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Abstract
Fuzzy logic brings an essential set of tools for creating, modifying, 
and visualizing fuzzy sets and fuzzy logic based systems. Fuzzy 
logic allows for approximate values and inferences as well as 
incomplete or ambiguous data i.e. fuzzy data as opposed to only 
relying on crisp data. In this paper we mainly focus on the fuzzy 
sets, operations, decisions and their applications that can be 
performed.
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I. Introduction
The way that people think is inherently fuzzy. The way that we 
perceive the world is continually changing and cannot always be 
defined in true or false statements. Fuzzy logic has rapidly become 
one of the most successful of today’s technologies for developing 
sophisticated control systems. The reason for which is very simple. 
Fuzzy logic addresses such applications perfectly as it resembles 
human decision making with an ability to generate precise solutions 
from certain or approximate information. It fills an important gap 
in engineering design methods left vacant by purely mathematical 
approaches and purely logic-based approaches in system design. 
A fuzzy design can accommodate the ambiguities of real world 
human language and logic. It provides both an intuitive method for 
describing systems in human terms and automates the conversion 
of these system specifications into effective models.
Fuzzy logic is a superset of conventional i.e. Boolean logic that 
has been extended to handle the concept of partial truth values 
between “completely true” and “completely false”. It is the logic 
underlying modes of reasoning which are approximate rather than 
exact. The importance of fuzzy logic derives from the fact that 
most modes of human reasoning and especially common sense 
reasoning are approximate in nature.

II. Fuzzy Sets
In mathematics a set, by defining, is a collection of things that 
belong to some definition. Any item either belongs to that set or 
does not belong to that set. For example the set of tall men. We 
shall say that people taller than or equal to 6 feet are tall. This set 
can be represented graphically as follows:
The function shown above describes the membership of the tall 
set, you are either in it or you are not in it. This sharp edged 
membership functions works nicely for binary operations and 
mathematics, but it does not work as nicely in describing the real 
world. The membership function makes no distinction between 
somebody who is 6’1” and someone who is 7’1”, they are both 
simply tall. Clearly there is a significant difference between the two 
heights. The other side of this lack of distinction is the difference 
between a 5’11” and 6’0” man. 

Fig. 1: Shape-Edged Membership Function-I

The fuzzy set approach to the set of tall men provides a much 
better representation of the tallness of a person. The set shown 
below is defined by a continuously inclining function.

Fig. 2: Shape-Edged Membership Function-II

This is only a difference of one inch however this membership 
function just says one is tall and the other is not tall. The membership 
function defines the fuzzy set for the possible values underneath 
of it on the horizontal axis. The vertical axis, on a scale of 0 to 1, 
provides the membership value of the height in the fuzzy set. So 
for the two people shown above the first person has a membership 
of 0.3 and so is not very tall. The second person has a membership 
of 0.95 and so he is definitely tall. He does not, however, belong 
to the set of tall men in the way that bivalent sets work; he has a 
high degree of membership in the fuzzy set of tall men.
So a paradigm is a set of rules and regulations which defines 
boundaries and tells us what to do to be successful in solving 
problems within these boundaries. For example the use of 
transistors instead of vacuum tubes is a paradigm shift likewise 
the development of fuzzy set theory from conventional bivalent 
set theory is a paradigm shift.
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III. Fuzzy Rules
Human beings make decisions based on rules. Although, we may 
not be aware of it, all the decisions we make are all based on 
computer like if-then statements. If the weather if fine, then we 
may decide to go out. If the forecast says the weather will be bad 
today, but fine tomorrow, then we make a decision not to go today, 
and postpone it till tomorrow. Rules associate ideas and relate one 
event to another. Fuzzy machines, which always tend to mimic 
the behavior of man, work the same way. However, the decision 
and the means of choosing that decision are replaced by fuzzy 
sets and the rules are replaced by fuzzy rules. Fuzzy rules also 
operate using a series of if-then statements. Fuzzy rules define 
fuzzy patches, which is the key idea in fuzzy logic.
In a fuzzy system this simply means that all our rules can be 
seen as patches and the input and output of the machine can be 
associated together using these patches. Graphically, if the rule 
patches shrink, our fuzzy subset triangles get narrower. As of now 
the smartness of our fuzzy machines are dependent on the rules 
given. The greater the number of rules, the smarter the machine 
gets. However, this means that the performance of the fuzzy 
machines is restricted by the capabilities of the human brain. 
Therefore, how do we make the machines think for themselves and 
come up with rules of its own? Consider the way the human beings 
learn. We all learn through experience and through experience we 
become smarter. Whether, it is the smell of lime, or the picture of 
our mother, we remember things as it is given to us. With memory, 
we improve on our actions or thoughts and by definition become 
smarter. Fuzzy logic can be applied the same way. Instead, of 
depending on humans to put specific fuzzy rules to deal with 
every situation, the machine should be able to produce its own 
rules though experience. This can be done with the Date In Rules 
Out (DIRO) method.
The Data in rule out method is simple, put data in through a black 
box and rules come out as shown in the Fig. below.

Fig. 3: Application of Neural Network on Data

Neural networks, which fill the black box is beyond the scope 
of this article. However, it is important to note that it is neural 
networks, which acts like the eyes and ears of an adaptive fuzzy 
system whose rule changes with experience. The adaptive fuzzy 
system tunes its rules as it samples new data. At first the rules 
changes fast. This lets the fuzzy system find a working set of fuzzy 
rules. Then with more samples, the rules change and fine tunes 
itself and as the saying goes practice make perfect.

IV. Fuzzy Decisions
Most decisions that people make are logical decisions, they look 
at the situation and make a decision based on the situation. The 
generalized form of such a decision is called a generalized modus 
ponens. The linguistic rules are used to define the relation between 
the input and the output, but how exactly are the output fuzzy 
values determined? The aggregate fuzzy membership function 
is the result of the rule based inference decision making process. 
To get a finite number as an output we need to go through the 
Defuzzification process. Defuzzification is a method that produces 
a number that best represents and consistently represents the fuzzy 

set. There are many ways to do this with most of them being 
some type of averaging method. The most common is the centroid  
method, this calculates the center of area of the fuzzy set and uses 
the value at which this occurs as the defuzzified output. Other 
methods include the bisector, largest of maximum, smallest of 
maximum and middle of maximum.

V. Fuzzy Engineering
There is more to fuzzy logic than some interesting mathematics, 
it has some impressive applications in engineering. The main 
application of fuzzy logic in engineering is in the area of control 
systems. The definition of a control system is an interconnection 
of components forming a system configuration that will provide a 
desired response. This means that a control system need to know 
the desired response input and it needs to process this input and 
attempt to achieve it. The general control system can then be 
summarized with the following diagram:

Fig. 4: Input-Output Functions

The process is the system that is being controlled and cannot 
typically be changed. The controller then must take the input and 
also take measurements from the process and use this information 
to generate the appropriate input to the process. A basic example 
of a controller would be a summing point that will provide the 
difference between input and output to the process, whereas a more 
advanced controller would be a PID controller. A fuzzy logic based 
controller will use fuzzy membership functions and inference rules 
to determine the appropriate process input. Designing a fuzzy 
controller is a more intuitive approach to controller design since 
it uses a comprehend able linguistic rule base.
A fuzzy controller can be broken down into three main processes. 
The first of these is the fuzzificaiton, this uses defined membership 
functions to process the inputs and to fuzzify them. These fuzzified 
inputs are then used in the second part, the rule-based inference 
system. This system uses previously defined linguistic rules to 
generate a fuzzy response. The fuzzy response is then defuzzified 
in the final process: defuzzification. The process will provide a 
real number as an output.

VI. Conclusion
Almost any control system can be replaced with a fuzzy logic based 
control system. This may be overkill in many places however 
it simplifies the design of many more complicated cases. So 
fuzzy logic is not the answer to everything, it must be used when 
appropriate to provide better control. If a simple closed loop or PID 
controller works fine then there is no need for a fuzzy controller. 
There are many cases when tuning a PID controller or designing 
a control system for a complicated system is overwhelming, this 
is where fuzzy logic gets its chance to shine.
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