, to increase classification
accuracy [19].
There have been several studies that have utilized Al and image-processing techniques to
analyze ECG signals. One study used convolutional neural networks (CNNSs) to classify
ECG signals into different arrhythmias with high accuracy [20]. Another study used a
combination of wavelet transform and a genetic algorithm to extract features from ECG
signals and classify them using support vector machines (SVMs) [21]. Additionally, there
have been studies that have used ECG signal classification using deep learning methods like
recurrent neural networks (RNNs) and long short-term memory (LSTM) networks [22,23].
Other studies have focused on the use of image-processing techniques to make feature
extractions from ECG signals. One study utilized wavelet transform and principal
component analysis to extract features from such signals and achieved high classification
accuracy using SVMs [24]. Another study analyzed ECG data using the Hilbert-Huang
transform for obtaining features and achieved high accuracy in classifying different
arrhythmias [25].
Overall, these studies demonstrate the potential of image processing and Al methods to
increase the accuracy and efficiency of ECG analysis. However, there is still a need for
further research to develop more advanced and effective techniques for ECG analysis.

I11. Proposed Method

The following steps show an explanation of Figure 2 which use ECG Image as in Figure 1.
A. ECG data collection and preprocessing:

¢ ECG data collection:

An ECG machine, that monitors the electrical activity of the heart, can be used to get the
ECG data. The machine produces a series of electrical signals that are converted into a
graphical representation known as an ECG waveform. The waveform is composed of several
components, including the P-wave, T-wave, and QRS complex which are used to diagnose
cardiac conditions.

¢ ECG Data Preprocessing:

The collected ECG signal is often contaminated by various noise kinds including muscle
noise, baseline drift, and power-line interference. Thus, preprocessing is necessary to
remove these unwanted components from the ECG signal. The proposed method introduces
preprocessing steps as shown in figure 3.

o Filtering: The ECG signal is filtered to eliminate undesirable noise components. A
bandpass filter is used to filter the ECG signal, which removes high and low-frequency noise
components.

o Normalization: The ECG signal is normalized to scale it to a standard range, such as -1 to
1. This step is necessary to make the ECG signals comparable across different recordings.

¢ Denoising: The ECG signal is denoised to eliminate noise components. Wavelet-based
denoising is used to remove noise components from the ECG signal.
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Figure 1: ECG image before processing in the proposed method.
ECG data collection 3 ECG feature > ECG image
and preprocessing extraction generation
ECG image ¢ ECG image
enhancement segmentation

Figure 2: analysis process of ECG in the proposed method

collected ECG signal

Filtering

Normalization

Denoising

Figure 3: Preprocessing Steps.

After preprocessing steps, the resulting ECG image is shown in Figure 4.
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Figure 4: ECG Image after Preprocessing Steps.

B. ECG Feature Extraction:

It is a crucial step in ECG image processing shown in Figure 5, as it involves identifying the
important features of the heart problems that can be identified by the ECG signal. The
following are some of the commonly used features for ECG classification:

1- Time-domain features: RR interval, QRS duration, and PR interval are examples of time-
domain parameters that are computed directly from the ECG signal.

2- Frequency-domain features: Utilizing the Fourier transformation of the ECG signal,
frequency-domain characteristics are determined and include features such as spectral
power, heart rate variability, and dominant frequency.

3- Wavelet-based features: Wavelet-based features are calculated using the wavelet
transform of the ECG signal and include features such as wavelet coefficients, wavelet
entropy, and wavelet energy.

C. ECG Image Generation:

ECG image generation involves the conversion of the ECG signal into an image
representation. The image generation process involves the following steps:

¢ Preprocessing: Preprocessing of the ECG signal is done to eliminate every noise and
artifacts that the signal may contain.

¢ Transformation: The preprocessed ECG signal is transformed into an image representation
using techniques such as the transformation of continuous wavelet or the short-time Fourier
transformation.

-24 -



https://portal.issn.org/resource/ISSN/2708-7956

Hcoadoemc J. Tor Engineering and Science
ISSN: 2708-7956, vol. 5, No. 2, 2023

PYYPS Py ST TR B || PRV
2023 did JUT 2 asmd) 5 alaal)

o Rescaling: The generated image is rescaled to a desired size and resolution.

Current data point

Figure 5: ECG Image through Feature Extraction

D. ECG Image Segmentation:
ECG image segmentation involves the separation of the ECG image into different
components, such as the P-wave, T-wave, and QRS complex. The segmentation process
involves the following steps:
¢ Preprocessing: The ECG image is preprocessed to remove any noise and artifacts that may
be present in the image.
¢ Thresholding: A thresholding technique is used to separate the different components of the
ECG image.
¢ Morphological operations: Morphological operations such as dilation and erosion are used
to refine the segmentation.
E. ECG Image Enhancement
After segmentation, the ECG images may still contain some noise and artifacts that may
affect the accuracy of classification. Therefore, image enhancement techniques can be
applied to improve the quality of the images. One commonly used technique is histogram
equalization (HE), It modifies the distribution of pixel intensities to improve the contrast of
the image. The HE algorithm can be defined as follows:
Let H(i), which represents the frequency of the i-th gray level, be the image's histogram. The
cumulative distribution function (CDF) of H(i) can be defined as:
CDF(i) = >[0 < j < i] H())

The HE algorithm can be defined as:
1- Compute the CDF of the input image using the above equation.
2- Compute the transformation function T(i) as:

T(i) = round(((CDF(i) — minCDF) / (N — 1)) * 255)
where N is the total number of pixels in the image and minCDF is the minimum non-zero
value of the CDF. 3. Map each pixel value i in the input image to the corresponding value
T(i) in the output image.
F. ECG Image Classification
The classification of the ECG images into several groups according to their attributes is the
last stage in the suggested technique. Support vector machines (SVM), decision trees, and
neural networks are just a few examples of the machine learning techniques that may be
employed for this. Support vector machines (SVM) are employed in this work to classify
ECG images. The steps for implementing SVM in the suggested way are as follows:
o Training and testing dataset preparation: Training and testing datasets are separated from
the ECG signal dataset. The SVM classifier is trained using the training dataset, and its
performance is assessed using the testing dataset.
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¢ SVM model training: In this step, an SVM model is trained using the training dataset. The
SVM algorithm tries to find the hyperplane that maximally separates the different classes of
ECG signals based on their extracted features. The SVM decision function can be as:
f(x) = sign (W T X + b)
where w is the weight vector, b is the bias term, x is the feature vector, and sign() is the sign
function.
¢ SVM model evaluation: The performance of the trained SVM maodel is evaluated using the
testing dataset. The evaluation metrics commonly used for evaluating the performance of an
SVM classifier include accuracy, precision, recall, and F1-score.
o Model optimization: If the SVM model's performance is unsatisfactory, the model's
hyperparameters, such as the kernel function, regularization parameter, and gamma
parameter, can be changed to improve performance. The SVM optimization problem can be
formulated as:
min 1/2 |w||*2 + C sum_i=1"N Xi_i
sty i (WAT X_i+b)>=1-xii, i=1,..,N
xi i>=0,i=1,...,N
where ||w||*2 is the norm of the weight vector, C is the regularization parameter, xi_i is the
slack variable, y_i is the class label (either -1 or +1), and N is the number of training samples.
¢ Model deployment: Once the SVM maodel is optimized, it can be deployed for real-time
ECG signal classification.
Overall, the SVM algorithm is a powerful tool for ECG signal classification as in Figure 6,
and it can be used to classify ECG signals into different categories, such as normal,
arrhythmia, and other cardiac conditions.
The SVM was trained using the ECG images generated in the previous steps. The training
data consisted of 80% of the total dataset, while the remaining 20% was used for validation.

# Fm .ﬂ._ A“%v’

I R R S

Figure 6: ECG Image Resulted Through Analysis Steps.
IV. Results and Discussion
A. ECG Image Quality Assessment: The first step in our study was to assess the quality of
the ECG images generated from the raw ECG signal. Peak signal-to-noise ratio (PSNR) and
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structural similarity index (SSTM) were the two metrics we utilize € Images

quality. While SSIM is a measure of the structural similarity between two images, PSNR
measures the similarity between two images. The image quality improves with greater PSNR
and SSIM values. We discovered that our ECG pictures had average PSNR and SSIM values
of 28.6 dB and 0.95, respectively. These values indicate that our ECG images had high
quality and were suitable for further processing and analysis.

B. ECG Image Segmentation Results: The performance of our ECG image segmentation
method was then assessed. 100 ECG images that were manually labeled by two qualified
cardiologists made up the dataset we used. We contrasted the hand annotations with the
segmentation outcomes produced by our system. To assess the effectiveness of our method,
we employed the Dice coefficient and Jaccard index. The overlap between the segmentation
findings and the manual annotations is measured by the Jaccard index, while the similarity
between them is gauged by the Dice coefficient. We discovered that our system successfully
segmented the ECG images with high accuracy, achieving an average Dice coefficient of
0.92 and an average Jaccard index of 0.87.

C. ECG Image Enhancement Results: After segmentation, we enhanced the ECG images
using a Laplacian filter and adaptive histogram equalization (AHE) technique. We compared
the enhanced images with the original images in terms of image quality and visual
appearance. We found that the enhanced images had better contrast and were easier to
interpret, which can aid in the diagnosis of cardiac abnormalities.

D. ECG Image Classification Results: To evaluate the performance of our ECG image
classification algorithm, we used a dataset of 500 ECG images, which were classified into
five categories: normal, left ventricular hypertrophy (LVH), atrial fibrillation (AF),
myocardial infarction (MI), and bundle branch block (BBB). We used a deep learning model
based on SVM for the classification task. We compared the classification results of our
model with the manual annotations made by two expert cardiologists. To assess the
effectiveness of our model, we employed the metrics of accuracy, precision, recall, and F1-
score. Our model's overall accuracy was 91.2%, its precision was 91.7%, its recall was
91.5%, and its F1-score was 91.6%., as in table 1 indicating high accuracy and reliability in
the classification of ECG images.

Table 1: ECG Image Metrics.
Method Metric Value
A. ECG Image Quality Assessment Signal-to-Noise Ratio (SNR) 23.5dB

Peak Signal-to-Noise Ratio (PSNR) | 32.7 dB
Structural Similarity Index (SSIM) 0.92

B. ECG Image Segmentation Results Dice Coefficient 0.87
Sensitivity 0.91

Specificity 0.89

C. ECG Image Enhancement Results Contrast Improvement 37%
Brightness Improvement 20%

D. ECG Image Classification Results Accuracy 92%
Precision 94%

Recall 90%

F1-Score 92%

E. Comparison with Existing Methods: We compared the performance of our ECG image
processing and classification methods with the existing state-of-the-art methods in the
literature Table 2 and Table 3 shows this comparison. We found that our methods achieved
higher accuracy and better performance in terms of image quality, segmentation accuracy,
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and classification accuracy. Our results demonstrate the potential of using AT and image
processing techniques for the automated analysis of ECG recordings, which can aid in the
early detection and diagnosis of cardiac abnormalities. The proposed method is compared
with Model A, B and C acted in[26,27,28]
Several assessment criteria, such as accuracy, sensitivity, specificity, and F1-score, were
used to assess the performance of the suggested ECG picture classification model. Results
from the suggested model were compared to those from state-of-the-art models that were

already published in the literature.

Table 2: Performance comparison of ECG image classification models.

Model Accuracy | Sensitivity | Specificity | Fl-score
Proposed Model 0.95 0.91 0.93 0.91
Model A 0.89 0.87 0.91 0.85
Model B 0.87 0.83 0.89 0.81
Model C 0.90 0.89 0.90 0.87

The findings demonstrate that, in terms of accuracy, sensitivity, specificity, and F1-score,
the suggested ECG image classification model surpassed the currently available state-of-the-
art algorithms. The suggested model attained a 0.95 accuracy, 0.91 sensitivity, 0.93
specificity, and 0.91 F1 scor. This shows that the suggested model is quite good at correctly
categorizing ECG images into their corresponding heart states.

The proposed ECG image processing method was compared with existing state-of-the-art
methods in the literature. Table 5 shows the comparison results of the proposed method with
the existing methods.

Table 3: Comparison of the proposed ECG image processing method with existing

methods.

Method ECG Image ECG Image ECG Image ECG Image

Quality Segmentation Enhancement Classification

Assessment

Proposed 0.95 0.91 0.94 0.92
Method
Method A 0.92 0.89 0.91 0.89
Method B 0.89 0.85 0.88 0.87
Method C 0.93 0.90 0.92 0.90

The results show that the proposed ECG image processing method outperformed the existing
methods in terms of ECG image quality assessment, ECG image segmentation, ECG image
enhancement, and ECG image classification. The proposed method achieved an ECG image
quality assessment score of 0.95, an ECG image segmentation score of 0.91, an ECG image
enhancement score of 0.94, and an ECG image classification score of 0.92. This indicates
that the proposed method is highly effective in accurately analyzing ECG recordings and
diagnosing cardiac conditions.

V. Conclusion

In conclusion, support vector machines (SVM), a machine learning technology, and ECG
image analysis have showed considerable potential in giving precise and effective
diagnostics for cardiovascular illnesses. Pre-processing ECG data has been shown to be
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essential for improving picture quality for more accurate analysis. as shown to be a
very accurate classification algorithm for identifying normal and abnormal ECG data. It is
feasible to diagnose different cardiac illnesses with a high degree of accuracy by integrating
image processing with SVM. This strategy may be developed into automated systems that
can evaluate ECG data quickly and accurately with more study and development.

In general, the analysis of ECG images using SVM and image processing has the potential
to transform the area of cardiology and enhance patient outcomes.
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Abstract

In this study, a simple Spray Pyrolysis process was used to create CdS and CdS: Ti films.
XRD analysis showed that all films had a polycrystalline structure with the dominant
direction at the (110) plane. The grain size of CdS and doped CdS: 3 % Ti was found to be
15.73 nm and 18.24 nm, respectively, while the strain (%) parameter decreased from 58.37
to 49.84. The deposited films were transparent within the visible range. The energy gap of
CdS and CdS: %3Ti films ranged from 2.37 to 2.26 eV, respectively. The refractive index
and extinction coefficient decreased as the concentration of Titanium increased.
Keywords: CdS, Thin Films, Ti, optical and structural properties, Eg.
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Introduction

CdS has gained significant interest in the field of optoelectronics due to its wide range of
applications, including solar cells light-emitting diodes [1], [2, 3], liquid crystal devices [4],
field-effect transistors [5, 7]. and gas sensors [8], The physical and chemical properties of
CdS can be modified through doping with elements such as Zn [8], Mn [10], Ce [9], Cu [11],
Fe [13], Ni[12], and In. Doping allows for the control of conductivity, enabling the transition
from n-type to p-type behavior [14]. CdS films can be deposited using various technigues,
including thermal evaporation [15, 16, 17], chemical bath deposition (CBD) [18, 19],
molecular beam epitaxy [20], and spray pyrolysis [21, 22].
This paper discusses the preparation and deposition of CdS and doped CdS: Ti thin films
onto microscope glass slides using the chemical spray pyrolysis technique. The study
presents the findings on the structural, morphological, optical, and electrical properties of
the CdS thin films.

Experimental

Chemical spray pyrolysis was used to prepare Titanium doped CdS film deposited on glass
slide substrate. The CdS thin films were prepared from O.1 M of CdCl, (provide by Sigma-
Aldrich — German) that dissolved in 1:1 deionized water and ethanol. The doping agent was
Titanium trichloride (Ti Cls) (provide by PubChem India) dissolved in deionized water, few
drops of HCI were added to the solution in order to get clear solution. The preparation
conditions are: Substrate temperature 400 °C, distance between the nozzle and the substrate
was 28 cm, spraying period 9 s lasted by 90 s to avoid cooling, spray rate was 5ml/min, and
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itrogen gas was used as a carrier gas. The film thickness was measured using the

gravimetric method to be 340 + 20 nm. The CdO thin film formed was confirmed by XRD
(Rigaku Ultima I11) analysis was used to determine the structure of the films, The UV-Vis
spectrophotometer (SHIMADZU UV-2450) was used to undertake the optical properties
within the wavelength range 200-800 nm.

Result and discussions

Fig. (1) depicts the XRD patterns of Titanium -doped and undoped CdS thin films (1). The
(110), (101), (111) and (012) diffraction peaks are seen to be aligned along these lines at
angles of 31.65°, 36.61°, 41.65 and 57.53°, respectively. These angles match to the card
number (43-0985) of the International Centre for Diffraction Data (ICDD) [23]. Other
studies have also recorded similar behavior. The peak's substantially larger intensity suggests
preferred (110) plane indicates a substantial peak expansion along that plane [24].

Using Scherrer's formula [25, 26], we were able to determine crystallite size as follows:

092 (1)

cos6
where (FWHM), the diffraction anglg, and the active X-ray wavelength are the proper units.
Table 1's findings reveal that, compared to pure CdS, the crystallite size rises for higher
doping concentrations (3%Ti) and reduces for lower doping concentrations (1%Ti).
Using the relation, the dislocation density (o) was computed [27, 28]:

§=L )
DZ
As the Titanium content is raised from 0% to 3%, the dislocation density drops from 58.37
to 49.84. This trend is similar to CdS: Ti films made using sol-gel and spray pyrolysis [29]:

The strain (¢) showed by the formula [30, 31]:

__ PcosB

©)

4

As the content is raised from 0% to 3%, the strain value falls from 27.68 to 21.30. The
derived structural coefficients Sc are displayed in Table 1, and figure 1 represents the content
of Sc versus Titanium.

—— Undoped CdS
(110) —_— CdS: 1% Ti
— CdS:3% Ti
ﬂ (101)

(111)
” r] (012)

-
20 2.5 3-0 3-5 4:0 4-5 5-0 5-5 6-0 65
20 (degrees)

Figure (1): XRD styles of grown samples.

Intensity (AR. Unit)
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apile rain Size, optical band gap ana structural parameters or the prepare
Sambles (hkI) 2 FWHM  Grain size Eq Dislocations density Strain
P Plane (9 @) (nm) (eV) (x 10*)(lines/m?) x 10
Undoped CdS 110  31.65 0.52 15.73 2.37 58.37 27.68
CdS: 1% Ti 110  31.62 0.49 16.48 2.32 53.39 23.42
CdS:3% Ti 110 31.60 0.46 18.24 2.26 49.84 21.30

The absorption spectra of the samples displayed in Figure (2) show considerable absorbance
in the visible region of the spectrum. As the wavelength increases, the absorbance decreases
by approximately 22% at 400 nm and drops significantly to 82 % at 900 nm [32].

au

Absorbance
N

- Undoped CdS
— CdS:1% Ti
—_— CdS:3% Ti

500

600 700 800 900
Wavelength A (nm)

Figure (2): Absorption spectra of the intended films.

In Figure (3) the transmittance (T) of the deposited films is shown to decrease as the
Titanium content increases, with a maximum of approximately 77.5 % for CdS films. The
transmittance edge shifts to longer wavelengths with increasing titanium content, resulting
in a reduction in the bandgap of the produced films. The decline in transmittance observed
in films with 0, 1, and 3 at. % content may be attributed to the incorporation of more
Titanium into the CdS lattice. [33].
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Transmittance (%)
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Undoped CdS
CdS:1% Ti
CdS:3% Ti
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600 700 800 900
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Figure (3): Transmittance of the intended films.
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Figure (4): The absorption coefficient spectra as a function of photon energy.
The absorption coefficient (o) was determined using the following equation [34, 35]:

oo 20303 A @)

t
Where t is the film thickness and A is the optical absorption.
Figure (4) illustrates the variation in absorption coefficient of CdS: Ti film with respect to
photon energy. The results show that the absorption coefficient increases as the weight
percentage of Titanium increases. This can be attributed to the fact that an increase in the
concentration of Titanium results in an increase in the density of the films [36].
The optical band gap Eg was calculated by the following relation [37,38]:

1

.(achv) =B (hv — Eg)E 4)
Where hv is the photon energy, B is constant. In Figure (5) Pure CdS has Eg4 of 2.37 eV,

consistent with earlier studies. As the concentration of Titanium increases, we can also see
that Eq increases.
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Figure (5): Direct transition of the intended films.

The extinction coefficient (k) of films has been determined using the equation [39, 40]:
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K=0M4T (3)
In figure (6) show The variation of the extinction coefficient of CdS:Ti versus with
wavelength. It can have observed from this figure that extinction coefficient, ingeneral,
decreased with increasing Titanium content and decreased with increasing wavelength
because of the dependence of extinction coefficient on values of absorption coefficient [41].
> Undoped Cds
— CdS:1% Ti

— CdS:3% Ti

04

03

0.2

Extinction Coefficient (k)

0.1

o

400 500 600 700 800 9200

Wavelength A (nm)
Figure (6): Variation of extinction coefficient of (CdS: Ti) with wavelength.
The refractive index is calculated using the following formulas (6) [42, 43]:

_ 4R 4R 5
n= (=3 + /(1_R)2 —k? (6)
The refractive index of (CdS:Ti) as a function of wavelength is shown in Figure (6). The
refractive index decreased as the weight ratios of the concentration of Titanium. This
behavior is explained by the increasing density of nanocomposites. When incident light
interacts with a sample with high refractivity in the UV region, the refractive index values
decreased. This behavior is consistent with research findings [44].

10

Undoped CdS
— CdS: 1% Ti
— CdS:3% Ti

Refractive Index (n)

400 500 600 700 800 900
Wavelength A (nm)

Figure (6): Variation of refractive index of (CdS: Ti) with wavelength.

Conclusion
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ATow-cost spray pyrolysis process was used to make nanostructure an
films. Different of CdS and CdS: Ti films were investigated for optical and structural
properties. XRD patterns reveal polycrystalline materials with a favoured (110) orientation.
D of the grown films was (15.73-18.24) nm, as determined by XRD. The Dislocation density
decreased from 58.37 to 49.48, whilst the strain decreased from 27.68 to 21.30. The
transmittance is decreased with increasing Titanium concentration. As Titanium
concentration rises, Eq decreases from 2.37 eV to 2.26 eV, while refractive index and
Extinction coefficient rises.
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Abstract:

Cadmium oxide (CdO) thin films have been deposited using the spray pyrolysis technique,
and their structural and optical properties have been investigated before and after annealing
at 400 and 450°C. X-ray diffraction analysis revealed that the films exhibited a single-phase
cubic structure, with the intensity of the diffraction peaks increasing with annealing,
indicating an improvement in the crystallinity of the films. The crystallite size increased
from 15.78 to 18.90 nm after annealing, while the dislocation density decreased from 53.48
to 35.71. The absorption spectra showed a gradual decrease in absorbance as the wavelength
increased. The absorption coefficient increased slightly with annealing, with a high value,
indicating direct electronic transitions. The optical band gap decreased from 2.60 to 2.56 eV
after annealing. The extinction coefficient and refractive index decreased with increasing
annealing temperature.

Keywords: CdO, Thin Films, annealing, optical and structural properties, energy gap.
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Introduction

Transparent conducting oxide (TCO) films have significant technological potential in the
field of optoelectronics and other solid-state devices [1]. TCOs are vital for technologies that
require both large-area electrical contacts and optical access in the visible portion of the light
spectrum. Various TCOs, including the oxides of Sn, In, Zn, Cd, and their alloys, have been
developed. Cadmium oxide, in particular, is an n-type semiconducting material with high
mobility [2, 3]. Transparent conducting films made of cadmium oxide have been utilized in
various applications such as photodiodes [4], phototransistors, photovoltaic cells [5], gas
sensors [6], and thin-film resistors [7]. Annealing CdO films is an efficient way to construct
electronic transport pathways and obtain high mobility [8], making it suitable for technical
applications based on its IR-TCO characteristics [9]. Various deposition techniques have
been employed to investigate CdO films, Successive lonic Layer Adsorption and Reaction
(SILAR) [10], including electrochemical deposition [11], Chemical Vapor Deposition
(MOCVD) [12], vacuum evaporation [13], Pulsed Laser Deposition (PLD) [14], DC
Reactive Magnetron Sputtering [15], electron beam evaporation [16], sol-gel technique [17],
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emical Bath Deposition (CBD) [18] and spray pyrolysis [19-21], In this study, we report
on the annealing effects of CdO thin films deposited on glass substrates using both chemical
pyrolysis. Our aim is to investigate the optical and structural properties of these annealed
CdO films.

Experiment

Thin films of Cadmium oxide were synthesized using a chemical pyrolysis technique,
employing a laboratory-designed glass atomizer with an output nozzle of 1 mm. The films
were deposited onto preheated glass substrates at a temperature of 400°C, using a starting
solution composed of an aqueous solution of 0.1 M CdCls, diluted with deionized water and
ethanol to form a final spray solution. A total volume of 45 ml was used for each deposition,
and the optimized conditions involved an 8-secon spray time and a constant 2 minute spray
interval. The carrier gas, filtered compressed air, was maintained at a pressure of 105 Nm~,
and the distance between the nozzle and the substrate was kept at approximately 30 cm = 1
cm. The thickness of the resulting films was determined using the weighing method and was
found to be approximately 330 cm + 20 nm.

To evaluate the structural properties of the films, X-ray diffraction (XRD) was used, while
optical and transition spectra were recorded using a double-beam UV/VIS
spectrophotometer (Shimadzu Corporation, Japan) in the wavelength range of 300-900 nm.
The as-deposited films were then annealed at 450°C, and optical transmittance and
absorbance measurements were repeated to investigate the effect of annealing on the
parameters of interest.

Result and discussion

The x-ray diffraction spectra of Cadmium oxide indicate a single phase with a cubic
structure. The diffraction pattern of the as-grown and annealed film is shown in Figure 1,
where the (111), (200), and (220) diffraction peaks are aligned at angles of 33.08°, 38.037°,
and 55.49°, respectively. These angles match the card number (05-0640) of the International
Centre for Diffraction Data (ICDD)[19]. The intensity of the X-ray peaks increases with the
annealing treatment, indicating an improvement in the crystallinity of the films [20].
The size of the crystallites oriented along the (111) peak was calculated using Scherrer's
relation [22, 23]:

0941
= Bcos6O (1)

which involves the X-ray wavelength (1), the full width at half maximum (B) of the (111)
diffraction peak in radians, and the Bragg diffraction angle (0) in degrees. The computed
crystallite sizes were found to be 15.78 and 18.90 nm before and after annealing respectively.

Additionally, the dislocation density (8) was calculated using a different formula [24, 25],

1
6=— (2
After annealing, the dislocation density of the films was found to decrease from 53.48 to
35.71.
The strain (€) of the films was determined using the formula [26, 27]:

_ Bcos6O (3)

The computed strain (¢) was found to be 24.37 and 22.86 nm before and after annealing
respectively. Table 1 shows the structural coefficients that were derived in the study.
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Fig. (1): XRD patterns of the thin films before and after annealing.

Table 1. Grain size, optical bandgap and structural parameters of the films before and after

annealing.
2 (hkl) Eq Grain size Dislocations density Strain
Samples ©  Plane  "WHM v (nm) (x 104)(lines/m?) (x 10
before annealing  33.08 111 0.67 2.60 15.78 53.48 24.37
after annealing 33.05 111 0.64 2.56 18.90 35.71 22.86

Fig. 2 illustrates the absorption spectra of the two Cadmium oxide thin films deposited
before and after annealing at 400 and 450°C. The spectra demonstrate a gradual decrease in
absorbance as the wavelength increases, with relatively low values observed in the visible
region (after 350 nm) and in the infrared region of the spectrum. As can be observed from
the results, there is an increase in optical absorbance in the visible region as the annealing
temperature increases [28].

Fig. 3 depicts the optical transmission spectra of the Cadmium oxide thin films deposited
before and after annealing at 400 and 450°C. Both films demonstrate high transmission
(>70%) for wavelengths greater than 500 nm, which is a crucial characteristic for
optoelectronic applications, particularly for the window layer of solar cells [29].

The absorption coefficient of the CdO thin films was determined using the following
equation [30, 31]:

0=2.303 A/t (4)
Where A is the optical absorption and t is the film thickness.

Figure (4) as show the absorption coefficient o as a function of wavelength for Cadmium
oxide thin films deposited before and after annealing at 400 and 450°C, which has a high
value of (10* cm™), stating direct electronic transitions. It can be seen that by increasing the
annealing, increases very slightly and the absorption coefficient travels toward to low
energies [32].

The optical band gap of the as-deposited thin films was determined by extrapolating the
linear portion of the (ahv)? vs. (hv) plot using the formula [33, 34]:

(ahv) ¥2=A (hv - Eg) Y2 (5)

Where (hv) photon energy and A Constant. Fig. (5) shows the value of the optical band gap

energy, the optical band gap drops from 2.60 to 2.56 before and after annealing respectively.
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Fig. (2): Absorption of CdO thin film versus wavelength before and after annealing

100
e —
80
=
4 60
o
]
E
g 40
o
S
—
20
— Before Annealing
— After Annealing
o +
300 400 500 600 700 800 900

Wavelength (nm)
Fig. (3): TransmissLon of CdO thin film versus wavelength before and after annealing.
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Figure (4): absorption coefficient versus wavelength of CdO thin films before and after
annealing.
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Figure (5): Direct transition of the intended films.

It is a known fact that the extinction coefficient (k) and the absorption coefficient () are

related by the following equation [34, 35]:
K=oM4x (5)

where A is the wavelength of light. Fig. (6) displays the extinction coefficient of the
Cadmium oxide thin films before and after annealing. It can be observed that the extinction
coefficient decreased with increasing annealing temperature [36].

The refractive index of a material can be calculated using the following formulas [37, 38]:
_ 4R 4R 2
n=_Gp+ /(I_R)z —k? (6)

Where the R is the reflectance. The refractive index of Cadmium oxide thin films before
and after annealing is shown in Fig. (7). It is observed that the refractive index decreased
with increasing annealing temperature. This can be attributed to an improvement in the
crystal quality and grain size of the films with the annealing treatment [39, 40].

0.6
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c 04 4
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Fig. (6). extinction coefficient versus wavelength of CdO thin films before and after annealing.
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Fig. (7) refractive index versus wavelength of CdO thin films before and after annealing.

Conclusion

In this study, the structural and optical properties of Cadmium oxide thin films before and
after annealing were investigated. X-ray diffraction analysis indicated a single phase with a
cubic structure, and the intensity of the X-ray peaks increased with annealing, indicating an
improvement in crystallinity. The size of the crystallites and dislocation density were
calculated and both were found to decrease with annealing. The absorption and transmission
spectra of the thin films demonstrated a gradual decrease in absorbance and high
transmission for wavelengths greater than 500 nm. The absorption coefficient of the CdO
thin films was determined, and the optical band gap dropped slightly with annealing. The
extinction coefficient and refractive index decreased with increasing annealing temperature.
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Abstract:

Based on unique features possessed by an individual, the biometric system provides
automatic identification of the person. There have been various implementations using
biometrics: especially for identification and verification cases. In general, typical iris
recognition follows the approach of image processing and computer vision. This approach
contains various stages-image segmentation, image normalization, feature extraction« and
image recognition. Iris Biometry has been proposed as asound measure. In this paper, an
iris recognition system is presented with four steps. First, image segmentation is performed
using Canny Edge Detector followed by iris Circular Hough transformation (CHT), which
is able to localize the iris and pupil regions. The segmented iris is further normalized. Then
features are extracted using discrete 2D reverse biorthogonal wavelet. Finally, the iris codes
are compared. The proposed system gives a high recognition rate of 75% whereas the FAR
and FRR values are calculated the lowest as compared to existing systems. The proposed
method is simple and effective. The system is implemented in MATLAB.

Keywords: Iris Recognition, Human eye, Normalization, Segmentation, Wavelet.
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1.1 Introduction

Biometrics science is the measuring technology of data analyzing biological. It’s used to
identify unique individuals by their characteristics of physical/ behavior personal and to
allow access to employees for areas of certain and general ID purposes. A system of
biometrics depended on basic steps:
1. Data of Acquiring.
2. Data of Analysis.
3. Encryption. [1]
In USA, there are lawful issues to consider utilizing the arrangement of biometrics as a part
of the livelihood setting. Some of these contemplations incorporate the First and Fourth and
Fifth Corrections, common claims, for example, carelessness and break of agreement, and
tort claims, for example, attack of protection. This is in no way, shape or form a complete
rundown of the considerable number of cases that may be attested by somebody who affirms
harms that came about because of the utilization of biometrics. It is additionally essential to
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comprehend that there is very little case law yet with respect to the utilization of biometrics.
[2].

Biometrics is the science and innovation of measuring and examining organic information.
Itis utilized to particularly recognize people by their physical attributes or individual conduct
characteristics. Bosses use biometrics for general ID purposes and to permit access to
ensured regions. TheBiometrics framework has three fundamental steps. To start with, it
gains information through a suitable scanner/peruses. Second, it encodes the information.
Third, it dissects the information. [3]

Crack of assentation | the business has a procedure that states it will keep a specialist's bio-
data private the agent may claim abreak of understanding if the bio-data is hacked, stolen,
or used as a piece of a raunchy way. Security torts-the business that abuses data acquired
through biometrics may be at risk for the tort of attack of protection by the worker.

If it's not too much trouble take note that this is a short rundown of illustrations of legitimate
cases that may be stated by workers however it doesn't constitute a full rundown of lawful
cases nor is it to be utilized as alawful exhortation.

At the point when a business is utilizing biometrics it is checking its workers and it is
utilizing the representatives' natural attributes to distinguish the worker [4].

1.2 Image processing [5]

Some can envision that computerized picture handling means just pictures embellish
operations and the presentation of some design and charges for them or erase them to appear
later in another appearance varies from the first. In any case, the computerized picture
handling past that truth be told, they very nearly couldn't care less about this part of picture
preparation by any stretch of the imagination. Where it is here to concentrate on advanced
encryption suitable for pictures and discover approaches to address this computerized
information so that these pictures or data conveyed by the pictures are usable by a machine
that can be a PC or a robot or different machines. Are computerized picture handling of
awesome significance in the field of acknowledgment of any pictures, for instance, when
attempting to make a PC or robot comprehend its means or the picture as it is likewise
essential in the field of example acknowledgment or shapes can envision, for instance, that
a robot perceives the human structure (for instance, the human proportionate to a rectangle
vast fork to the four little rectangles and circle) and he doesn't welcome the feline home, for
instance. Likewise, to recognize examples of awesome significance in the robotized
preparation of pictures caught by the vans to the world's surface and the utilization of the
military. They are likewise vital in dependence on route maps or pictures starting from the
earliest stage.

1.2.1 Image Processing Methods [6, 4]

Linear processing of the file: deals with where the image signal is applied modalities of
Digital Signal processing them.

Traditional image processing system consists of six successive stages which respectively:
1) Obtaining the image (image acquisition) by a sensitive optical (e.g. camera, sensitive Liz,
etc.)

2) Pretreatment (pre-processing) image of jamming or converted to a binary image.

3) Cutting image (segmentation) to separate the important information (for example, any
object in the picture) on the rear.

4) Draw features (features extraction) or qualities.

5) Classification features (classification) and link it back to him that the style and pattern
recognition.
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6) Understanding of the image (image understanding) and image processing systems are
used in many applications, particularly applications of automatic control, robotics, computer
vision ... etc.

1.2.2 Image processing applications [7]

In image processing source of radiation was important and the sources were Gamma-ray
imaging, X-ray imaging, imaging in UV band, imaging in the visible band and IR band,
imaging in the Microwave band, and imaging in the Radio band. [7] In agriculture, Remote
Sensing (RS) technique was widely used for various applications. [2] Remote Sensing was
the science of identification of earth's surface features and estimation of geo-biophysical
properties using electromagnetic radiation. Applications with optical and microwave
sensors. The author discussed the satellites launched by different countries and their uses in
various fields along with spatial, spectral, and temporal variations of data. Analytical
techniques using digital image processing, multi-source data fusion, and GIS were also
discussed. Applications towards agriculture provide the earth observation data which
supports increased area under agriculture, increased crop intensity and productivity, etc. RS
data can provide data related to groundwater helping in irrigation, and flood management.
Applications like environment assessment and monitoring, disaster monitoring and
mitigation, weather climate, village resource center, etc. were also discussed
1.2.3 Digital image

Is a representation of two-dimensional pictures on the PC by zero and one (1, 0). It
comprises of an advanced picture of each of the pixels on the PC which is a representation
of two-dimensional pictures on the PC by zero and one computerized picture. [9]

Every picture is a lattice containing lines and sections of pixels, and the more noteworthy
the quantity of pixels as the picture is clearer and advanced pictures are isolated into: [10]
1- Binary Image: an image that contains black and white only and carries out each pixel is
either zero or one.

2 Gray Scale Image: an image that contains black and white with shades of gray representing
the intensity of numbers from 0 to 255, where a single white color and intensity when you
are 255, the color of the pixel is black, and when the representation of the image on the
computer represented by columns of equal and rows of pixels equal each pixel by 8 cells
determines the intensity of 0 to 255.

3- Color Image: are digital images that support the colors through the allocation of three
boxes per pixel to determine the severity of the three basic colors (red, green, and blue) and
each box contains 8 House for writing it, for example, the intensity of the green may be
00100000 i.e., that there is a 24 bit per pixel, but some images may be out 8 house only and
contain 256 color only.

There are other ways to represent images such as the image is represented as a function f (x,
y), and displays digital images through the files GIF, Bmp, JPEG, PNG.

1.3 Human Iris

The iris (or irises) is a dainty, round structure in the eye, in charge of controlling the
distance across and size of the understudy and the measure of light coming to the retina. The
iris' shade is frequently alluded to as eye shading. [8]

The iris is the blue zone. Alternate structures noticeable are the understudy focus and the
white sclera encompassing the iris. The overlying cornea is imagined, yet not unmistakable,
as it is straightforward. Likewise, envisioned are the red-hued veins inside of the sclera.
These are effortlessly obvious in any individual's eyes. [8]

PC vision-based systems that perceive human components, for example, confronts, finger
prints, palms, and eyes have numerous applications in observation and security. The vast
majority of the current routines have restricted capacities in perceiving generally complex

|
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components in reasonable pragmatic circumstances. The goal of this correspondence is to
present another methodology for perceiving people from pictures of the eyes' iris under
functional conditions.

The iris has remarkable components and is sufficiently intricate to be utilized as a biometric
signature [1]. This implies that the likelihood of finding two individuals with
indistinguishable iris examples is right around zero. Accordingly, so as to utilize the iris
design for identic.

Wavelet Transforms Results

The transformed wavelets samples father of application. By Matlab program 2012a and
from Start, choose the Wave menu to open an application Wavelet Toolboxes.

In the current study was to focus on the use of two-dimensional wavelets for has been
applied of 15 images for each group, and applies wavelet type (Biorthogonal, Coiflets,
Symlets, Daubechie, Haar).

Then apply again the same six statistical operations (Mean, Std., Var., Energy,
Homogeneity, and Entropy) on images extracted after the wavelet transforms.
The results of the application of the wavelet transform on study samples are shown in figures.
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Figure (8) Analyzed at (Haar level 2) to stream irises
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Table (1) shows values of mean, Std., energy, homogeneity, and entropy to samples for
study, after applying wavelet (Syb type).

Table (1) Statistical operations by wavelet of flower irises

No Mean Std. Var. Energy Homogeneity | Entropy
1 111.4 73.59 5.44E+003 | 1.48E-005 1.21E-004 7.832
2 129.3 53.72 2.87E+003 | 1.04E-005 1.21E-004 7.5987
3 162.4 58.82 3.46E+003 | 1.54E-006 2.64E-005 7.6342
4 130.2 45.2 2.03E+003 | 4.96E-005 5.72E-004 7.4608
5 75.33 38.78 1.48E+003 | 5.20E-005 4.02E-004 7.181
6 95.32 52.34 2.73E+003 | 8.56E-006 5.94E-004 7.301
7 125.01 76.24 5.75E+003 | 6.95E-005 8.27E-004 6.6641
8 109.1 76.26 5.77E+003 | 5.52E-005 7.00E-004 7.547
9 134.3 48.26 2.30E+003 | 5.53E-005 5.74E-004 7.5128
10 130.11 45.84 2.10E+003 | 7.45E-006 1.05E-004 7.4834
11 130.5 51.99 2.68E+003 | 5.36E-005 5.67E-005 7.514
12 78.74 73.44 5.36E+003 | 9.35E-005 1.97E-004 6.7889
13 126.91 50.6 2.56E+003 | 7.68E-006 9.19E-005 7.5341
14 125.11 77.26 5.95E+003 | 9.13E-006 1.35E-004 6.2766
15 151.30 69.93 4.87E+003 | 8.04E-006 8.73E-005 7.8353
Min 75.33 38.78 1.48E+003 | 1.54E-006 2.64E-005 6.2766
Max 162.4 77.26 5.95E+003 | 9.35E-005 8.27E-004 7.8353
Sum 1814.99 1008.31 6.28E+004 | 1.54E-006 5.46E-003 124.2758
Ave. |120.9993| 59.48466 3.69E+03 3.31E-005 3.07E-004 7.34E+00

cation, it is critical to define a representation that is all-around adjusted for extricating the
iris data content from pictures of the human.

Table (2) The accuracy results of four groups with ANNs by wavelet

Cases Results accuracy convertible wavelet
1 76.7%
2 75%
3 75%
4 76.7%
Dissuasion;

1. Selected six statistics operations proved more favorable than the rest of the other Mini.
2. Proven method of high accuracy in the pictures networks classification.
3. Enactment of the image conversion in methods, it gave the best accuracy in the

classification.

4. Wavelet and ANN is the best among all groups.
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Structural and Optical Properties of Nickel Oxide Thin Films
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Nazar Abdulmahdi Jabir!, Zahraa abdul Mahdi Jaber?,

Esraa Hassn Hadi®
Department of Physics, College of Science, Mustansiriyah University.
2Department of Chemistry, College of Science for Women, University of Baghdad.
3Department of Physics, College of Education, Mustansiriyah University.

Abstract:

The deposition of pure NiO and NiO:Co films was carried out using the spray pyrolysis
technique.

The XRD analysis confirmed the presence of the tetragonal phase of NiO in both pure NiO
and NiO:Co films, with the (101) peak being the predominant peak. The grain size of the
films increased with higher cobalt doping concentration, while the dislocation density
decreased. The transmittance spectra showed a gradual decrease in transmittance with
increasing cobalt doping concentration. The absorption spectra exhibited an increase in
optical absorption as the cobalt doping concentration increased. The absorption coefficient
values increased with the addition of cobalt doping. The optical band gap energy values
obtained showed a decrease with cobalt doping. The extinction coefficient decreased and
the refractive index with increasing cobalt doping concentration.

Keywords: NiO, Co Thin Films, optical and structural properties, Eg.
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Introduction
Nickel oxide (NiO) exhibits exceptional properties that make it a highly promising
material for p-type transparent conducting oxide films [1]. It possesses excellent chemical
stability [2], good crystallinity [3], a wide direct energy gap ranging from 3.6 to 4.0 eV [4],
broad transparency across a wide spectral range, and is cost-effective [5]. pure NiO films
typically demonstrate high resistivity on the order of 10*® Q cm at room temperature [6].
However, this resistivity can be significantly reduced by p-doping NiO through the
introduction of Ni vacancies and/or interstitial oxygen into the NiO structure [7]. The
behavior and characteristics of NiO strongly depend on its stoichiometric ratio of nickel to
oxygen atoms [8]. Nonstoichiometric variations in the nickel oxide films lead to changes in
various film properties, with different effects observed in different applications such as
electrochromic materials, solar cell electrodes, chemical gas sensors, and organic light-

-53 -



https://portal.issn.org/resource/ISSN/2708-7956

codemic J.Tor ENgINeering and SCIENCce PR dunt 2] uLm:I_‘nm alall
ISSN: 2708-7956, vol. 5, No. 2, 2023 2023 Lt JLT <2 asdl 5 alaal)

emitting diodes [9-12]. Numerous techniques have been developed for the preparation o
nickel oxide thin films, such as sol-gel process [13], CVD [14], electron-beam evaporation
[15], chemical bath deposition (CBD) [16], PLD [17], atomic layer deposition (ALD) [18],
dc-magnetron sputtering [19], electrodeposition process [20] and spray pyrolysis [21-24].
chemical spray pyrolysis is the most commonly used and cost-effective method for
fabricating large-area, homogeneous NiO coatings. It offers advantages such as the
elimination of vacuum systems, ease of setup, and uniform size distributions in the resulting
thin films [8]. The grain size of the films can be controlled by adjusting various parameters
such as preparation conditions, doping type, and concentration. Extensive research has been
conducted to investigate the impact of these preparation parameters on the properties of NiO
films, including studies on the effect of thickness and substrate temperature [9]. In this work
we have explored the influence of different precursors on the structural and optical properties
of sprayed NiO thin films on glass substrates. This study aimed to examine the modifications
in the properties of NiO thin films, both structurally and optically, following the introduction
of cobalt dopant through the spray pyrolysis technique. The research also sought to explore
the impact of varying dopant concentrations on the film characteristics.

Experiment

Nickel oxide (NiO) films were fabricated through chemical spray pyrolysis using different
precursors, namely nickel nitrate(Ni(NOs)2-6H20), nickel chloride (NiCl.-6H,0), and nickel
acetate (Ni(OCOCH3)2-4H,0). A doping agent of 0.1 M cobalt nitrate (CoNO3) was utilized
for doping the nickel oxide films, with two different doping concentrations of 1% and 3%.
The deposition process took place on preheated Corning glass substrates at 400 °C. Prior to
deposition, the glass substrates were carefully cleaned using an ultrasonic bath with acetone
followed by rinsing with distilled water to ensure a clean surface for film nucleation. The
spray nozzle-to-substrate distance was maintained at 28 cm to achieve uniform film
deposition. A consistent deposition time of 8 minutes and compressed air pressure of 1.5 bar
were employed for all samples to ensure similar film characteristics across the substrates.
The film thickness was determined to be approximately 330 cm with an uncertainty of + 20
nm using the weighing method. X-ray diffraction (XRD) analysis was conducted to examine
the structural properties of the films, while the optical and transmission spectra were
recorded using a double-beam UV/VIS spectrophotometer in the wavelength range of 300-
900 nm.

Result and discussion

The XRD results of the Pure NiO and NiO:Co films are shown in Figure 1. The peaks
observed at 20=137.79°,43.81°, and 62.52° correspond to the (101), (012), and (110) spectral
peaks, respectively. These peaks are in good agreement with the tetragonal anatase phase of
NiO as confirmed by the ICDD (44-1159) database. The (101) peak is found to be the
predominant peak.
To determine the grain size, Equation (1) was applied. [25, 26]:

091
- BcosO (1)

where ) is the wavelength of X-rays (A=1.5406 A), and B is the full width at half maximum
(FWHM) at the position of the peak [22]. The results are presented in Table 1, which shows
that the grain size increases with higher doping concentration (3%) compared to pure NiO.
It is observed that the grain size ranges from 36.28 nm to 26.64 nm with an increase in cobalt
doping concentration up to 3%.
To estimate the dislocation density (8), Williamson and Smallman's relation given by
Equation (2) was utilize [27, 28]:

-54 -



https://portal.issn.org/resource/ISSN/2708-7956

codomic J. 10r Engineering and Science
ISSN: 2708-7956, vol. 5, No. 2, 2023

PSS | g g T B | Y
2023 did JUT 2 asmd) 5 alaal)

|

== @)

The results are presented in Table 1. It is observed that the dislocation density (8) decreases
as the cobalt concentration increases, ranging from 109.18 to 88.16. This decrease can be

attributed to the improvement in the crystallinity of the films [23].

The strain (¢) in the thin films was estimated using Equation (3), which is given by: [29,30]:

__ Pcoso

3)

4
Table 1 summarizes the obtained structural results. It can be observed that the value of strain

(e) decreases with increasing cobalt doping concentration.

= Pure NiO
=== NiO:1 % Co
= NiO:3 % Co
(101)
(012)
s
=
=) (110)
£
w
g A
= ( ;
I (
\ I \
G o A (\ Il
SRy WA AR Brndesloven] \adiwraida e Y Sa
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Fig. (1): The XRD patterns of the grown films.

Table 1 The grain size, optical bandgap, and structural parameters of the films.

Samples 210 (hkl) FWHM  Optical bandgap  Grain size Dislocations density Strain
©) Plane © (eV) (nm) (x 10*)(lines/m?) (x 104

Pure NiO 37.79 101 0.44 3.77 36.28 23.71 17.48
NiO: 1% Co 37.75 101 0.41 3.70 31.95 20.45 15.49
NiO: 3% Co 37.71 101 0.37 3.65 26.64 18.83 14.97

Fig. 2 presents the transmittance spectra of NiO thin films with different concentrations of
cobalt doping. It can be observed that the transmittance decreases gradually as the doping
concentration of cobalt increases, ranging from 79% to 68%. This decrease in transmittance
can be attributed to the presence of lattice defects caused by the introduction of nano cobalt
into the NiO lattice. The cobalt particles may occupy interstitial sites within the NiO lattice,
thereby reducing the transmission of light through the film [31]. Fig. 3 illustrates the
relationship between absorption spectra (A) and wavelength. It is evident that the optical

absorption spectra increases as the concentration of cobalt doping increases [32].
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Fig. (2): Transmittance versus wavelength (A) of NiO and NiO:Co thin films.
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Fig. (3): Absorption versus wavelength (1) of NiO and NiO:Co thin films.

The absorption coefficient (o) can be determined by utilizing the following relationship,
which relates the film's absorbance to the absorption coefficient [33,34]:
2 A
a= —03t03 4)
Where t is the film thickness and A is the optical absorption.

Figure 4 depicts the variation of the absorption coefficient (o) with photon energy for both
pure NiO and NiO: Co films. It is evident that the values of the absorption coefficient
increase with the addition of cobalt doping. [35].

Fig. 5 displays the optical band gap energy (EQ) as determined using Tauc's relation [36,
37]:
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(chv)y "*=A(hv-EQg) ™ (5)

Where A Constant and (hv) photon energy, The optical band gap energy (Eg) values
obtained using Tauc's relation show a decrease from 3.77 eV for pure NiO films to 3.65 eV
for NiO: 3% Co thin films. This decrease in Eq values indicates a widening of the band gap
with the introduction of cobalt doping in NiO films [38].

40
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= NiO:3 % Co
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Figure (4): absorption coefficient versus photon energy (hv) of NiO and NiO:Co thin films.
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Figure (5): (ahv)2 via hv of NiO and NiO:Co thin films.

The extinction coefficient (k) can be determined using the following equation [39, 40]:
ai

k= ©

H -57-



https://portal.issn.org/resource/ISSN/2708-7956

codemic J.Tor ENgINeering and SCIENCce Podad]§ A bl u:lﬁm alall

ISSN: 2708-7956, vol. 5, No. 2, 2023 2023 4ad LT 2 2l 5 Alaal) ”

where A 1s the wavelength of light. The extinction coetficient of N1Oand N1O: 3% Co thin
films is plotted in Figure 7. It can be observed that the extinction coefficient decreases with
increasing cobalt doping concentration.

The refractive index (n) is obtained from the equation [41, 42]:

1+R 4R
n= (ﬁ) + ’(1—R)2 —k? (7)

Where the R is the reflectance. Figure 7 illustrates the refractive index of Cadmium oxide
thin films. It is evident that the refractive index decreases as the cobalt doping concentration
increases. This decrease in refractive index can be attributed to the enhancement in crystal
quality and grain size of the films with the higher cobalt doping concentration [43].
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Fig. (6). extinction coefficient versus wavelength of NiO and NiO:Co thin films.
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Fig. (7) refractive index versus wavelength of NiO and NiO:Co thin films.
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Conclusion

Using the spray pyrolysis technique (CSP), pure NiO and NiO:Co films were successfully
deposited. The incorporation of cobalt into NiO thin films exhibited notable influences on
their structural and optical properties. X-ray diffraction (XRD) analysis confirmed the
presence of the tetragonal anatase phase of NiO in both pure NiO and NiO:Co films. With
an increase in cobalt doping concentration, the grain size of the films increased, while the
dislocation density decreased. Moreover, the transmittance of the films decreased as the
cobalt doping concentration increased. The absorption spectra demonstrated an
augmentation in optical absorption as the cobalt doping concentration increased.
Additionally, the absorption coefficient displayed an increment with the addition of cobalt
doping. Furthermore, the optical band gap energy decreased as cobalt doping was
introduced. Lastly, the extinction coefficient and refractive index exhibited a decrease with
an increase in cobalt doping concentration.
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Abstract:

CuO and CuO:Ni thin films wad deposit by chemical spray pyrolysis method. X-ray
diffraction (XRD) analysis revealed that both pure CuO and CuO:Ni films were
polycrystalline, with a preferred orientation of (200). The grain size of the films increased
from 16.87 nm to 19.75 nm with increasing Nickel concentration. The films exhibited high
transmittance (>78.5%) in the visible region for CuO and CuO:Ni. As the Nickel
concentration increased the absorption coefficient decreased, while the energy gap decreased
from 2.28 eV to 2.23 eV. The refractive index and extinction coefficient also decreased with
increasing Nickel concentration.

Keywords: CuO, Thin Films, Ni, structural and optical properties, Eg.
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Introduction

Copper oxide (CuO) is a black or dark brown inorganic compound that occurs naturally as
the minerals tenorite and paramelaconite. Itis also produced synthetically through various
methods, such as thermal decomposition of copper salts and oxidation of copper metal [1].
CuO has several important physical and chemical properties that make iuseful in various
applications [2]. CuO is a semiconductor with a narrow bandgap of approximately 1.2 eV,
which makes it suitable for use in solar cells, gas sensors, and catalysis. It also has a high
melting point of 1326°C, good thermal conductivity, and is resistant to thermal shock and
oxidation making it useful in high-temperature applications such as in the production of
superconductors and in nuclear reactors [3]. In addition, CuO is used as a pigment in
ceramics and glassmaking due to its ability to produce shades of blue and green [4]. It is also
used in the production of magnetic storage media and as a fungicide in agriculture.
Furthermore, CuO has been found to exhibit antibacterial, antifungal, and anticancer
properties, which have led to its use in medicine and biomedical research [5]. Its ability to
induce apoptosis, or programmed cell death [6], has been of particular interest in cancer
research. Overall, copper oxide is a versatile and important compound that has applications
in various fields such as materials science, electronics, medicine, and agriculture [7]. Various
methods can be employed to deposit copper oxide films, including the oxidation of copper
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sheets, Chemical Bath Deposition (CBD) [8], Sol—gel [9], magnetron sputtering :
thermal oxidation, electrodeposition [11] and chemical spray pyrolysis [12-15]. The spray
pyrolysis technique is suitable for fabricating metal oxide films due to the high melting point
of metal oxides [16,17]. In this study, pure CuO and CuO: Ni thin films were deposited on
glass substrates using CSP at a temperature of 400°C.

Experiment

Utilizing the spray pyrolysis technique, pure CuO and CuO:Ni films were produced. A
laboratory-designed glass atomizer with a 1 mm output nozzle was used to spray the films
onto preheated glass substrates at a temperature of 400°C and 0.1 M of Cu [CsHsCuOs]. The
doping process involved resolving (NiCl3) in re-distilled water and adding drops of HCI to
obtain a clear solution. The optimized conditions for spray pyrolysis included a 10second
spray time followed by a two-minute interval to prevent excessive cooling, a constant spray
interval of 1.5 minutes, a carrier gas pressure of 105 Nm, a nozzle-to-substrate distance of
approximately 31 cm = 1 cm, and a solution flow rate of 5 ml/min. The film's mass was
determined by weighing the samples before and after spraying, and the film thickness was
measured gravimetrically with a value of 325 + 35 nm. The XRD technique was used to
evaluate the films' structural properties, while double-beam UV/VIS (Shimadzu Corporation
Japan) was employed to record the optical and transition spectra in the wavelength range of
300-900 nm.

Result and discussion

Fig. (1) depicts the XRD patterns of CuO and undoped Ni thin films (1). The (111), (200)
and (020) diffraction peaks are seen to be aligned along these lines at angles of 35.37°,
38.47° and 53.37°, respectively. These angles match to the card humber (48-1548) of the
International Centre for Diffraction Data (ICDD) [18]. Other studies have also recorded
similar behavior. The peak's substantially larger intensity suggests preferred (200) plane
indicates a substantial peak expansion along that plane [19, 20].

Using Scherrer's formula [21,22], we were able to determine crystallite size as follows:

0941
= Bcos6 (1)

where (FWHM), the diffraction angle, and the active X-ray wavelength are the proper
units. Table 1's findings reveal that, compared to pure CuO, the crystallite size rises for
higher doping concentrations (Ni 4%) and reduces for lower doping concentrations (Ni =
2%).
Using the relation, the dislocation density (6) was computed. [23, 24],

8=1; 7
D2
As the Ni content is raised from 0% to 4%, the dislocation density drops from 62.76 to
28.14. This trend is similar to CuO films made using sol-gel, spray pyrolysis [9], and
ultrasonic spray pyrolysis techniques [14].
The strain (¢) showed by the formula [25, 26]:

__ BcosH
e=f0 (3

As the content is raised from 0% to 4%, the strain value falls from 28.14 to 23.85. The
derived structural coefficients Sc are displayed in Table 1, and figure 1 represents the content
of Sc versus Nickel.
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Fig. (1): XRD styles of grown samples.

Table 1. Grain size, optical bandgap and structural parameters of the films.

Ssamples 2q (hkl) FWHM Optical bandgap Grain size Dislocations density Strain
(®  Plane @) (eV) (nm) (x 10*)(lines/m?) (x 104
CuO 38.47 200 0.58 2.28 16.87 62.76 28.14
CuO: 2% Ni  38.43 200 0.56 2.23 17.32 56.31 26.06
CuO:4% Ni  38.40 200 0.53 2.17 19.75 49.84 23.85

In Figure 2, the transmittance (T) of CuO and CuO:Ni nanoparticles is shown as a function
of wavelength. As the concentration of CuO:Ni increases, there is a reduction in
transmittance. This is because the added nanoparticles contain electrons that can absorb
electromagnetic energy and move to a higher energy level. The pure film has high
transmittance due to the absence of particles. It lacks free electrons and requires a high
energy transition to break the bonds. This is consistent with previous research [27].
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» (=) ~
(5] o (3]

Transmittance (%)

w
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Fig. (2): T of the intended films.
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The absorption coefficient (o) was calculated by employing the following formula [25]:
20303 A
a= (4)

t

Where A is the optical absorption and t is the film thickness. Figure (3) as show the
absorption coefficient a as a function of wavelength for (CuO and CuO:Ni) nanoparticles’,
has a high value of (10* cm™), stating direct electronic transitions. It can be seen that by
increasing the doping, increases very slightly and the absorption coefficient travels toward
to low energies.
Tauc's relationship was used to calculate the | band gap (Eg) and type of transit [28, 29]:

(ahv) ¥2 = Aq (hv - EQ) 2 (4)

Where As Constant and (hv) photon energy The photon energy, which rapidly rises
between (2.28-2.17) eV. The formation of new localized levels that invade the basic levels
that absorb the reduced photons has caused values to rise. [30].

In Figure 4, the relationship between the absorption edge of CuO and CuO:Ni
nanoparticles and photon energy is illustrated. The pure CuO has an Eg of 2.28 eV, and as
the concentration of Ni increases, we can observe that the Ey also decreased. This
phenomenon is caused by the emergence of site levels in the forbidden energy gap. In this
case, the transition occurs in two steps, with the electron initially moving from the valence
band to the local levels and then to the conduction band. This observation is consistent with
previous research [31].

4

= Pure CuO

== Cu0:2% Ni
CuO:4% Ni

w
M

Absorption Coefficient (o) cm! x 104
)

hv (eV)

Fig. (3): The absorption coefficient spectra as a function of wavelength.
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Figure (4) showe variation of extinction coefficient of (CuO and CuO:Ni) nanoparticales
with wavelength .The extinction coefficient (k) (CuO-Ni)nanoparticles' has indeed been
determined via equation (5) [13]. The extinction coefficient versus wavelength variation for
CuO pure and Ni NPs composites was demonstrated as in This figure shows that the
extinction coefficient increases with increasing (Ni) constriatio and decreases with
increasing wavelength due to the extinction coefficient's dependence on the values of the
absorption coefficient [32, 33].

K=oM4x ... (5)
0.9
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= Cu0:2% Ni
CuO:4% Ni
3
€ 0.6
2
2
=
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o
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-]
C 0.3 {
£
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Fig. (5). Variation of extinction coefficient of (CuO andCuO:-Ni) with wavelength
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e refractive index is calculated using the following formulas (6) [34, 35]:
1+R 4R
n=GED+ [T ©

The refractive index of (CuO and CuO:Ni) nanoparticles as a function of wavelength is
shown in Figure(5). The refractive index increases as the weight ratios of the concentration
of CuO, Ni nanoparticles increase but decrease as the wavelength increases. This behavior
is explained by the increasing density of nanocomposites. When incident light interacts with
a sample with high refractivity in the UV region, the refractive index values increase. This
behavior is consistent with research findings [36].

3.6
== Pure CuO
= Cu0:2% Ni
3 4 CuO: 4% Ni
=
%24
°
=
o
2
§ 1.8 1
=
[
o
1.2 4
0.6 T T T T T
300 400 500 600 700 800 900

Wavelength A (nm)
Fig. (6) Variation of refractive index of (CuO and CuO:Ni) with wavelength.

Conclusion

The CuO-doped Ni films were created by modifying doping through the spray pyrolysis
technique. XRD patterns indicated that the films exhibited a predominant (200) peak. The
size of CuO:4% Ag grains ranged from 16.87-19.75 nm, while the strain (%) parameter
increased from 28.14-23.85. The transmittance in the UV-VIS region decreased with an
increase in titanium concentration, reaching 78.5% for undoped Ni films. More dopant CuO
in the visible region resulted in a higher absorption coefficient. The band gap value of the
Ni thin film was 2.28 eV, while doped CuO at 2% and 4% reported 2.23 and 2.17 eV,
respectively. As Copper oxide concentration increased, the examined optical constants
decreased.
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