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Abstract — Neuro Fuzzy is a hybrid system that combines 

Artificial Neural Networks with Fuzzy Logic. Provides a 

great deal of freedom when it comes to thinking. This 

phrase, on the other hand, is frequently used to describe a 

system that combines both approaches. There are two basic 

streams of neural network and fuzzy system study. 

Modelling several elements of the human brain (structure, 

reasoning, learning, perception, and so on) as well as 

artificial systems and data: pattern clustering and 

recognition, function approximation, system parameter 

estimate, and so on. In general, neural networks and fuzzy 

logic systems are parameterized nonlinear computing 

methods for numerical data processing (signals, images, 

stimuli). These algorithms can be integrated into dedicated 

hardware or implemented on a general-purpose computer. 

The network system acquires knowledge through a 

learning process. Internal parameters are used to store the 

learned information (weights). 

Keywords — Artificial Neural Networks (ANN), Neural 
Networks (NNs), Fuzzy Logic (FL), Neuro-Fuzzy, Probability 
Reasoning, Soft Computing, Fuzzification, Defuzzification, 
Fuzzy Inference Systems, Membership Function. 

 

1.INTRODUCTION 
 

1.1 Fuzzy Logic 
 
Fuzzy Logic (FL) is a type of reasoning that is similar to 

human thinking [1]. This approach is similar to how 

humans perform decision-making and it involves all other 

intermediate possibilities between yes and no. 

 
Figure 1: Fuzzy Logic 

For example, suppose there is a question asked as is it 

raining?  

In the Boolean logic the answer can either be yes 

or no i.e. it only takes the value to be as 1 or 0. But when it 

comes to fuzzy logic and if we ask the same question, is it 

raining? we will get different answers like it's very much 

raining or it's a little rain or very less so we will also get the 

intermediate possibilities between yes and no [2][3]. The 

computer won't just take the values 0 & 1. The difference 

between the Boolean logic and the fuzzy logic is that in 

Boolean we only use the 0 & 1 or the yes and no values but 

in fuzzy logic we have intermediate values between this yes 

and no or 0 & 1. The conventional logic block that a 

computer understands takes precise input and produces a 

definite output as true or false which is equivalent to a 

human saying yes or no. The fuzzy logic was invented by 

Lotfi Zadeh who observed that unlike computers humans 

have a different range of possibilities between yes and no.  

 
Figure 2: Example of Fuzzy Logic  

 

There can be multiple possibilities such as Certainly Yes, 

Possibly Yes, Cannot Say, Possibly No or Certainly No. We 

just do not say only yes or no, we do have certainty or 

possibilities at times. Fuzzy logic operates on the levels of 

input possibilities to provide a definitive result. The 

implementation of this particular logic is it can be 

implemented in systems with different sizes and 

capabilities such as microcontrollers, large network or 

workstation-based systems also this can be implemented in 

hardware, software, or a hybrid of the two. 
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1.2 Use of Fuzzy Logic 
  
We use the fuzzy logic system for both commercial and 

practical purposes such as it controls machines and also the 

consumer products and if not accurate reasoning it at least 

provides acceptable reasoning so at times when we say 

Certainly Yes or Possibly Yes it's not giving accurate 

reasoning whether the answer is yes or no but at least it 

gives acceptable reasoning where you are saying that it 

might be or it can happen something like that. It helps in 

dealing with the uncertainty in engineering in case we are 

unsure or we don’t know if the answer can be yes or no, we 

can find a middle path that is where it helps in dealing with 

the uncertainty. These are the different reasons for which 

we actually need to use fuzzy logic [4]. 

2. FUNDAMENTALS OF NEURO-FUZZY 
 

 
Figure 3: Soft Computing 

 

Soft Computing is frequently associated with neural 

networks and fuzzy logic systems. Intersections include 

neuro-fuzzy systems and techniques, probabilistic 

approaches to neural networks (especially classification 

networks) and fuzzy logic systems and Bayesian reasoning. 

2.1 Soft Computing 

It is an approach to computing which parallels the 

remarkable ability of the human mind to reason and learn 

in an environment of uncertainty and imprecision. It is 

distinguished by the use of approximate solutions to 

computationally difficult tasks, such as the solution of 

nonparametric complicated problems for which an exact 

solution cannot be obtained in polynomial time.  

 

2.2 Soft Computing Approach 
 

For relatively basic systems, a mathematical model and 

analysis may be performed. More complicated systems in 

biology, medicine, and management systems continue to 

defy ordinary mathematical and analytical approaches. To 

achieve tractability, resilience, and cheap solution cost, soft 

computing deals with imprecision, uncertainty, partial 

truth, and approximation. It extends its application to 

various disciplines of Engineering and science. Typically, 

humans can: 

1. Take decisions 

2. Inference from previous situations experienced 

3. Expertise in an area 

4. Adapt to changing environment 

5. Learn to do better 

6. Social behaviour of collective intelligence 

 

Intelligent control strategies have emerged from the above-

mentioned characteristics of humans. The first two 

qualities gave rise to fuzzy logic; the second, third, and 

fourth led to neural networks; and the fourth, fifth, and 

sixth were utilized in evolutionary algorithms. Fuzzy Logic, 

Neural Networks, and Concepts are essential existing 

optimization aspects in the building of smart control 

systems. 

2.3 Characteristics of Neuro-Fuzzy & Soft 
Computing  

1. Human Expertise  

2. Biologically inspired computing models  

3. New Optimization Techniques  

4. Numerical Computation  

5. New Application domains 

6. Model-free learning  

7. Intensive computation  

8. Fault tolerance  

9. Goal-driven characteristics  

10. Real-world applications 

2.4 Fuzzification 

Fuzzification is the process of converting a sharp input 
value to a fuzzy value using knowledge base information. It 
is the process of allocating a system's numerical input to 
fuzzy sets with varying degrees of membership. This level 
of membership might be anything between [0,1]. If it is 0, 
the value does not belong to the specified fuzzy set, and if it 
is 1, the value belongs entirely to the fuzzy set.  

For example, if the temperature is given to be 25-degree 

Celsius as the crisp input value, then it can be converted 

into a linguistic variable like a pleasant temperature for the 

human body or even hot or cold. 
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2.5 Defuzzification 

It is the inverse of fuzzification, where mapping is done to 

convert crisp results to fuzzy results, while here mapping is 

done to convert fuzzy results to crisp results. This 

technique can provide a non-fuzzy control action that 

depicts the probability distribution of an inferred fuzzy 

control action.  The centre of area technique (COA), also 

known as the centroid method, is the most widely used 

defuzzification method. This function finds the centre of the 

fuzzy set's area and returns the matching crisp value. The 

centre of sums (COS) technique and the mean of maximum 

method are two defuzzification approaches. 

3. FUZZY INFERENCE SYSTEM 
 
The Fuzzy inference system is a prominent computer 

framework that is based on fuzzy set theory, fuzzy if-then 

logic, and fuzzy reasoning. It has been used successfully in 

fields such as automated control, data classification, 

decision analysis, expert systems, and computer 

visualisation. The fuzzy inference system is known by a 

variety of names due to its multidisciplinary character, 

including fuzzy-rule-based system, fuzzy expert system, 

fuzzy model, fuzzy associative memory, fuzzy logic 

controller, and simply fuzzy system. The aim to use 

imprecise data in mathematical models resulted in the 

creation of fuzzy modelling approaches. The tools of fuzzy 

modelling enable the transformation of a linguistic 

description into an algorithm, the output of which is an 

action. Fuzzy logic and fuzzy set theory are the two primary 

ideas used in fuzzy modelling. Variables in a fuzzy model 

may represent fuzzy subsets of the universe. 

 
Figure 4: Fuzzy Inference System 

 

As seen in the Figure, a fuzzy inference system (FIS) is made 

up of four functional components [9]. 

1. Fuzzification: Converts crisp inputs into degrees of 

correspondence with linguistic values. 

2. Knowledge Base: A knowledge base is made up of 

a rule base and a database. A rule base is a 

collection of fuzzy if-then rules. The Membership 

Functions of the fuzzy sets used in the fuzzy rules 

are defined in a database.  

3. Fuzzy Inference Engine: The inference operations 

on the rules are performed by the fuzzy inference 

engine. 

4. Defuzzification: Turns the inference's fuzzy results 

into a crisp output. 

 

Fuzzy inference systems include the Mamdani and Takagi-

Sugeno fuzzy systems. A set of language rules acquired from 

human operators was used to operate a steam engine and 

boiler combination using the Mamdani fuzzy inference 

method for the first time. 

Takagi and Sugeno were the first to introduce the Takagi-

Sugeno fuzzy inference system. The Takagi-Sugeno model 

differs in that each rule has a distinct output, and the overall 

output is determined by a weighted average of the outputs 

of the individual rules. 

3.1 Mamdani Fuzzy System 
 

When implementing the Mamdani rule-based system, 

which is the most well-known fuzzy system, the following 

procedure is followed: 

1. Fuzzify all input values by converting them to fuzzy 

membership functions. 

2. To compute the fuzzy output functions, run all 

applicable rules in the rulebase. 

3. De-fuzzify the fuzzy output routines to get crisp 

output values. 

 

Fuzzy logic operators: Fuzzy logic operates on membership 

values in a manner similar to Boolean logic. For that, 

substitutes for the basic operators AND, OR, and NOT must 

be offered. There are numerous approaches to this. The 

Zadeh operators are a popular replacement: 

TABLE 1  

An Analogy of Boolean & Fuzzy Logic Operators 

BOOLEAN FUZZY 

AND (x, y) MIN (x, y) 

OR (x, y) MAX (x, y) 

NOT (x) 1 - x 
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The fuzzy expressions provide the same result as the 

Boolean expressions for TRUE/1 and FALSE/0. 

IF-THEN rules: IF-THEN rules are used to link input or 

calculated truth values to desired output truth values. 

Example:  

1. IF car_speed is very high THEN car_speed is slowed 

down. 

2. IF car_speed is very slow THEN car_speed is 

increased. 

 

If an output variable appears in several THEN parts, the 

values from the corresponding IF parts are merged using 

the OR operator. 

3.2 Takagi-Sugeno-Kang (TSK) System 
 

TSK is identical to Mamdani, except that the defuzzification 

process is integrated into the fuzzy rule execution. These 

are also modified such that the rule's consequence is 

represented by a polynomial function, which is generally 

constant or linear. 

The major benefit of adopting TSK over Mamdani is that it 

is more computationally efficient and works well with 

other algorithms such as PID control and optimization 

algorithms. It can also ensure the output surface's 

continuity. Mamdani, on the other hand, is more intuitive 

and simpler to deal with. As a result, TSK is typically used 

in conjunction with more advanced techniques, such as 

adaptive neuro fuzzy inference systems. 

4. ARCHITECTURE OF NEURO-FUZZY 

 

Figure 5: Architecture of Neuro-Fuzzy 

 

Fuzzy Logic Architecture consists of four main parts: Rules, 

Fuzzifier, Intelligence, Defuzzifier.  

1. Rules contain all the rules and the if-then 

conditions offered by the experts to control the 

decision-making system. The most current update 

to fuzzy theory gives several useful approaches for 

designing and adjusting fuzzy controllers. Usually 

these developments reduce the number of fuzzy 

rules as well. 

2. In Fuzzifier, fuzzification takes place. In this step, 

the inputs or the crisp numbers are converted into 

fuzzy sets. We can measure the crisp inputs by 

sensors and pass them into the control system for 

further processing. Then the fuzzification splits the 

input signal into five steps like LP, MP, S, MN and 

LN. where,  

a. LP is where X is large positive. 

b. MP is where it's medium positive.  

c. S stands for small. 

d. MN which is medium negative. 

e. LN which is large negative. 

3. Inference Engine which is the intelligence which 

determines the degree of match between fuzzy 

input and the rules. According to the input field it 

will decide the rules that are to be fired combining 

the fired rules form the control actions. Here we 

can see that from rules we go to the intelligence 

and from fuzzifier we have the fuzzy input set 

going into the inference engine now this will 

combine the fired rules and form the control 

actions and from here we will get our fuzzy output 

set so once we get this fuzzy output set we go to the 

defuzzifier where defuzzification takes place. 

4. The Defuzzification technique transforms fuzzy 

sets into crisp values. There are different types of 

techniques available and you need to select the 

best suited one with an expert system so here first 

we have a crisp input going to the fuzzy-fire where 

fuzzification takes place and the crisp input is 

converted into a fuzzy input set. This fuzzy input 

set passes through the inference engine and we 

have a fuzzy output set. This fuzzy output set goes 

through defuzzification where again we get a crisp 

output. 

5. MEMBERSHIP FUNCTION 

 

The membership function is a graph [12] that defines how 

each point in the input space is mapped to membership 

value between 0 & 1. It allows us to quantify linguistic terms 

and represents a fuzzy set graphically [5][7]. A membership 

function for a fuzzy set A on the universe of discourse X is 

defined as μA: X which implies to [0,1]. 
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Figure 6: Membership Function 

 

This quantifies the degree of membership of the element in 

X to the fuzzy set A and the X-AXIS represents the universe 

of discourse whereas the Y-AXIS represents the degrees of 

membership in the [0,1] interval. There can be a multiple 

membership function applicable to falsify a numerical 

value. Simple membership functions are used as the 

complex functions that do not add precision in the output. 

Membership functions characterize fuzziness (i.e., all the 

information in a fuzzy set), whether the elements in fuzzy 

sets are discrete or continuous. Membership functions are 

represented by graphical forms. Rules for defining 

fuzziness are fuzzy too. 

 

Figure 7: Membership Functions for LP, MP, S, MN and LN. 

 

Membership functions for LP, MP, S, MN and LN. For the X 

and y axis we have the membership functions and input 

voltage. The triangular membership function shapes are 

most common among various other membership function 

shapes. The input to the 5 level fuzzifier varies from -10 

volts to +10 volts. Hence the corresponding output also 

changes. Based on these volts the value for the membership 

function will also change as we can see in the graph where 

from -10 to +10 volt there has been a great variation in the 

graph of input voltage and membership function.  

 

6. FUZZY LOGIC VS PROBABILITY 

Fuzzy logic is often confused with probability. In Fuzzy 

Logic, we basically try to capture the essential concept of 

vagueness. We are not taking an exact value like 0 or 1. We 

are considering the vagueness, where there is a certainty or 

a possibility but probability is associated with events and 

not facts and those events will either occur or not occur so 

there's no such concept of vagueness. It's just about events 

which will either take place or not.  Fuzzy logic also 

captures the meaning of partial truth where sometimes we 

say Possibly Yes or Possibly No or Certainly Yes or Certainly 

No. But Probability theory captures partial knowledge; it 

has nothing to do with the truth, it only deals with the 

partial knowledge. Fuzzy logic takes truth degrees as a 

mathematical basis whereas probability is a mathematical 

model of ignorance.  

7. APPLICATION OF FUZZY LOGIC 

It is used in various fields such as automotive systems, 

domestic goods, environment control, etc. and some of the 

common applications in fluid to the use in the aerospace 

field for altitude control of spacecraft and satellites. It also 

controls the speed and traffic in the automotive systems. It 

is also used for decision making support systems and 

personal evaluation in the large company business.  It 

definitely helps you make certain decisions where you 

cannot just go for yes or no. We need certain other 

possibilities in between. In the chemical sector, it also 

manages the pH, drying, and chemical distillation 

processes. Fuzzy logic is also used in natural language 

processing and various intensive applications and artificial 

intelligence. It helps in the national language processing 

where we just do not need a Boolean logic of 0 or 1. We need 

to understand what we are converting and understand the 

sentiments and possibilities as well. It is extensively used in 

modern control systems such as the expert systems. Also 

fuzzy logic mimics how a person would make decisions only 

much faster suppose somebody asks you a question and 

sometimes answer may not be just a yes-or-no you might 

have to take other decisions as well so fuzzy logic things like 

a human being just that it works a little faster so you can 

also use it with Neural Networks. These were some of the 

common applications of fuzzy logic.  

Purchasing a washing machine is as mature a decision as 

someone can make. When you purchase your individual 

washer, you know you've grown. When words like Fuzzy 

Logic are thrown at you, you'd be forgiven for thinking it's 

simply marketing jargon. However, while purchasing a 

washing machine, fuzzy logic is a crucial factor to consider. 
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Why? As a result of the washing machine's failure, you're 

spending a lot of money on it, and it runs on this. 

7.1 Fuzzy Logic in brief 
 
Washing machines that use fuzzy logic are becoming 

extremely popular. Performance, productivity, simplicity, 

and productivity are all advantages of these devices. In fact, 

fuzzy logic is a mathematical notion [8]. It is a mathematical 

system capable of interpreting and transforming analog 

input values into logical variables. In basic terms, Fuzzy 

Logic, in the context of a washing machine, combines 

sensors to evaluate shifting situations within the machine 

and adapts its operation correctly. In essence, sensors in 

the washing machine will supervise the whole washing 

process, conducting activities based on the various water 

input, wash interval, rinse performance, and spin speed.  

7.2 The Factors to be Considered 
 
Not all Fuzzy Logic systems are identical, and the 

parameters sensed in the washing machine are probably 

different between models. Nevertheless, in general, the 

dependent factors are frequently kept in mind: 

1. The mass of the burden 
2. The fabric material 
3. The quantity and water temperature 
4. The quantity of detergent 
5. The filth in the water or rinse must be removed. 
6. The kind and duration of agitation necessary 
7. The spin cycle's speed and length 

 

7.3 Process and Working 
 
Fuzzy Logic is a method that optimizes your washing 

machine's performance based on changeable parameters. 

What does this mean in the actual world? A Fuzzy Logic 

machine will utilize sensors to assess the level of soiling on 

your garments. 

This is accomplished by the use of optical sensors that 

measure the clarity of the water after the tub has been 

filled. More dirt or grease will decrease the clarity of the 

water. This allows the machine to compute saturation, 

which determines how much detergent and water are 

needed for a clean wash. It will also decide the time and 

direction of spin, among other things, to ensure that your 

clothing is as efficient as possible. 

7.4 Neuro Fuzzy Control 
 
In some washing machines, a complicated theory known as 

Neuro Fuzzy Control is now at effect. This model has 

improved sensors and can also detect the fabric type of the 

garments in the load of washing. The washing is then 

controlled based on the fabric as well as other factors. This 

extends the life of your clothing and allows your washing 

machine to operate at peak efficiency while using only the 

necessary energy. 

Since Fuzzy Logic utilizes a good degree of variable-based 

optimisation, your clothing is tossed and turned by the 

most appropriate settings. This ensures your garments will 

have less depreciation. 

8. ADVANTAGES AND DISADVANTAGES 

 

8.1 Advantages of Fuzzy Logic System 

1. The structure of this logic system is very easy and 

understandable. 

2. Fuzzy logic is widely used for commercial and 

practical purposes. 

3. It helps to control machines and consumer 

products. 

4. It helps to deal with uncertainty in engineering. 

5. Motley robust as no precise inputs required.  

6. If the feedback sensor stops working, one can 

program it into the situation. 

7. It can be easily modified to improve or alter the 

system performance. 

8. Inexpensive sensors can be employed, lowering 

the total system cost and complexity. 

 

8.2 Disadvantages of Fuzzy Logic System 

1. Fuzzy logic is not always accurate. 

2. It cannot recognize machine learning as well as 

neural network type patterns. 

3. Validation and verification of a fuzzy knowledge-

based system necessitate significant hardware 

testing. 

4. Setting the exact fuzzy rules and membership 

functions is a difficult task. 

5. At times the fuzzy logic is confused with 

probability theory. 
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