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Abstract: Herewith proposed is an application of elements of the theory of intuitionistic fuzzy
sets to a problem from the area of agriculture, namely application of different intuitionistic fuzzy
operators to the problem of ensuring economic irrigation of farmland.

We start from the assumption that the separation of an agricultural area can be done in the
same way as the separation of image. Separating an area requires the use of certain variables, and
the proposed application exhibits a variety of such variables like temperature, level of afforesta-
tion, type of trees, various characteristics of soil, including soil moisture, slope of the terrain,
air humidity in agricultural area, etc. From all these variables, we have chosen to include in our
model the type of soil, air humidity and soil humidity.

For the purpose of the present research, we benefit from the definition of membership function
implementing the enhancement algorithm as described with membership functions in [8] and
Zω
α,β , Fα,β , Bα,β as described in [2,3]. These operators were used for optimal tuning the variables

in the economic irrigation model.
Keywords: Intuitionistic fuzzy modal operators, Agricultural application, Intuitionistic fuzzy
logic, Contrast enhancement.
AMS Classification: 03E72.

1 Introduction

Intuitionistic Fuzzy Sets were defined by Atanassov, in 1983 in [1]. Some applications of this
theory were used in various areas such as contrast enhancement, control systems, robotics, etc.
Herewith proposed is application of elements of the theory of intuitionistic fuzzy sets to a problem
from the area of agriculture, namely application of different intuitionistic fuzzy operators to the
problem of ensuring economic irrigation of farmland.
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Our basic assumption is that the separation of an agricultural area can be done in the same way
as the separation of an image. In addition to results of other authors, developing approaches to
intuitionistic fuzzy estimation of the area of 2D-figures, [6, 7], we use here our previous results,
where the application of the intuitionistic fuzzy modal operator Eα,β to agricultural areas was
studied in [3]. Separating an area requires the use of certain variables. There is a variety of such
variables like temperature, level of afforestation, type of trees, various characteristics of soil,
including soil moisture, slope of the terrain, air humidity in agricultural area, etc. From all these
variables, we have chosen to include in our model the type of soil, air humidity and soil humidity.

For this purpose, we benefit from the definition of membership function implemented the
enhancement algorithm as described with membership functions in [8] and Zω

α,β , Fα,β , Bα,β as
described with intuitionistic fuzzy sets in [2,3]. These operators were used for optimal tuning the
variables in the economic irrigation model.

Intuitionistic fuzzy modal operators provide a lot of suitable algorithms in several areas. They
can be also used for estimation of agricultural parameters. While soil is irrigated, soil irrigation
should be made step by step in order to absorb more water. For determining the levels of irrigation,
we will use intuitionistic fuzzy operators. We apply these operators for area in three or more steps.
In this way, the goal is, using the process proposed in this paper, to have less water used than in
traditional irrigation systems. We will examine intuitionistic fuzzy modal operators Zω

α,β , Fα,β ,
Bα,β for this purpose.

Definition 1. [2] An intuitionistic fuzzy set (shortly IFS) on a set X is an object of the form

A = {〈x, µA(x), νA(x)〉 : x ∈ X}

where µA(x), (µA : X → [0, 1]) is called the “degree of membership of x in A ”, νA(x), (νA :

X → [0, 1])is called the “ degree of non-membership of x in A ”, and where µA and νA satisfy
the following condition:

µA(x) + νA(x) ≤ 1, for all x ∈ X.

Definition 2. [2], [3] LetA be an intuitionistic fuzzy set onX then the followings are intuitionistic
fuzzy one, two and uni type modal operators, respectively,

1. Zω
α,β (A) = {〈x, β(αµA(x) + ω − ω.α), α(βνA(x) + ω − ω.β)〉 : x ∈ X}

2. Fα,β (A) = {〈x, µA(x) + απA (x) , νA(x) + βπA (x)〉 : x ∈ X}

3. Bα,β (A) = {〈x, β(αµA(x) + 1− α)νA(x), α((1− β)µA(x) + νA(x))〉 : x ∈ X}

For our study, we use an area as in Figure 1. We study different types of plants cultivated in
this farm, which feature varying parameters of temperature, slope of the terrain, soil moisture and
air humidity. In this case, this farmland can be separated domain by domain as shown in Figure
2. After this operation, every domain will be separated with respect to these variables, as given
in Figure 3.
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Figure 1

Figure 2

Figure 3

We will use some properties of intuitionistic fuzzy sets and the modal operators Zω
α,β , Fα,β ,

Bα,β, which are defined on the intuitionistic fuzzy sets. From the definition of the Zω
α,β , Fα,β ,

Bα,β , we can use some value such as α, β, ω. α, β and ω are considered to be used for calculating
the level of humidity and the number of steps of watering. In addition, α, β, ω ∈ [0, 1] and they
do not affect each other.

2 The use of intuitionistic fuzzy modal operators
in agricultural applications

We give geometrical interpretations of operators Fα,β , Bα,β and Zω
α,β respectively in Graph 1,

Graph 2 and Graph 3 for the model of irrigation of agricultural areas. In the graphs, it can be easily
seen that Fα,β and Bα,β are not enough for estimation of an appropriate irrigation process. For
this reason, it can be easily seen in above graphs, the application of Fα,β and Bα,β on agricultural
models for the performance of irrigation is not as suitable as Zω

α,β , so in this study, we will use
Zω
α,β .

Graph 1
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Graph 2

Graph 3

3 The use of Zω
α,β operator for estimation of models

in agricultural areas

There are seven types of soil; stony soils, sandy soils, loamy soils, clay soils, marl soils, humus
soils, calcareous soils. Every kind of soils has different the level of water retention. It is necessary
to determine the level of water retention for every kind of soils.

We set the parameter α in Zω
αβ to determine the kind of soil. For example, α ≤ 0.2 for humus

soil and α ≥ 0.5 for sandy soil.
Sandy soil needs to water more than other types of soils. In addition, such agricultural areas

are watered frequently, yet little by little because sandy soil does not absorb water well.
In this study, areas which have humidity approximately 0.65 are studied but areas which have

humidity such that 0.1 may be studied. We use the following solution for this problem.
Firstly, the selection of α, β, ω in Zω

αβ is made as follows in order to determine the value of
the water requirements of the land.
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Theorem 1. The partial sum sequence of coefficients of n-th degree of Zω
αβ (A) is convergence.

Proof. (
Zω
αβ (A)

)n
=

{〈
x, αnβnµ (A) + βω (1− α)

n−1∑
i=0

(αβ)i , αnβnν (A) + αω (1− β)
n−1∑
i=0

(αβ)i
〉

: x ∈ X

}
Let a = βω (1− α) , r = αβ. Then sequentially we obtain

Sk = a
k∑
i=0

ri = a+ ar + ...+ ark

rSk = ar + ar2 + ...+ ark+1

Sk = a
1− rk+1

1− r
Sn−1 = a

1− rn

1− r
Therefore, for Sn−1 we obtain

a

1− r
=

βω (1− α)
1− αβ

. For non-membership obtained in the

same way:
αω (1− β)
1− αβ

.

Remark 1. For the coefficient of required humidity (rh) of agricultural area, which is related to
the type of soil and plants, the level of humidity of area is calculated as below:

• βω (1− α)
1− αβ

is the membership degree of
(
Zω
αβ (A)

)n;

• αω (1− β)
1− αβ

is the non-membership degree of
(
Zω
αβ (A)

)n
;

• rh =
1 + βω − 2αβ

2 (1− αβ)

Example 1. Let X be an agricultural area. Variable α in Zω
αβ represents the type of soil and

|β − ω| represents the water requirement, that is, if |β − ω| is low then the water requirement of
plant is low and if |β − ω| is high the water requirement of plant is high.

Example 2. For Zω
α,β , let α = 0.1, β = 0.9, ω = 0.9 . For this area, the following rh is calculated.

It can be easily seen on Graph 4. By the help of theorem, we obtain:

βω (1− α)
1− αβ

=
0.9× 0.9 (1− 0.1)

1− (0.1× 0.9)
=

0.81× 0.9

1− 0.09
=

0.729

0.91
= 0.801098

which is close to the membership degree

αω (1− β)
1− αβ

=
0.1× 0.9 (1− 0.9)

1− (0.1× 0.9)
=

0.09× 0.1

1− 0.09
=

0.009

0.91
= 0.009801

which is close to the non-membership degree

rh =
1 + βω − 2αβ

2 (1− αβ)
=

0.801098 + 0.990199

2
= 0.8956485
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Graph 4

The following graph examined for humus soil. It is obtained that a field has suitable humidity
as calculated by Zω

αβ operator in Table 1. We get the values of α, β, ω respectively 0.1, 0.5 and
0.5 for the Zω

αβ operator.

Graph 5

As it is seen from the Graph 5, land irrigation is shown in 3 steps. Land is irrigated very fastly
in the first step. Then in other steps, the speed of irrigation becomes increasingly slower.

In Table 2, we find the suitable humidity of sandy soil by using Zω
αβ (A).

Example 3. The following Graph 6 examines for sandy soil. Sandy soil does not absorb water
well; therefore, the more steps apply the more amount of water absorbs. For this reason, we use
five steps for sandy soil. In Zω

αβ operator the parameters have values α = 0.5, β = 0.9, ω = 0.5

for sandy soil. Water absorption gradually decreases, so water with which plants are irrigated,
decreases. Thus, we provide the required humidity in an economical way.
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Table 1
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Table 2
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Graph 6

Example 4. For marl soil; if we choose α = 0.3, β = 0.9, ω = 0.5, then we obtain the result
from Graph 7.

Graph 7

Example 5. For loamy soil, if we choose α = 0.6, β = 0.9, ω = 0.45, then we obtain the result
from Graph 8.

Graph 8
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In the different cases of critical levels of moisture that soil needs for every domains, we can
separate the domains with respect to the temperature, the slope of the terrain, soil moisture and
air humidity. In the general case, we suppose that the farmland has afforestation consisting of
the same type of trees. By analogy with [5], instead of using operator Eαβ , by using the operator
Zω
αβ the problems of temperature, slope, soil moisture and air humidity related to the farmland

systems may be resolved in similar manner. Thus the presented system paves the way for farmers
to utilize less water for irrigation in a more economical way, compared to traditional methods in
agricutlure.
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