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1. INTRODUCTION

The concept of fuzzy sets is introduced by Zadeh [20]. In the algebraic structures these ideas
have been applied. In 1991, the concept of fuzzy sets toBCK -algebras is applied by Xi [19],
which is introduced by Imai and Iséki ([8, 9]). Also they introduced the BCK-Subalgebra in
1966. BCK-algebra is generalized by many authors ([5, 6, 16, 18]). Again in 2016, J. Zhan
derived more theories on fuzzy BCK-Subalgebras [21]. M. Akram introduced d-algebra [1].
K. H. Kim introduced fuzzy dot Subalgebra of d-algebra in 2009 and he developed fuzzy dot
subalgebra for minimum values in d-algebra [12]. N. O. Alsherie introduced fuzz d-ideals in
d-algebra [2]. K. T. Atanassov [3] is the first one to propose intuitionistic fuzzy.

The fuzzy cross-subalgebra of aℵ0-algebra is defined here as a generalisation of a fuzzy
subalgebra of aℵ0-algebra with maximal values. Then we derived some basic properties related
to fuzzy crossℵ0-subalgebras. Then, the fuzzyη-relation on theℵ0-algebra and the fuzzyη-
product relation on theℵ0-algebra are introduced. Also fuzzy crossℵ0-ideals of theℵ0-algebra
are defined and explained with some theorems. By referring ([7, 10, 11, 14]), we introduce the
intuitionistic fuzzyℵ0-ideals of theℵ0-algebra and study some interesting properties as well as
some relations to the intuitionistic fuzzyℵ0-algebra. From ([4, 13, 15, 17]),ℵ0-algebra concept
is applied to detect edges in image processing.

2. BASIC CONCEPTS

Definition 2.1. ℵ0-algebra. A ℵ0-algebra is an algebra (A,∗, 0), where A is a non empty set of
type (2, 0) satisfying the important following laws:

(1) α0 ∗ α0 = 1, α0 6= 0 ∈ A
(2) α0 ∗ 0 = 0, α0 6= 0 ∈ A
(3) α0 ∗ β0 = 1 andβ0 ∗ α0 =1⇒α0=β0 for all α0 6= 0, β0 6= 0 ∈ A.

Example 2.1. Let A = {0, 1,α} where 0< α < 1. Consider the Cayley table 2.1. Clearly this
table shows that, the system (A,∗, 0) is anℵ0-algebra.

* 0 1 α
0 0 1 0
1 0 1 α
α 0 0 1

Table 2.1:

Definition 2.2. Subalgebra ofℵ0-algebra. A nonempty subset B ofℵ0-algebra A is said to be a
Subalgebra of A ifα0 ∗ β0 ∈ B, for all α0, β0 ∈ B.

Example 2.2.Consider aℵ0-algebra A ={0, 1,α} where 0< α < 1 with the Cayley table 2.2.
Clearly this table shows that B ={0, α} is a subalgebra of aℵ0-algebra A.

Definition 2.3. Fuzzy cross subalgebra of anℵ0-algebra. A non empty fuzzy subsetν of A is
said to be fuzzy cross subalgebra ofℵ0-algebra A ifν (α0*β0) ≤ ν(α0) × ν(β0) for all α0, β0∈
A andα0 = β0 6= 1∈ A.
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ℵ0-ALGEBRA AND ITS NOVEL APPLICATION IN EDGE DETECTION 3

* 0 1 α
0 0 0 0
1 0 1 1
α 0 1 1

Table 2.2:

Example 2.3.Consider anℵ0-algebra A ={0, 1, 2} with the Cayley table 2.3 as follow:

* 0 1 2
0 0 0 0
1 0 1 1
2 0 0 1

Table 2.3:

Define a fuzzy setν in A byν (0) = 1, ν (1) = 0.2, ν (2) = 1. Very clearly it is true thatν is
fuzzy cross subalgebra of anℵ0-algebra.

3. SOME RESULTS ON FUZZY CROSSSUBALGEBRA OF ℵ0-ALGEBRA

Theorem 3.1.If τ is a fuzzy cross subalgebra of anℵ0-algebra A, then we haveτ(1) ≤ (τ(s0))
2

for all s0 6= 1∈ A.

Proof. Consider a6= 1∈ A, then

τ(1) = τ(s0 ∗ s0) ≤ τ(s0)× τ(s0) = (τ(s0))
2.

Thus, the result follows.

Theorem 3.2. If τ andλ are fuzzy cross subalgebras of anℵ0-algebra A, then so isτ ∪ λ.

Proof. Let s0, t0∈ A. Then

(τ ∪ λ)(s0 ∗ t0) = max{τ(s0 ∗ t0), λ(s0∗t0)}
≤ Max{τ(s0)× τ(t0), λ(s0)× λ(t0)}
≤ (max{τ(s0), λ(s0)}) · (max{τ(t0), λ(t0)})
= ((τ ∪ λ)(s0))× ((τ ∪ λ)(t0)).

Henceτ ∪ λ is fuzzy cross subalgebra of aℵ0-algebra A.

Theorem 3.3. If λ and τ are fuzzy cross subalgebras of anℵ0-algebra A, thenλ×τ is fuzzy
cross subalgebra ofℵ0-algebra A×A.

Proof. For anyp1
0, p

2
0, q

1
0, q

2
0∈ A,

(λ× τ)((p1
0, q

1
0) ∗ (p2

0, q
2
0)) = (λ× τ)(p1

0 ∗ p2
0, q

1
0 ∗ q2

0)

= λ(s1
0 ∗ s2

0)× τ(t10 ∗ t20)

≤ ((λ(s1
0)× λ(s2

0))× ((τ(t10)× τ(t20))

= ((λ(s1
0)× τ(t10))× (λ(s2

0)× τ(t20))

= (λ× τ)(s1
0, t

1
0)× (λ× τ)(s2

0, t
2
0).

Thus, the result follows.
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Definition 3.1. Fuzzyη-relation ℵ0-algebra. The fuzzy subsetτ η of A × A of a fuzzy η -
relation onℵ0-algebra A is given byτ η(s0, t0) = η(s0)× η(t0) for all s− 0, t0∈ A.

Definition 3.2. Fuzzyη-product relation onℵ0-algebra. A fuzzy η -product relation of a fuzzy
relationτ onℵ0-algebra A is defined as ifτ(s0, t0)≤η(s0)× η(t0) for all s0, t0∈ A.

Definition 3.3. Left Fuzzy relation onℵ0-algebra. A left fuzzy relation on Letη be a fuzzy
relation onℵ0-algebra A. Thenη is a left fuzzy relation ifτ(s0, t0) = η(s0) for all s0, t0∈ A. It
is very clear that a left fuzzy relation onη is a fuzzyη-product relation.

Theorem 3.4. Let τ η be the fuzzyη-relation onℵ0-algebra A, whereη is a fuzzy subset of a
ℵ0-algebra A. Ifη is fuzzy cross subalgebra ofℵ0-algebra A, thenτ η is fuzzy cross subalgebra
of A×A.

Proof. Let us assume thatη is a fuzzy cross subalgebra ofℵ0-algebra A. Lets1
0, s

2
0, t

1
0, t

2
0∈A,

then

τ η((s
1
0, t

1
0) ∗ (s2

0, t
2
0)) = τ η(s

1
0 ∗ s2

0, t
1
0 ∗ t20)

= η(s1
0 ∗ s2

0)× η(t10 ∗ t20
≤ (η(s1

0)× (s2
0))× (η(t10)× η(t20))

= (η(s1
0)× η(t10))× (η(s2

0)× η(t20))

= τ η(s
1
0, t

1
0)× τ η(s

2
0, t

2
0).

and soτ η is fuzzy cross subalgebra of A×A.

Theorem 3.5. Let τ be a left fuzzy relation on a fuzzy subsetη of aℵ0-algebra A. Ifν is fuzzy
cross subalgebra of A× A, thenη is fuzzy cross subalgebra of aℵ0-algebra A.

Proof. Suppose that a left fuzzy relationτ onη is a fuzzy cross subalgebra of A×A. Then

η(s1
0 ∗ s2

0) = τ(s1
0 ∗ s2

0, t
1
0 ∗ t20)

= τ((s1
0, t

1
0) ∗ (s2

0, t
2
0))

≤ τ(s1
0, t

1
0)× τ(s2

0, t
2
0)

= η(s1
0)× η(s2

0)∀s1
0, s

2
0, t

1
0, t

2
0 ∈ A.

Henceη is fuzzy cross sub algebra of anℵ0-algebra A.

4. FUZZY CROSSℵ0-I DEAL OF ℵ0-ALGEBRA

Definition 4.1. ℵ0-ideal ofℵ0-algebra. Let U be a subset ofℵ0-algebra A, then U is called
ℵ0-ideal of A if it satisfies the important following laws:

(1) 1∈ U
(2) α0∗β∈ U andα0∈U⇒β0∈ U
(3) α0∈ U, β0∈ A ⇒α0∗β0∈ U

Example 4.1. Consider aℵ0-algebra A ={0, 1, 2, 3} with the Cayley table 4.1. Clearly this
table shows that U ={0, 1, 2} is ℵ0-ideal ofℵ0-algebra.

Definition 4.2. Fuzzyℵ0-ideal ofℵ0-algebras. Let τ be a fuzzy subset ofℵ0-algebra A. Thenτ
is said to be a fuzzyℵ0-ideal of A if it satisfies the following conditions for allα0, β0∈ A:

(1) τ (1)≤ν(α0)
(2) τ(α0)≤ max{τ(α0∗β0), τ(β0)}
(3) τ(α0∗β0)≤ max{τ(α0), ν(β0)}
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∗ 0 1 2 3
0 0 0 0 0
1 1 1 2 0
2 2 1 1 0
3 1 0 0 1

Table 4.1:

Example 4.2.From the table 4.1, consider a fuzzy setτ in A byτ (0) = 0.6,τ (1) = 0.5,τ (2) =
0.8,τ (3)=0.9. Then obviouslyτ is a fuzzyℵ0-ideal ofℵ0-algebra A.

Theorem 4.1. Let τ be a fuzzy subset of a non empty set E. Thenτ is a fuzzyℵ0-ideal of E
if and only if, for any x∈ [0, 1] such thatL(τE(r0), x) 6= ∅, is a fuzzyℵ0-ideal of E, where
L(τE(r0), x) = {r∈E‖τ(r0) ≤ x}, which is called a lower-level subset ofτ .

Proof. Let us assume thatτ is a fuzzyℵ0-ideal of E. Suppose thatr0, s0 ∈ L(τE(r0), x) andr0

∗s0 ∈ L(τE(r0), x). Thenτ(r0) ≤ x, τ(s0) ≤ x andτ(r0 ∗s0) ≤ x, hence max{τ(r0 ∗s0), τ(s0)}
≤ x.

Sinceτ is a fuzzyℵ0-ideal of E,τ(1) ≤ τ(r0) ≤ x, τ(r0) ≤ max{τ(r0 ∗ s0), τ(s0)} ≤ x and
τ(r0 ∗ s0) ≤ max {τ(r0), τ(s0)} ≤ x. Hence L(τE(r0), x) is a fuzzyℵ0-ideal of E.

Conversely, assume L(τE(r0), x) is a fuzzyℵ0-ideal of E, for any x∈ [0, 1] with L(τE(r0), x) 6=
∅.

For anyr0, s0 ∈ E, let τ(r0) = x1, τ(s0) = x2, τ(r0 ∗ s0) = x3(xi∈[0, 1]). If we let x =
max{x1, x2, x3}, thenr0, s0 ∈L(τE(r0), x) 6= ∅ andr0∗s0 ∈ L(τE(r0), x).

Since L(τE(r0), x) is a fuzzyℵ0-ideal of E, we haver0 ∈ L(τE(r0), x), i.e., τ(r0) ≤
max{τ(r0 ∗ s0), τ(s0)}, τ(r0 ∗ s0) ≤ max{τ(r0), τ(s0)} so thatτ is a fuzzyℵ0-ideal of E.

Definition 4.3. Fuzzy Crossℵ0-ideals ofℵ0-algebras. Let τ be a fuzzy subset ofℵ0-algebra A.
Thenτ is said to be a fuzzy crossℵ0-ideal of A if it satisfies the following conditions for allα0,
β0, andα0 = β0 6= 1∈ A.

(1) τ(1)≤τ(α0)
(2) τ(α0)≤ τ(α0∗β0)× τ(β0)
(3) τ(α0∗β0)≤τ(α0)× τ(β0)

Example 4.3.Let A = {0, 1,α, β }. Consider the following Cayley table. Clearly this table 4.2
shows that, the system (A,∗, 0) is aℵ0-algebra. U ={0, α, 1} is aℵ0-ideal.

∗ 0 α β 1
0 0 0 0 0
α α 1 0 α
β β 0 1 β
1 1 0 0 1

Table 4.2:
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Let τ be a fuzzy set in A defined byτ (0) = 1, τ (1) = 0.5, τ (α) = τ (β) = 1. Then clearlyτ is
a fuzzy cross subalgebra of aℵ0-algebra. Also it is fuzzy crossℵ0-ideal ofℵ0-algebra A.

Theorem 4.2.Every fuzzy crossℵ0-ideal of aℵ0-algebra A is a fuzzy cross subalgebra of A.

Proof. By the definition of fuzzy crossℵ0-ideal of aℵ0-algebra A, it is clearly true that every
fuzzy crossℵ0-ideal of aℵ0-algebra A is a fuzzy cross subalgebra of A.

Remark 4.1. The converse of the Theorem 3.7 is not true.

Theorem 4.3. If λ andτ are fuzzy crossℵ0-ideals of aℵ0-algebra A, then so isλ ∪ τ .

Proof. Let α0, β0 ∈ A. Then

(λ ∪ τ)(1) = max{λ(1), τ(1)}
≤ max{λ(α0), τ(α0)}
= (λ ∪ τ)(α0).

Also,

(λ ∪ τ)(α0) = max{λ(α0), τ(α0)}
≤ max{λ(α0 ∗ β0)× λ(β0), τ(α0 ∗ β0)× τ(β0)}
≤ (max{λ(α0 ∗ β0), τ(α0 ∗ β0)})× (max{λ(α), τ(α0)})
= ((λ ∪ τ)(α0 ∗ β0))× ((λ ∪ τ)(α0)).

And,

(λ ∪ τ)(α0 ∗ β0) = max{λ(α0 ∗ β0), τ(α0 ∗ β0)}
≤ max{λ(α0)× λ(β0), τ(α0)× τ(β0)}
≤ (max{λ(α0), ν(α0)}) · (max{λ(β0), τ(β0)})
= ((λ ∪ τ)(α0))× ((λ ∪ τ)(β0)).

Henceλ ∪ τ is a fuzzy crossℵ0-ideal of aℵ0-algebra A.

Theorem 4.4. If λ andτ are fuzzy crossℵ0-ideals of aℵ0-algebra A, thenλ× τ is a fuzzy cross
ℵ0-ideal of A×A.

Proof. Let α0, β0∈A. Then

(λ× τ)(1, 1) = λ(1)× τ(1) ≤ λ(α0)× τ(β0).

For anyα0, α
1
0, β0, β

1
0∈ A, we have

(λ× τ)(α0, β0) = λ(α0)× τ(β0)

≤ (λ(α0 ∗ α1
0)× λ(α1

0))× (τ(β0 ∗ β1
0)× τ(β1

0))

= (λ(α0 ∗ α1
0)× τ(β0 ∗ β1

0))× (λ(β1
0)× τ(β1

0))

= (λ× τ)(α0, β0)× (λ× τ)(α1
0, β

1
0)

= (λ× τ)((α0, β0) ∗ (α1
0, β

1
0))× (λ× τ)(α1

0, β
1
0).
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Also,

(λ× τ)((α0, β0) ∗ (α1
0, β

1
0)) = (λ× τ)((α0 ∗ α1

0), (β0 ∗ β1
0))

= λ(α0 ∗ α1
0)× τ(β0 ∗ β1

0)

≤ ((λ(α0)× λ(α1
0))× (τ(β0)× τ(β1

0))

= (λ(α0)× τ(β0))× (λ(α1
0)× τ(β1

0))

= (λ× τ)(α0, β0) ∗ (λ× τ)(α1
0, β

1
0).

Henceλ×ν is a fuzzy crossℵ0-ideal of A× A.

Theorem 4.5. Let η be a fuzzy subset of aℵ0-algebra A andτ η be the fuzzyη-relation onℵ0-
algebra A. Thenη is a fuzzy crossℵ0-ideal of A if and only ifτ η is a fuzzy crossℵ0-ideal of A×
A.

Proof. Let η be a fuzzy crossℵ0-ideal of A. For anyα0, β0∈ A we have

τ η(1, 1) = η(1) · η(1)

≤ η(α0) · η(β0)

= τ η(α0, β0).

Let α0, α
1
0, β0, β

1
0∈ A. Then

τ η((α0, α
1
0) ∗ (β0, β

1
0)) · τ η(β0, β

1
0) = τ η(α0 ∗ β0, α

1
0 ∗ β1

0)× τ η(β0, β
1
0)

= (η(α0 ∗ β0)× η(α1
0 ∗ β1

0))× (η(β0)× η(β1
0))

= (η(α0 ∗ β0)× η(β0))× (η(α1
0 ∗ β1

0)× η(β1
0))

≥ η(α0)× η(α1
0)

= τ η(α0, α
1
0)

and,

τ η(α0, α
1
0) · τ η(β0, β

1
0) = (η(α0)× η(α1

0))× (η(β0)× η(β1
0))

= (η(α0)× η(β0))× (η(α1
0)× η(β1

0))

≥ η(α0 ∗ β0)× η(α1
0 ∗ β1

0)

= τ η(α0 ∗ β0, α
1
0 ∗ β1

0)

= τ η((α
1
0, α

1
0) ∗ (β1

0, β
1
0)).

Thusτ η is a fuzzy crossℵ0-ideal of A× A.
Conversely suppose thatτ η is a fuzzy crossℵ0-ideal of A× A.

(η(1))2 = η(1)× η(1) = νη(1, 1) ≤ τ η(α0, α0)

= τ(α0)× τ(α0) = (τ(α0))
2

and soη(1) ≤ η(α0) for all α0 ∈A. Also we have

(η(α0))
2 = νη(α0, α0)

≤ τ η((α0, α0) ∗ (β0, β0))× νη(β0, β0)

= τ η((α0 ∗ β0), (α0 ∗ β0))× τ η(β0, β0)

= η((α0 ∗ β0) · η(β0))
2,
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which implies thatη(α0) ≤ η(α0∗β0)× η(β0) for all α0, β0 ∈A. Also we have

(η(α0 ∗ β0))
2 = τ η(α0 ∗ β0, α0 ∗ β0)

= τ η((α0, α0) ∗ (β0, β0))

≤ τ η(α0, α0)× τ η(β0, β0)

= (η(α0)× η(β0))
2

η(α0 ∗ β0) ≤ η(α0)× η(β0)∀α0, β0 ∈ A.

Thereforeη is a fuzzy crossℵ0-ideal of A.

Theorem 4.6.Let τ be a left fuzzy relation on a fuzzy subsetη of aℵ0-algebra A. Ifτ is a fuzzy
crossℵ0-ideal of A× A, thenη is a fuzzy crossℵ0-ideal of aℵ0-algebra A.

Proof. Let the fuzzy relationτ onη be a fuzzy crossℵ0-ideal of A×A. Thenη(1) = τ(1, γ)∀γ∈
A.

By puttingγ=1,
η(1) = τ(1, 1) ≤ ν(α0, β0) = η(α0), for all α0 ∈ A.
For anyα0, α

1
0, β0, β

1
0 ∈ A

η(α0) = τ(α0, β0)

≤ τ((α0, β0) ∗ (α1
0, β

1
0))× τ(α1

0, β
1
0)

= τ((α0 ∗ α1
0), (β0 ∗ β1

0))× τ(α1
0, β

1
0)

= η(α0 ∗ α1
0)× η(α1

0)

Also,

η(α1 ∗ α1
0) = τ(α0 ∗ α1

0, β0 ∗ β1
0)

= τ((α0, β0) ∗ (α1
0, β

1
0))

≤ τ(α0, β0)× τ(α1
0, β

1
0)

= η(α0)× η(α1
0).

Thusη is a fuzzy crossℵ0-ideal of aℵ0-algebra A.

5. I NTUITIONISTIC FUZZY ℵ0-IDEAL OF ℵ0-ALGEBRA

Here, the idea of intuitionistic fuzzyℵ0-ideal ofℵ0-algebra is introduced and we investigate
several interesting properties, and study some relation on intuitionistic fuzzyℵ0-algebra.

Definition 5.1. Let X be anℵ0-algebra. An intuitionistic fuzzy set E =< r0, γE, δE > is called
an intuitionistic fuzzyℵ0-algebra if it satisfies

(1) γE(r0 ∗ s0) ≤ Max{γE(r0), γE(s0)}
(2) δE(r0 ∗ s0) ≥ Min{δE(r0), δE(s0)}

Example 5.1.Consider anℵ0-algebra E ={0, 1,α} with the Cayley table 5.1. Here

* 0 1 α
0 0 0 0
1 0 1 1
α 0 1 1

Table 5.1:
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γE (x) =

{
0.2 if x = 1
0.3 if x = 0, 2

, γE (x) =

{
0.4 if x = 1
0.3 if x = 0, 2

.

Then E is an intuitionistic fuzzyℵ0-algebra.

Definition 5.2. An intuitionistic fuzzyℵ0-ideal ofℵ0-algebra X is defined in X as follows:
(1) γE(r0) ≤ Max{γE(r0 ∗ s0), γE(s0)}
(2) δE(r0) ≥ Min{δE(r0 ∗ s0), δE(s0)}
(3) γE(r0 ∗ s0) ≤ γE(r0)
(4) δE(r0 ∗ s0) ≥ δE(r0) for all r0, s0 ∈ X

Example 5.2. Consider anℵ0 algebra E ={0, 1,α} where 0< α < 1 with the Cayley table
5.2. Here

* 0 1 α
0 0 1 0
1 0 1 α
α 0 0 1

Table 5.2:

γE (x) =

{
0.5 if x = 1
0.3 if x = 0, α

, γE (x) =

{
0.4 if x = 1
0.6 if x = 0, α

Then E is an intuitionistic fuzzyℵ0-algebra.

Theorem 5.1.Let E = <r0, γE, δE> be an intuitionistic fuzzyℵ0-ideal ofℵ0-algebra X. Then
γE(1) ≤ γE(r) andδE(1) ≥ δE(r0) for all r0 6= 0 ∈ X.

Proof. SinceγE(r0 ∗ s0) ≤ γE(r0) andδE(r0 ∗ s) ≥ δE(r0) for all r ∈ X, then
γE(r0 ∗ r0) ≤ γE(r0) andδE(r0 ∗ r0) ≥ δE(r0) for all r0 6= 0 ∈ X
HenceγE(1) ≤ γE(r0) and alsoδE(1) ≥ δE(r0) for all r0 6= 0 ∈ X.

Theorem 5.2.Any intuitionistic fuzzyℵ0-ideal is intuitionistic fuzzyℵ0-algebra X.

Proof. Let E = < r0, γE, δE > be any intuitionistic fuzzyℵ0-ideal. ThenγE(r0 ∗ s0) ≤
γE(r0) ≤ Max{γE(r0 ∗ s0), γE(s0)} ≤ Max{γE(r0), γE(s0)}.

And alsoδE(r0 ∗ s0) ≥ δE(r0) ≥ Min{ δE(r0 ∗ s0), δE(s0)} ≥ Min{δE(r0 ∗ s0), δE(s0)}
∀r0, s0 ∈ X.

Theorem 5.3. Let E = < r0, γE, δE > be an intuitionistic fuzzy set. E is an intuitionistic fuzzy
ℵ0-ideal ofℵ0-algebra X if and only if the fuzzy setγE andδE are intuitionistic fuzzyℵ0-ideal.

Proof. Assume that E =< r0, γE, δE > be an intuitionistic fuzzyℵ0-ideal ofℵ0-algebra X.
ClearlyγE is a fuzzyℵ0-ideal. Here,δE(1) = 1 -δE(1) ≤ 1− δE(r0) = δE(r0).

Now δE(r0)= 1 -δE(r0) ≤ 1−Min{δE(r0∗s0), δE(s0)} = Max{1−δE(r0∗s0), 1−δE(s0)}.
HenceδE(r0) ≤ Max{δE(r0 ∗ s0), δE(r0)}.
Again δE(r0 ∗ s0) = 1− δE(r0 ∗ s0) ≤ 1− δE(s0) = δE(s0).
i.e.,δE(r0) ≤ δE(s0) and thenδE is a fuzzyℵ0-ideal of X.
Conversely, assume the fuzzy setγE andδE are intuitionistic fuzzyℵ0-ideal ofℵ0-algebra X.
For anyr0, s0 ∈X, γE(r0) ≤ Max{γE(r0∗s0), γE(s0)} 1-δE(r0) = δE(r0) ≤ Max{δE(r0∗

s0), δE(r0)} = Max{1− δE(r0 ∗ s0), 1− δE(s0)} = 1−Min{δE(r0 ∗ s0), δE(s0)}.
Then,δE(r0) ≥ Min{δE(r0 ∗ s0), δE(s0)}.
Also γE(r0 ∗ s0) ≤ γE(r0) andδE(r0 ∗ s0) ≤ δE(s0). Then 1 -δE(r0 ∗ s0) ≤ 1− δE(s0) and
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hence
δE(r0 ∗ s0) ≥ δE(s0). Thus E=< r0, γE, δE > is an intuitionistic fuzzyℵ0-ideal ofℵ0-

algebra.

Theorem 5.4. Let E = < r0, γE, δE > be an intuitionistic fuzzy set. Then E is a fuzzyℵ0-ideal
if and only if, for anyx0, y0 ∈ [0, 1] such that L(γE(r0), x0) 6= ∅ and U(δE(r), y0) 6= ∅ areℵ0-
ideals, where L(γE(r0), x0) = {r0 ∈ E‖γ(r0) ≤ x0} and U(δE(r0), y0) = {r0 ∈ E‖δ(r0) ≥ y0}.

Proof. Assume that E is a fuzzyℵ0-ideal of E. Suppose thatx0, y0 ∈ E ands0 ∈ L(γE(r0), x0)
andr0 ∗ s0 ∈ L(γE(r0), x0). Thenγ(s0) ≤ x0 andγ(r0 ∗ s0) ≤ x0.

Sinceγ is a fuzzyℵ0 -ideal of E,γ(r0) ≤ max{γ(r0 ∗ s0), γ(s0) ≤ x0 andγ(r0 ∗ s0) ≤ max
{γ(r0), γ(s0) } ≤ x0, i.e.,r0 ∈ L(γE(r0), x0). Hence L(γE(r0), x0) is aℵ0-ideal of E.

Again, if x0, y0 ∈ E ands0 ∈ U(δE(r0), y0) andr0 ∗ s0 ∈ U(δE(r0), y0), thenδ(s0) ≥ y0 and
δ(r0 ∗ s0) ≥ y0.

Sinceτ is a fuzzyℵ0-ideal, δ(r0) ≥ min {δ(r0 ∗ s0), δ(s0) } ≥ y0 andδ(r0 ∗ s0) ≥ min
{δ(r0), δ(s0) } ≥ y0, i.e.,r0 ∈ U(δE(r0), y0). Hence U(δE(r0), y0) is aℵ0-ideal.

Conversely, assume L(γE(r0), x0), U(δE(r0), y0) are fuzzyℵ0-ideals, for anyx0 ∈ [0, 1] with
L(γE(r0), x0) 6= ∅ and U(δE(r0), y0) 6= ∅.

For anyr0, s0 ∈ E, letγ(r0) = x1
0, γ(s0) = x2

0, γ(r0 ∗ s0) = x3
0 (xi

0∈[0, 1]). If we let x0 =
max{x1

0, x
2
0, x

3
0 }, thenr0, s0 ∈ L(γE(r0), x0) 6= ∅ andr0 ∗ s0 ∈ L(γE(r0), x0).

Since L(γE(r0), x0) is a fuzzyℵ0-ideal, we haver0 ∈ L(γE(r0), x0), i.e.,γ(r0) ≤ max{τ(r0

∗ s),τ(s0) }, γ(r0 ∗s0) ≤ max{γ(r0), γ(s0) }.
Also for anyr0, s0 ∈ E, letγ(r0) = y1

0, γ(s0) = y2
0, γ(r0 ∗ s0) = y3

0 (yi
0∈[0, 1]). If we lety0

= min {y1
0, y

2
0, y

3
0 }, thenr0, s0 ∈ U(δE(r0), y0)6= ∅ andr0 ∗s0 ∈ U(δE(r0), y0).

Since U(δE(r0), y0) is a fuzzyℵ0-ideal, we haver0 ∈ U(δE(r0), y0), i.e.,δ(r0) ≥ min {δ(r0

∗s0), δ(s0) }, δ(r0 ∗s0) ≥ max{δ(r0), δ(s0) } so that E is a fuzzyℵ0-ideal.

6. I MAGE PROCESSING ON ℵ0-ALGEBRA

In recent years, the field of computer vision has experienced significant growth. Computer
vision is concerned with the development of systems that can interpret the content of natural
scenes. Computer vision systems start with detective work and finding some options within the
input image. One of the main advantages of feature extraction is that it significantly reduces the
amount of data required to represent an image in order to understand its content.

To obtain the appropriate purpose of a feature using similarity matching, a template window
is used. This window is moved element by element over a larger search window around a
computable corresponding purpose, and the similarity between the two regions is measured
at each position. The position of the most effective match is determined by the maximum or
minimum value of the resulting measurements. Normalized cross correlation is a well-known
technique for determining the degree of similarity between two regions.

6.1. EDGE DETECTION. Edge detection is a essential device in image processing, particu-
larly for function detection and extraction, with the intention of figuring out factors in a virtual
photograph in which the brightness of the image adjustments abruptly, and detecting discontinu-
ities. Edge detection reduces the quantity of statistics in an image whilst keeping the structural
functions for similarly image processing. Edge in a grayscale photograph is a neighborhood
function that separates areas inside a community in which the grayscale is greater or much less
uniform and has special values on both aspect of the threshold. It is tough to locate edges in a
loud image due to the fact each the threshold and the noise include excessive frequency content,
ensuing in a blurred and distorted image.

The FFAST edge detector is a suitable edge detector, which extracts the edge of the image.
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The working rules of F corner detection must satisfy theℵ0-algebra, which is∆x = {{ (k, l) &
(k, l+1) & (k+1, l+1)} are whites and{(k-1, l) & (k, l-1) & (k-1, l-1) & (k-1, l+1) & (k+1, l-1),
(k+1, l)} are blacks}(see Figure 1)

Figure 1: ∆x

∆y = {{(k-1, l), (k, l) & (k, l+1) & (k+1, l+1)} are whites and{(k-1, l-1) & (k-1, l+1) &(k,
l-1) & (k+1, l-1) &(k+1, l+1)} are blacks}(see Figure 2)

y.jpg

Figure 2: ∆y

In the proposed F edge detection, instead of only considering a limited configuration space,
in order to create a more efficient solution, a thorough configuration space is examined. The F
edge detector operates in the following manner:

Algorithm 1. (1) Using a good edge detector such as Canny, extract the edge contours
from the input image.

(2) Fill in any small gaps in the edge contours. Mark the gap as a T-corner when it forms a
T=1.96 σ̂s -junction.

(3) Calculate the curvature of the edge contours at a large scale.
(4) The edge points are defined as the mini - maxi principles (Fuzzy Concept) of absolute

curvature that are greater than a certain threshold value.
(5) To improve localization, track the corners through multiple lower scales.

6.2. EXPERIMENTAL STUDY. The F edge detection algorithm was implemented in MAT-
LAB Tool. The performance of the F edge is tested with images of different types file. The
processing for detection of edges in images summarized in Figure 3.

7. CONCLUSION

In this paper we have introduced a new algebra and its corresponding fuzzy subalgebra.
Fuzzy ideals and intuitionistic fuzzy ideals are defined and explained with some important re-
sults. Finally, this concept is applied in image processing to detect the edges. In future, this
study can be extended to do more research onℵ0- algebra.
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Figure 3: Types of files in edge detection
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