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ABSTRACT

The aim of this dissertation is to introduce a new method of images fusion using
neutrosophic fuzzy sets, study of the neutrosophic fuzzy soft sets based on BCK-
modules and investigate their properties.

In chapter 1: The previous concepts of fuzzy sets, soft sets, BCK-algebras, BCK-
modules and fuzzy BCK-modules are introduced. Also, some of the properties,
theories and results are reviewed in order to take advantage of them in the coming
chapters of the thesis.

In chapter 2: A simple and effective approach is introduced to fusion infrared and
visual images using neutrosophic fuzzy sets in order to extract target details from
infrared images and improve visibility in the performance of surveillance systems.
Experimental results are applied to evaluate the performance of this approach and
compare it to the recent image fusion methods using several objective evaluation
criteria. These experiments demonstrate that the proposed method achieves
outstanding visual performance and excellent objective indicators.

In chapter 3: The notion of neutrosophic soft sets is applied to the theory of BCK-
modules by introducing the notion of neutrosophic fuzzy soft BCK-submodules and
deriving their basic properties. Also, translations and multiplications of neutrosophic
fuzzy soft BCK-submodules are discussed. Extensions of neutrosophic fuzzy soft
BCK-submodules are introduced. Relation between translations and extensions of
neutrosophic fuzzy soft BCK-submodules are presented. Finally, in the last section
an application of neutrosophic fuzzy soft sets in decision making is investigated and
an example demonstrating the successfully application of this method

is provided.
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PREFACE

The information that is associated with real world problems, are often uncertain or
imprecise because of their fuzzy nature and this is also due to the limited knowledge
and the ability to perceive in humans. Most of these problems, were solved by different
theories. One of the most important theories used is the fuzzy set theory provided by
Lotfi Zadeh [78]. Later, several researches presented a number of results using
different direction of fuzzy set such as : interval fuzzy set [71], intuitionistic fuzzy set
[6], both of these are successful to some extent in dealing with the problems arising
due to the vagueness present in the real world, but there are also cases where these
theories failed to give satisfactory results. In 1995, Smarandache [64] introduced the
theory of neutrosophic as new mathematical tool for dealing with problems involving
imprecise, indeterminacy, and inconsistent data. The neutrosphic set was characterized
by a degree of indeterminant which made it effective in dealing with situations of
uncertainty. In 1999, Molodtsov proposed a new theory for dealing with uncertainties
called "soft set theory" [54]. He pointed out several directions for the applications of
soft sets. Recently, Maji [48] combined the neutrosophic sets with soft sets and
introduced a new mathematical model which is "neutrosophic soft set". Since then, the
researches in the field of neutrosophic fuzzy sets and neutrosophic fuzzy soft sets are
progressing rapidly including different domains such as engineering, medical science,
social science, physics, statistics, graph theory, artificial intelligence, pattern
recognition, robotics, image processing, computer networks, project scheduling and
decision making.

The notion of BCK-algebras was introduced by Y. Imai et al. in 1966 [26]. In 1994,
the notion of BCK-modules was introduced by H. Abujable, M. Aslam and A.
Thaheem as an action of BCK-algebras on abelian group [1]. BCK-modules theory
then was developed by Z. perveen, M. Aslam and A. Thaheem [58]. Bakhshi [9]
presented the concept of fuzzy BCK-modules and investigated their properties.
Recently, H. Bashir et al applied the theory of soft sets on BCK-modules in [33]. As
a sequel to complete this work in field of the fuzzy soft set theory in this thesis, we
apply the notion of neutrosophic fuzzy soft sets to the theory of BCK-modules by
introducing the notion of neutrosophic fuzzy soft BCK-submodules. Also, we
introduce an application of neutrosophic fuzzy soft sets to solve a decision-making
problem and an application of neutrosophic fuzzy sets in field of images fusion

and processing them.

The study of neutrosophic fuzzy sets, neutrosophic fuzzy soft sets and their
properties have a considerable significance in the sense of applications as well as in
understanding the fundamentals of uncertainty. In the future, we shall further
develop more algorithms and apply them to solve practical applications in areas such
as group decision making, images processing, images fusion and so on.



