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Abstract 

This paper gives introduction to fuzzy logic and its various applications in different fields of science and arts.  Nowadays 

fuzzy logic is a popular branch of mathematics in which lots of research is taking place. Researchers are converting 

crisp phenomena to fuzzy.  Fuzzy Logic works on "if ....Then....." rule .In a classical logic system an object either is or is 

not a member of a set. Fuzzy Logic give the idea that members are not restricted to be true or false definitions .A member 

in a fuzzy set have degree of membership to a set. FL has provided methods and algorithms where uncertain, vague or 

ambiguous descriptions or reasoning are required. To give a glance of wide range of its applications include 

contributions in the field of artificial intelligence, economics, pattern recognition (fuzzy clustering), medicine (in the 

process of diagnosis of disease), ecology, psychology and cognitive science , ethnology(to classify and qualify principal 

postures of animals under observations), theory of information, neural networks and natural language. 

 

Introduction 

The idea behind fuzzy logic have been around since 1965 when they were introduced by Lofti A. Zadeh . FL 

has not been used widely since 1965 .From last 20 years it has gained popularity. In classical logic system an 

object either is or is not a member of a set. FL gives the idea that members are not restricted to be true or false 

definitions. A member in a fuzzy set has a degree of membership to a set. For example, the set of temperature 

values can be classified using a crisp set as either not or not hot. This would require some cut-off value where 

any temperature less than that value is "not hot" and any temperature greater than that cut-off value is "hot". If 

the cut-off point is at 50° C then this set does not differentiate between a temperature that is 20° C and a 

temperature of 49° C. They are both "not hot". If a fuzzy set were to be used in this situation each membership 

of the set or each temperature would have degree of membership to the set of "hotness". The function that 

determines this degree is called fuzzy membership function. Number of different membership functions can 

be used for this purpose. The most common are triangular, Gaussian and sigmoid. 

 

Why Fuzzy is needed? 

In 1920's logicians first broached its key concept "Everything is a matter of degree". Fuzzy Logic manipulates 

such vague concepts as "warm" or "still dirty" which helps engineers to build air conditioners, washing 

machines and many other devices that judge how fast they should operate or shift from one setting to another 

even when the criteria for making those changes are hard to define. 

No known mathematical model can back up a truck and trailer rig from a parking lot to a loading dock when 

the vehicle starts from random spot .Both humans and fuzzy systems can perform this nonlinear guidance task 

by using practical but imprecise rules such as "If the trailer turns a little to the left, then turn it a little to the 

right". "Fuzzy systems often glean their rules from expert s. When no expert gives the rules adaptive fuzzy 

systems learn the rule by observing how people regulate real systems. 

 

How FL systems work? 

Fuzzy Logic is based on rules of the form "if...the...." that convert inputs to outputs, one fuzzy set into another 

fuzzy set. To build a fuzzy system an engineer might begin with a set of fuzzy rules from an expert. An 

engineer might define the degree of membership in various fuzzy input and output sets of curves. The relation 

between the input and output sets could then be plotted. Given the rule "If the air feels cool, then set the motor 
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to slow" the input should be listed along one axis of a graph and the output (motor speed) along a second axis. 

The product of these fuzzy sets forms a fuzzy patch, an area that represents the set of all associations that the 

rule forms between those inputs and outputs. The size of the patch reflects the rule's vagueness or uncertainty. 

The more precise the fuzzy set the smaller it become. The rule of a fuzzy system defines a set of overlapping 

patches that relate a full range of inputs to a full range of outputs. In that sense the fuzzy system approximates 

some mathematical function or equation of cause and effect. 

 

Applications of Fuzzy Logic 

FL has provided methods and algorithms where uncertain, vague or ambiguous descriptions or reasoning are 

required. To give a glance of wide range of its applications include contributions in the field of artificial 

intelligence, economics, Computers, Control Systems, Engineering, Data Mining, Image  Edge Detecting, 

Image Processing, Chemistry, Physics, Bioinformatics,   Management, Decision Making, Geology, 

Geography, pattern recognition (fuzzy clustering), medicine (in the process of diagnosis of disease), ecology, 

psychology and cognitive science, ethnology(to classify and qualify principal postures of animals under 

observations), theory of information, neural networks and natural language. 

1. Computers 

Computers do not have human brains so they cannot reason as a human brain does. Computers "reason" when 

they manipulate precise facts that have been reduced to strings of zeros and ones and statements that are either 

true or false. The human brain can reason with vague assertions or claims that involve uncertainties or value 

judgments "The air is cool" or "That speed is fast" or "She is young" .Unlike computers humans have common 

sense that enables them to reasoning in a world where things are not only true or false, But partially true. FL is 

a branch of machine intelligence that helps computers point gray, commonsense picture of an uncertain world. 

Due to modern information technology powerful computers are produced. It is possible today to collect, store, 

transfer and compile huge amounts of data at very low costs. Thus an ever-increasing number of companies 

and scientific and governmental institutions can afford to build up large archives of documents and other data 

like numbers, tables, images and sounds. Exploiting the information contained in these archives in an 

intelligent way turns out to be fairly difficult. There is a lack of tools that can transfer their data into useful 

information and knowledge. Thus new area of research has emerged which has been named as "knowledge 

discovery in data base (KDD) or Data Mining. 

Fuzzy set theory produces excellent means to model the "fuzzy" boundaries of linguistics terms by 

introducing gradual memberships.  In contrast to classical set theory in which an object or a case either 

belongs to a set or not, fuzzy set theory makes it possible that an object or a case belongs to a set only to a 

certain degree. 

Soft Computing 

Soft computing is collection of techniques which uses the human mind as a model and aims at formalizing our 

cognitive processers. These methods are meant to operate in an environment that is subject to uncertainty and 

imprecision. Soft computing replaces the traditional time -consuming and complex techniques of hard 

computing with more intelligent processing technique. 

2. Image Edge Detection 

The contemporary fuzzy logic, a key concept of artificial intelligence helps to implement the fuzzy relative 

pixel value algorithms and helps to find and highlight all the edges associated with an image by checking the 

relative pixel values and thus provides an algorithm to abridge the concept of digital image processing and 

artificial intelligence. Exhaustive scanning of an image using windowing technique takes place which is 

subjected to a set of fuzzy conditions for the comparison of pixel values with adjacent pixels to check the 

pixel magnitude gradient in window. After the testing of fuzzy conditions the appropriate values are allocated 

to the pixels in the window under testing to provide an image highlighted with all the associated edges. 
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Image processing 

1. Fuzzy color credibility approach is used to color image filtering. With this study, Fuzzy modeling of the 

concept of color credibility was applied to color image filtering on the basis of the perceptual notion of color 

resemblance the colors are modeled as fuzzy sets in the CIELAB color space. The principle of filtering is to 

select at the filter output the color that is most credible with respect to the rest of colors within the filtering 

window. Although this approach does not make any assumption on the desired filter type, the result is similar 

to a vector median type filter. 2. Vision intelligence for forming using fuzzy logic optimized genetic algorithm 

and artificial neural networks. 3. Fuzzy logic was used to classify crops and weeds. A genetic algorithm (GA) 

was used to optimize and tune the fuzzy logic membership rules. Field study confirmed that the method 

developed was able to accurately classify crop and weeds through the entire growing period. 

4. Fuzzy logic is used in Object recognition in robot football by using one dimensional image. Main problem 

in this task is to determine the pressure and location of objects from the robot’s point of view. 

Fuzzy set theory is incorporated to handle uncertainties arising from deficiencies of information available. The 

fuzzy logic provides a mathematical framework for representation and processing of expert knowledge. The 

concept of if-then rules plays an important role in approximation of the values like crossovers point. The 

fuzzy if-then rules are a sophisticated bridge between human knowledge on one side and the numerical 

framework of computers on the other side. It can be used to archive a higher level of image quality 

considering the subjective perception and opinion of human observation. Fuzzy theory can be used to 

overcome the drawbacks of spatial domain methods like thresholding and frequency domain methods like 

Gaussian Law pass filter to improve the contrast of an image. In future nuro-fuzzy techniques can be used to 

enhance the quality of image. The uncertainties within the image processing tasks are not always due to 

randomness but due to vagueness and ambiguity. Fuzzy techniques enable us to manage these problems 

effectively. 

3. Medicine 

FL has its application in medicine. When a doctor diagnosis diseases he has to face several levels of 

uncertainty and imprecision. A single disease may manifest itself quite differently, depending on the patient 

and with different intensities. One symptom may correspond to many diseases. One patient may have many 

diseases and all symptoms taken together can correspond to one of a disease. We know that health and disease 

are mutually exclusive and complement each other. To deal with imprecision and uncertainty, we use Fuzzy 

Logic. Fuzzy logic offers partial truth values between true and false. Classical logic gives two values to a 

statement true-false, black-white, 1-0. But in real things are not either black or white. So use of fuzzy logic is 

more appropriate. We consider a simple medical example. Consider the statement "you are healthy" Is it true 

if you have one broken nail only? Is it false if you have a cancer? Everybody is healthy to some degree h and 

ill to some degree i. If you are totally healthy then of course h = 1, i = 0. Generally we all have some minor 

health problems and so h < 1, and I > 0. In other situations h = 0 and i = 1 if you are not healthy at all (you are 

dead). In case of broken nail we have h = 0.9999 and i = 0.0001 and if we have cancer h = 0.2 and i = 0.8. We 

observe that uncertainty is consider to be essential in science and fuzzy logic deals with it by providing a way 

to model this uncertainty using natural language. Fuzzy logic is qualitative computational approach. 

Uncertainty is inherent in fields of medicine so fuzzy logic is use full to deal with uncertainty.  

Complexities of medical practice make traditional quantitative approach of analysis inappropriate. In medicine 

the lack of information and its imprecision are common factors. There are many uncertainties in field of 

medicine. 

(i) Information about patient. 

(ii) Medical history of patient provided by his/her which is subjective and imprecise. 

(iii) Physical examination. 

(iv) Results of laboratory and diagnostic tests which are also subjective to some mistake and improper 

behavior of patient while examination. 

(v) Patient may include simulated exaggerated understated symptom. 
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Fuzzy logic helps to  

(i) Predict the response to treatment with citatopram in alcohol dependence. 

(ii) To analyze diabetic neuropathy and to detect early diabetic retinopathy. 

(iii) To determine appropriate lithium dosage. 

(iv) To calculate volumes of brain tissue from magnetic resonance imaging (MRI) and to analyze functional 

MRI data. 

(v) To improve decision making in radiation therapy. 

4. Bioinformatics 

Bioinformatics derives knowledge from computer analysis of biological data. This data can consist of 

information started in genetic code and also experimental results from various sources, patient statistics and 

scientific literature. Bioinformatics combines computer science , biology ,physics and chemistry principles 

and tools to analysis and modeling of large sets of biological data ,the managing of chronic diseases ,the study 

of molecular computing, cloning and development of training tools of bio-computing systems. Bioinformatics 

is a very active and attractive field of research with high impact in new technological development. Molecular 

biologists are currently engaged in some of the most impressive data collection projects. Recent genome-

sequencing projects are generating on enormous amount of data related to the function and structure of 

biological molecules and sequences. Other complementary high-Through put technologies,, such as PNA 

microarrays are rapidly generating large amounts of data that are too over whelming for conventional 

approaches to biological data analysis. Handling this massive amount of data in many cases imprecise and 

fuzzy, require powerful integrated bioinformatics system and new technologies. 

Fuzzy logic and fuzzy technologies are now frequently used in bioinformatics. Examples of applications are 

given below 

(i) Fuzzy logic is used to increase the flexibility of Protein Motifs.  

(ii) Fuzzy logic is used to study difference between polynucleotide. 

(iii) Fuzzy logic is used to analyze experimental expression data using fuzzy adaptive resonance theory. 

(iv) Fuzzy logic is used in DNA sequencing using genetic fuzzy systems. 

Washing Machine 

Fuzzy Logic is a concept which helps computers in making decisions in a way which resembles human 

behavior. It helps industry in increasing productivity, creates the opportunity to make production more 

convenient and most importantly it helps industries in economical terms. The first fuzzy logic based control 

experiment was conducted by Mamdani in 1974 who designed the fuzzy logic for steam engine with this 

experiment Mamdani showed how easy it is for a computer to process linguistic statements. In 1980’s fuzzy 

logic based control system becomes common in vacuum cleaners. Nowadays fuzzy logic has found its 

applications in electronic control systems, automotive industries breaking systems and home electronics. 

Home appliances are being upgraded using fuzzy logic. Tiryaki and Kazan’s dish washer and Alhanjouri and 

Alhaddad’s optimize wash time of washing machine are based on fuzzy logic. 

Alhanjouri and Alhaddad’s washing machine takes dirt type and degree of dirtiness as input while wash time 

is the only output of system.Agarwal’s controlling the washing time using fuzzy logic control type of dirt, 

dirtiness of clothes were selected as input. 

Chemical engineering  

Chemical engineering is the branch of engineering that deals with the application of physical science (e.g., 

chemistry and physics), and life sciences (e.g., biology, microbiology and biochemistry) with mathematics, to 

the process of converting raw materials or chemicals into more useful or valuable forms. fuzzy set theory and 

fuzzy logic can be used to develop knowledge-based systems in chemical engineering. Chemical engineering 

has employed fuzzy logic in the detection of chemical agents as well as gas recognition. It has also been 
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applied to processes control, batch distillation column, phosphoric acid production, nuclear research, 

separation process, controlling the power output of a nuclear reactor and kinetics. 

3.1. Piping risk assessment 

Safety analysis 

Furnace control 

Modeling of the Fluidized Catalytic Cracking Unit of a Petrochemical Refinery 

Classification of product qualitative, Separation Process 

Complex industrial processes are difficult to control because of inadequate knowledge of their behavior. This 

lack of knowledge is principally a lack of structural detail and it is this which prevents the use of conventional 

control theory. However, these processes are often controlled with great skill by a human operator who makes 

decisions on the basis of inexact and linguistic measures of the process state. Fuzzy logic is considered as a 

superset of standard logic which is extended to deal with the partial truth. It has become one of the most 

successful technologies for developing complex control systems. Fuzzy logic is a design methodology that can 

be used to solve real life problems. Chemical engineering has employed fuzzy logic in the piping risk 

assessment, safety analysis, batch crystallizer, combustion process, Food Produce, fluidized catalytic cracking 

Unit and separation Process. It has also been applied to process control (e. g. PH controller, furnace …) and 

kinetics. Based on the results of this literature review, it found that in these filed high potential is exist for 

research.  

The main application of FL seemto contered around systems science and decision making. FL is a useful tool 

to implement key concepts such as control regulation ,adaptation, communication and organization. 

In consumer product market aircraft control devices cameras washing machines and other consumer goods are 

produced using FL. The Japanesse Companies have poured millions of dollars into research of fuzzy logic 

systems through grants and centers like the laboratory for International Fuzzy Engineering in YOKOHAMA. 

.  
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