
 

 

     Fuzzy Logic 

The word fuzzy refers to things which are not clear or are vague. Any event, process, or function that is changing 

continuously cannot always be defined as either true or false, which means that we need to define such activities in 

a Fuzzy manner. 

 

What is Fuzzy Logic? 
The term fuzzy refers to things which are not clear or are vague. In the real world many times we encounter a 

situation when we can’t determine whether the state is true or false, their fuzzy logic provides a very valuable 

flexibility for reasoning. In this way, we can consider the inaccuracies and uncertainties of any situation. 

 

In Boolean system truth value, 1.0 represents absolute truth value and 0.0 represents absolute false value. But in the 

fuzzy system, there is no logic for absolute truth and absolute false value. But in fuzzy logic, there is intermediate 

value too present which is partially true and partially false. 

 

 

In other words, we can say that fuzzy logic is not logic that is fuzzy, but logic that is used to describe fuzziness. There 

can be numerous other examples like this with the help of which we can understand the concept of fuzzy logic. 

Fuzzy Logic was introduced in 1965 by Lofti A. Zadeh in his research paper “Fuzzy Sets”. He is considered as the 

father of Fuzzy Logic. 

 

Fuzzy Logic - Classical Set Theory 

A set is an unordered collection of different elements. It can be written explicitly by listing its elements using the set 

bracket. If the order of the elements is changed or any element of a set is repeated, it does not make any changes in 

the set. 

 

Example 

• A set of all positive integers. 

• A set of all the planets in the solar system. 

• A set of all the states in India. 

• A set of all the lowercase letters of the alphabet. 

 

Mathematical Representation of a Set 

Sets can be represented in two ways − Roster or Tabular Form 

In this form, a set is represented by listing all the elements comprising it. The elements are enclosed within braces 

and separated by commas.  

 

 



 

 

Following are the examples of set in Roster or Tabular Form − 

• Set of vowels in English alphabet, A = {a,e,i,o,u} 

• Set of odd numbers less than 10, B = {1,3,5,7,9} 

 

Set Builder  otation 

In this form, the set is defined by specifying a property that elements of the set have in common. The set is 

described as A = {x:p(x)} 

 

Example 1 − The set {a,e,i,o,u} is wri8en as A = {x:x is a vowel in English alphabet} 

Example 2 − The set {1,3,5,7,9} is wri8en as B = {x:1 ≤ x < 10 and (x%2) ≠ 0} 

 

If an element x is a member of any set S, it is denoted by x∈S and if an element y is not a member of set S, it is 

denoted by y∉S. 

Example − If S = {1,1.2,1.7,2},1 ∈ S but 1.5 ∉ S 

 

Cardinality of a Set 

Cardinality of a set S, denoted by |S||S|, is the number of elements of the set. The number is also referred as the 

cardinal number. If a set has an infinite number of elements, its cardinality is ∞ 

E"ample − |{1,4,3,5}| = 4,|{1,2,3,4,5,…}| = ∞ 

 

If there are two sets X and Y, |X| = |Y| denotes two sets X and Y having same cardinality. It occurs when the number 

of elements in X is exactly equal to the number of elements in Y. In this case, there exists a bijective function ‘f’ from 

X to Y. 

 

|X| ≤ |Y| denotes that set X’s cardinality is less than or equal to set Y’s cardinality. It occurs when the number of 

elements in X is less than or equal to that of Y. Here, there exists an injective function ‘f’ from X to Y. 

 

|X| < |Y| denotes that set X’s cardinality is less than set Y’s cardinality. It occurs when the number of elements in X 

is less than that of Y. Here, the function ‘f’ from X to Y is injective function but not bijective. 

 

If |X| ≤ |Y| and |X| ≤ |Y| then |X| = |Y|. The sets X and Y are commonly referred as equivalent sets. 

 

Types of Sets 

Sets can be classified into many types; some of which are finite, infinite, subset, universal, proper, singleton set, etc. 

 

Finite Set 

A set which contains a definite number of elements is called a finite set. 

E"ample − S = {x|x ∈ N and 70 > x > 50} 

 

Infinite Set 

A set which contains infinite number of elements is called an infinite set. 

E"ample − S = {x|x ∈ N and x > 10} 

 

Subset 

A set X is a subset of set Y (Written as X ⊆ Y) if every element of X is an element of set Y. 

E"ample 1 − Let, X = {1,2,3,4,5,6} and Y = {1,2}. Here set Y is a subset of set X as all the elements of set Y is in set X. 

Hence, we can write Y⊆X. 



 

 

E"ample ( − Let, X = {1,2,3} and Y = {1,2,3}. Here set Y is a subset (not a proper subset) of set X as all the elements of 

set Y is in set X. Hence, we can write Y⊆X. 

 

)roper Subset 

The term “proper subset” can be defined as “subset of but not equal to”. A Set X is a proper subset of set Y (Written 

as X ⊂ Y) if every element of X is an element of set Y and |X| < |Y|. 

E"ample − Let, X = {1,2,3,4,5,6} and Y = {1,2}. Here set Y ⊂ X, since all elements in Y are contained in X too and X has 

at least one element which is more than set Y. 

 

Universal Set 

It is a collection of all elements in a particular context or application. All the sets in that context or application are 

essentially subsets of this universal set. Universal sets are represented as U. 

E"ample − We may define U as the set of all animals on earth. In this case, a set of all mammals is a subset of U, a set 

of all fishes is a subset of U, a set of all insects is a subset of U, and so on. 

 

Empty Set or  ull Set 

An empty set contains no elements. It is denoted by Φ. As the number of elements in an empty set is finite, empty 

set is a finite set. The cardinality of empty set or null set is zero. 

E"ample – S = {x|x ∈ N and 7 < x < 8} = Φ 

 

Singleton Set or Unit Set 

A Singleton set or Unit set contains only one element. A singleton set is denoted by {s}. 

E"ample − S = {x|x ∈ N, 7 < x < 9} = {8} 

 

Equal Set 

If two sets contain the same elements, they are said to be equal. 

E"ample − If A = {1,2,6} and B = {6,1,2}, they are equal as every element of set A is an element of set B and every 

element of set B is an element of set A. 

 

Equivalent Set 

If the cardinalities of two sets are same, they are called equivalent sets. 

E"ample − If A = {1,2,6} and B = {16,17,22}, they are equivalent as cardinality of A is equal to the cardinality of B. i.e. 

|A| = |B| = 3 

 

+verlapping Set 

Two sets that have at least one common element are called overlapping sets. In case of overlapping sets − 

 

n,-∪∪∪∪B./n,-.0n,B.1n,-2B. 

n,-∪∪∪∪B./n,-1B.0n,B1-.0n,-2B. 

n,-./n,-1B.0n,-2B. 

n,B./n,B1-.0n,-2B. 

E"ample − Let, A = {1,2,6} and B = {6,12,42}. There is a common element ‘6’, hence these sets are overlapping sets. 

 

3is4oint Set 

Two sets A and B are called disjoint sets if they do not have even one element in common. Therefore, disjoint sets 

have the following properties − 

n,-2B./5n,-2B./5 



 

 

n,-∪∪∪∪B./n,-.0n,B. 

E"ample − Let, A = {1,2,6} and B = {7,9,14}, there is not a single common element, hence these sets are overlapping 

sets. 

 

+perations on Classical Sets 

Set Operations include Set Union, Set Intersection, Set Difference, Complement o

Union 

The union of sets A and B (denoted by A 

Hence, A ∪ B = {x|x ∈ A OR x ∈ B}. 

E"ample − If A = {10,11,12,13} and B = {13,14,15}, then A 

only once. 

 

 

Intersection 

The intersection of sets A and B (denoted by A 

{x|x ∈ A AND x ∈ B}. 

 

3ifference6 Relative Complement 

The set difference of sets A and B (denoted by A

B = {x|x ∈ A AND x ∉ B}. 

E"ample − If A = {10,11,12,13} and B = {13,14,15}, then (A − B) = {10,11,12} and (B − A) = {14,15}. 

Here, we can see (A − B) ≠ (B − A) 

Complement of a Set 

The complement of a set A (denoted by A

More specifically, A′ = (U−A) where U is a universal set which contains all objects.

E"ample − If A = {x|x belongs to set of add integers} then A

 

Cartesian )roduct 6 Cross )roduct 

The Cartesian product of n number of sets A1,A2,…An denoted as A1 × A2...× An can be defined as all possible 

ordered pairs (x1,x2,…xn) where x1 ∈ A1,x2 

E"ample − If we take two sets A = {a,b} and B = {1,2},

 

The Cartesian product of A and B is written as 

And, the Cartesian product of B and A is written as 

 

− Let, A = {1,2,6} and B = {7,9,14}, there is not a single common element, hence these sets are overlapping 

Set Operations include Set Union, Set Intersection, Set Difference, Complement of Set, and Cartesian Product.

The union of sets A and B (denoted by A ∪ BA ∪ B) is the set of elements which are in A, in B, or in both A and B. 

− If A = {10,11,12,13} and B = {13,14,15}, then A ∪ B = {10,11,12,13,14,15} – The common element occurs 

 

The intersection of sets A and B (denoted by A ∩ B) is the set of elements which are in both A and B. Hence, A ∩ B = 

ence of sets A and B (denoted by A–B) is the set of elements which are only in A but not in B. Hence, A 

− If A = {10,11,12,13} and B = {13,14,15}, then (A − B) = {10,11,12} and (B − A) = {14,15}. 

 

The complement of a set A (denoted by A′) is the set of elements which are not in set A. Hence, A′ = {x|x 

−A) where U is a universal set which contains all objects. 

longs to set of add integers} then A′ = {y|y does not belong to set of odd integers}

The Cartesian product of n number of sets A1,A2,…An denoted as A1 × A2...× An can be defined as all possible 

A1,x2 ∈ A2,…xn ∈ An 

− If we take two sets A = {a,b} and B = {1,2}, 

The Cartesian product of A and B is written as − A × B = {(a,1),(a,2),(b,1),(b,2)} 

And, the Cartesian product of B and A is written as − B × A = {(1,a),(1,b),(2,a),(2,b)} 

− Let, A = {1,2,6} and B = {7,9,14}, there is not a single common element, hence these sets are overlapping 

f Set, and Cartesian Product. 

) is the set of elements which are in A, in B, or in both A and B. 

The common element occurs 

∩ B) is the set of elements which are in both A and B. Hence, A ∩ B = 

B) is the set of elements which are only in A but not in B. Hence, A − 

− If A = {10,11,12,13} and B = {13,14,15}, then (A − B) = {10,11,12} and (B − A) = {14,15}.  

 

′) is the set of elements which are not in set A. Hence, A′ = {x|x ∉ A}. 

′ = {y|y does not belong to set of odd integers} 

The Cartesian product of n number of sets A1,A2,…An denoted as A1 × A2...× An can be defined as all possible 



 

 

)roperties of Classical Sets 

Properties on sets play an important role for obtaining the solution. Following are the different properties of classical 

sets − 

Commutative )roperty 

Having two sets - and B, this property states − 

 -∪∪∪∪B/B∪∪∪∪- 

 -2B/B2- 

 

-ssociative )roperty 

Having three sets -, B and C, this property states − 

 -∪∪∪∪,B∪∪∪∪C./,-∪∪∪∪B.∪∪∪∪C 

 -2,B2C./,-2B.2C 

 

3istributive )roperty 

Having three sets -, B and C, this property states − 

 -∪∪∪∪,B2C./,-∪∪∪∪B.2,-∪∪∪∪C. 

 -2,B∪∪∪∪C./,-2B.∪∪∪∪,-2C. 

 

Idempotency )roperty 

For any set -, this property states − 

 -∪∪∪∪-/- 

 -2-/- 

 

Identity )roperty 

For set - and universal set 7, this property states − 

 -∪∪∪∪8/- 

 -27/- 

 -28/8 

 -∪∪∪∪7/7 

 

Transitive )roperty 

Having three sets -, B and C, the property states − If -⊆⊆⊆⊆B⊆⊆⊆⊆C9 then -⊆⊆⊆⊆C-⊆⊆⊆⊆C 

Involution )roperty  

For any set -, this property states −    -::/- 

3e Morgan’s Law 

It is a very important law and supports in proving tautologies and contradiction. This law states − 

-------   --   -- 

-2B / -∪∪∪∪B 

------    --   -- 

-∪∪∪∪B / -2B 

 

Fuzzy Logic - Set Theory 

Fuzzy sets can be considered as an extension and gross oversimplification of classical sets. It can be best understood 

in the context of set membership. Basically it allows partial membership which means that it contain elements that 

have varying degrees of membership in the set. From this, we can understand the difference between classical set 

and fuzzy set. Classical set contains elements that satisfy precise properties of membership while fuzzy set contains 

elements that satisfy imprecise properties of membership. 



 

 

 

Mathematical Concept 

A fuzzy set -= in the universe of information U can be defined as a set of ordered pairs and it can be represented 

mathematically as −  A˜={(y,μA˜(y))|y∈∈∈∈U} 
 
Here μA˜(y) = degree of membership of y in \widetilde{A}, assumes values in the range from 0 to 1,  

i.e., μA˜(y)∈∈∈∈[0,1] 
 
Representation of fuzzy set 

Let us now consider two cases of universe of information and understand how a fuzzy set can be represented. 

 

Case 1 

When universe of information U is discrete and finite − 

 

 
 

Case ( 

When universe of information U is continuous and infinite – 

 
 

In the above representation, the summation symbol represents the collection of each element. 

+perations on Fuzzy Sets 

Having two fuzzy sets -= and B=, the universe of information U and an element y of the universe, the following 

relations express the union, intersection and complement operation on fuzzy sets. 

 

Union6Fuzzy ‘+R’ 

Let us consider the following representation to understand how the Union/Fuzzy ‘OR’ relation works − 

 

Here ∨ represents the ‘max’ operaZon. 

 



 

 

 

Intersection6Fuzzy ‘- 3’ 

Let us consider the following representation to understand how the Intersection/Fuzzy ‘AND’ relation works − 

 

 

Here ∧ represents the ‘min’ operaZon. 

 

 

Complement6Fuzzy ‘ +T’ 

Let us consider the following representation to understand how the Complement6Fuzzy ‘ +T’ relation works − 

 

 

 

)roperties of Fuzzy Sets 

Let us discuss the different properties of fuzzy sets. 

 

Commutative )roperty 

Having two fuzzy sets -=and B=, this property states – 

     

 

-ssociative )roperty 

Having three fuzzy sets A˜, B˜ and C˜, this property states – 



 

 

   

 

3istributive )roperty 

Having three fuzzy sets -=9 B= and C=, this property states – 

    

 

Idempotency )roperty 

For any fuzzy set -=, this property states − 

  

 

Identity )roperty 

For fuzzy set -= and universal set U, this property states – 

    

 

Transitive )roperty 

Having three fuzzy sets -=, B= and C=, this property states − 

 

 

Involution )roperty 

For any fuzzy set -=, this property states –  

 

 

3e Morgan’s Law 

This law plays a crucial role in proving tautologies and contradiction. This law states − 

   

 

Fuzzy Logic vs? )robability 

Fuzzy Logic )robability 

Fuzzy: Tom's degree of membership within the set 

of old people is 0.90. 

Probability: There is a 90% chance that Tom is old. 

Fuzzy logic takes truth degrees as a mathematical 

basis on the model of the vagueness phenomenon. 

Probability is a mathematical model of ignorance. 

 

 

 

 

 



 

 

Crisp vs? Fuzzy 

Crisp Fuzzy 

It has strict boundary T or F Fuzzy boundary with a degree of membership 

Some crisp time set can be fuzzy It can't be crisp 

True/False {0,1} Membership values on [0,1] 

In Crisp logic law of Excluded Middle and Non- 

Contradiction may or may not hold 

In the fuzzy logic law of Excluded Middle and Non- 

Contradiction hold 

 

Classical Set vs? Fuzzy set Theory 

Classical Set Fuzzy Set Theory 

Classes of objects with sharp boundaries. Classes of objects do not have sharp boundaries. 

A classical set is defined by crisp boundaries, i.e., there is 

clarity about the location of the set boundaries. 

A fuzzy set always has ambiguous 

boundaries, i.e., there may be uncertainty 

about the location of the set boundaries. 

Widely used in digital system design Used only in fuzzy controllers. 

 

Fuzzy Logic - Membership Function 

Fuzzy logic is not logic that is fuzzy but logic that is used to describe fuzziness. This fuzziness is best characterized by 

its membership function. In other words, we can say that membership function represents the degree of truth in 

fuzzy logic. 

 

 

Following are a few important points relating to the membership function − 

• Membership functions were first introduced in 1965 by Lofti A. Zadeh in his first research paper “fuzzy sets”. 

• Membership functions characterize fuzziness (i.e., all the information in fuzzy set), whether the elements in 

fuzzy sets are discrete or continuous. 

• Membership functions can be defined as a technique to solve practical problems by experience rather than 

knowledge. 

• Membership functions are represented by graphical forms. 

• Rules for defining fuzziness are fuzzy too. 

 

 



 

 

Mathematical  otation 

We have already studied that a fuzzy set Ã in the universe of information U can be defined as a set of ordered pairs 

and it can be represented mathematically as − 

       

Here μ-=,A. = membership function of -=; this assumes values in the range from 0 to 1, i.e., μ-=,A.∈∈∈∈BC91D. 

 The membership function μ-=,A. maps U to the membership space M. 

The dot ,A. in the membership function described above, represents the element in a fuzzy set; whether it is discrete 

or continuous. 

 

Features of Membership Functions 

We will now discuss the different features of Membership Functions. 

Core 

For any fuzzy set -E, the core of a membership function is that region of universe that is characterize by full 

membership in the set. Hence, core consists of all those elements y of the universe of information such that, 

μ -E ,y./1 

 

Support 

For any fuzzy set -E, the support of a membership function is the region of universe that is characterize by a 

nonzero membership in the set. Hence core consists of all those elements y of the universe of information such that, 

 
 

Boundary 

For any fuzzy set -E, the boundary of a membership function is the region of universe that is characterized by a 

nonzero but incomplete membership in the set. Hence, core consists of all those elements y of the universe of 

information such that,  

 

 

 

Fuzzification 

It may be defined as the process of transforming a crisp set to a fuzzy set or a fuzzy set to fuzzier set. Basically, this 

operation translates accurate crisp input values into linguistic variables. 

 



 

 

Following are the two important methods of fuzzification − 

Support Fuzzification,s-fuzzification. Method 

In this method, the fuzzified set can be expressed with the help of the following relation – 

 

Here the fuzzy set F,"i. is called as kernel of fuzzification. This method is implemented by keeping μi constant 

and "i being transformed to a fuzzy set . 

 

Grade Fuzzification ,g-fuzzification. Method 

It is quite similar to the above method but the main difference is that it kept "i constant and μi is expressed as a 

fuzzy set. 

 

3efuzzification 

It may be defined as the process of reducing a fuzzy set into a crisp set or to convert a fuzzy member into a crisp 

member. 

Fuzzification process involves conversion from crisp quantities to fuzzy quantities. In a number of engineering 

applications, it is necessary to defuzzify the result or rather “fuzzy result” so that it must be converted to crisp result. 

Mathematically, the process of Defuzzification is also called “rounding it off”. 

 

Different Defuzzification Methods  

The following are the known methods of defuzzification.   

• Center of Sums Method (COS) 

• Center of gravity (COG) / Centroid of Area (COA) Method 

• Center of Area / Bisector of Area Method (BOA) 

• Weighted Average Method 

• Maxima Methods 

o First of Maxima Method (FOM)  

o Last of Maxima Method (LOM)  

o Mean of Maxima Method (MOM) 

 

Center of Sums ,C+S. Method  

This is the most commonly used defuzzification technique. In this method, the overlapping area is counted twice. 

The defuzzified value  is defined as : = 

 

 Here, n is the number of fuzzy sets, N is the number of fuzzy variables,  is the membership function for 

the k-th fuzzy set. 

 



 

 

 

Center of gravity ,C+G. 6 Centroid of -rea ,C+-. Method  

This method provides a crisp value based on the center of gravity of the fuzzy set. The total area of the membership 

function distribution used to represent the combined control action is divided into a number of sub-areas. The area 

and the center of gravity or centroid of each sub-area is calculated and then the summation of all these sub-areas is 

taken to find the defuzzified value for a discrete fuzzy set. 

 

For discrete membership function, the defuzzified value denoted as  using COG is defined as: 

 

 indicates the sample element, is the membership function, and n represents the number of elements in the 

sample. For continuous membership function, is defined as :  

 



 

 

Center of -rea 6 Bisector of -rea Method ,B+-.  

This method calculates the position under the curve where the areas on both sides are equal. The BOA generates the 

action that partitions the area into two regions with the same area. 

 

Weighted -verage Method 

 This method is valid for fuzzy sets with symmetrical output membership functions and produces results very close to 

the COA method. This method is less computationally intensive. Each membership function is weighted by its 

maximum membership value. The defuzzified value is defined as : 

 

Here ∑ denotes the algebraic summation and x is the element with maximum membership function. 

 

 

Let A be a fuzzy set that tells about a student as shown in figure 3 and the elements with corresponding maximum 

membership values are also given. A = {(P, 0.6), (F, 0.4),(G, 0.2),(VG, 0.2), (E, 0)} 

 Here, the linguistic variable P represents a Pass student, F stands for a Fair student, G represents a Good student, 

VG represents a Very Good student and E for an Excellent student.  

Now the defuzzified value x ∗∗∗∗for set A will be  

 

The defuzzified value for the fuzzy set A with weighted average method represents a Fair student. 

 

Ma"ima Methods 

This method considers values with maximum membership.  

There are different maxima methods with different conflict resolution strategies for multiple maxima.  

� First of Maxima Method (FOM)  

� Last of Maxima Method (LOM)  

� Mean of Maxima Method (MOM)   

 

 



 

 

First of Ma"ima Method ,F+M. 

This method determines the smallest value of the domain with maximum membership value. Example: The 

defuzzified value x*of the given fuzzy set will be x*=4. 

 

 

Last of Ma"ima Method ,L+M. 

Determine the largest value of the domain with maximum membership value.  

In the example given for FOM, the defuzzified value for LOM method will be x*=8   

 

Mean of Ma"ima Method ,M+M. 

In this method, the defuzzified value is taken as the element with the highest membership values. When there are 

more than one element having maximum membership values, the mean value of the maxima is taken.   

Let A be a fuzzy set with membership function  defined over x ∈ X , where X is a universe of discourse. 

The defuzzified value is let say x* of a fuzzy set and is defined as, 

 

 

Fuzzy Logic - Traditional Fuzzy Refresher 

Logic, which was originally just the study of what distinguishes sound argument from unsound argument, has now 

developed into a powerful and rigorous system whereby true statements can be discovered, given other statements 

that are already known to be true. 

 

)redicate Logic 

This logic deals with predicates, which are propositions containing variables. 



 

 

A predicate is an expression of one or more variables defined on some specific domain. A predicate with variables 

can be made a proposition by either assigning a value to the variable or by quantifying the variable. 

Following are a few examples of predicates − 

• Let E(x, y) denote "x = y" 

• Let X(a, b, c) denote "a + b + c = 0" 

• Let M(x, y) denote "x is married to y" 

 

)ropositional Logic 

A proposition is a collection of declarative statements that have either a truth value "true” or a truth value "false". A 

propositional consists of propositional variables and connectives. The propositional variables are dented by capital 

letters (A, B, etc). The connectives connect the propositional variables. 

A few examples of Propositions are given below − 

• "Man is Mortal", it returns truth value “TRUE” 

• "12 + 9 = 3 – 2", it returns truth value “FALSE” 

The following is not a Proposition − 

• H- is less than (H − It is because unless we give a specific value of A, we cannot say whether the statement is 

true or false. 

 

Connectives 

In propositional logic, we use the following five connectives − 

• OR (∨) 

• AND (∧) 

• Negation/ NOT (¬) 

• Implication / if-then (→) 

• If and only if (⇔) 

 

+R ,I. 

The OR operation of two propositions A and B (written as A∨B) is true if at least any of the propositional variable A 

or B is true. 

The truth table is as follows – 

A B A V B 

TRUE TRUE TRUE 

TRUE FALSE TRUE 

FALSE TRUE TRUE 

FALSE FALSE FALSE 

 

- 3 ,∧∧∧∧. 

The AND operation of two propositions A and B (written as A∧B) is true if both the propositional variable A and B is 

true. 

The truth table is as follows – 

A B A ∧ B 

TRUE TRUE TRUE 

TRUE FALSE FALSE 

FALSE TRUE FALSE 

FALSE FALSE FALSE 



 

 

 egation ,¬. 

The negation of a proposition A (written as ¬A) is false when A is true and is true when A is false. 

The truth table is as follows − 

A ¬A 

TRUE FALSE 

FALSE TRUE 

 

Implication 6 if-then ,K. 

An implication A→B is the proposiZon “if A, then B”. It is false if A is true and B is false. The rest cases are true. The 

truth table is as follows – 
A B A→B 

TRUE TRUE TRUE 

TRUE FALSE FALSE 

FALSE TRUE TRUE 

FALSE FALSE TRUE 

 

If and only if ,⇔⇔⇔⇔. 

A⇔B is a bi-conditional logical connective which is true when p and q are same, i.e., both are false or both are true. 

The truth table is as follows – 

A B A⇔B 

TRUE TRUE TRUE 

TRUE FALSE FALSE 

FALSE TRUE FALSE 

FALSE FALSE TRUE 

 

Well Formed Formula 
Well Formed Formula (wff) is a predicate holding one of the following − 

� All propositional constants and propositional variables are wffs. 

� If x is a variable and Y is a wff,  ∀xY and ∃xY are also wff. 

� Truth value and false values are wffs. 

� Each atomic formula is a wff. 

� All connectives connecting wffs are wffs. 

 

Fuantifiers 
The variable of predicates is quantified by quantifiers. There are two types of quantifier in predicate logic − 

� Universal Quantifier 

� Existential Quantifier 

 

Universal Fuantifier 

Universal quantifier states that the statements within its scope are true for every value of the specific variable. It is 

denoted by the symbol ∀. 

∀∀∀∀xP(x) is read as for every value of x, P(x) is true. 

Example − "Man is mortal" can be transformed into the proposiZonal form ∀∀∀∀xP(x). Here, P(x) is the predicate 

which denotes that x is mortal and the universe of discourse is all men. 

 

E"istential Fuantifier 

Existential quantifier states that the statements within its scope are true for some values of the specific variable. It 

is denoted by the symbol ∃. 

∃∃∃∃xP(x) for some values of x is read as, P(x) is true. 



 

 

Example − "Some people are dishonest" can be transformed into the proposiZonal form ∃∃∃∃xP(x) where P(x) is the 

predicate which denotes x is dishonest and the universe of discourse is some people. 

 

 ested Fuantifiers 

If we use a quantifier that appears within the scope of another quantifier, it is called a nested quantifier. 

Example 

∀ a∃bP(x,y) where P(a,b) denotes a+b = 0 

∀ a∀b∀cP(a,b,c) where P(a,b) denotes a+(b+c) = (a+b)+c 

Note − ∀a∃bP(x,y) ≠ ∃a∀bP(x,y) 

 

-ppro"imate Reasoning 
Following are the different modes of approximate reasoning − 

Categorical Reasoning 

In this mode of approximate reasoning, the antecedents, containing no fuzzy quantifiers and fuzzy probabilities, are 

assumed to be in canonical form. 

 

Fualitative Reasoning 

In this mode of approximate reasoning, the antecedents and consequents have fuzzy linguistic variables; the input-

output relationship of a system is expressed as a collection of fuzzy IF-THEN rules. This reasoning is mainly used in 

control system analysis. 

 

Syllogistic Reasoning 

In this mode of approximation reasoning, antecedents with fuzzy quantifiers are related to inference rules. This is 

expressed as − 

  " / S1-Ls are BLs 

  y / S(CLs are 3Ls 

  ------------------------ 

  z / SMELs are FLs 

 

Here A,B,C,D,E,F are fuzzy predicates. 

 S1 and S2 are given fuzzy quantifiers. 

 S3 is the fuzzy quantifier which has to be decided. 

 

3ispositional Reasoning 

In this mode of approximation reasoning, the antecedents are dispositions that may contain the fuzzy quantifier 

“usually”. The quantifier Usually links together the dispositional and syllogistic reasoning; hence it pays an 

important role. 

 

For example, the projection rule of inference in dispositional reasoning can be given as follows − 

 usually, ,L9M. is R . ⇒⇒⇒⇒ usually ,L is BR N LD. 

Here BR N LD is the projection of fuzzy relation R on L 

 

Fuzzy Logic Rule Base 

It is a known fact that a human being is always comfortable making conversations in natural language. The 

representation of human knowledge can be done with the help of following natural language expression − 

 IF antecedent TOE  consequent 

The expression as stated above is referred to as the Fuzzy IF-THEN rule base. 

 

Canonical Form 

Following is the canonical form of Fuzzy Logic Rule Base − 

Rule 1 . I	 c�n�iZ�n C1, th�n r�stricZ�n /1 

/ul� 9 . I	 c�n�iZ�n C1, th�n r�stricZ�n /9 

. 

. 

/ul� n . I	 c�n�iZ�n C1, th�n r�stricti�n /n 



 

 

Interpretations of Fuzzy IF-TOE  Rules 

Fuzzy IF-�,-I /ul�s c�n b� int�rpr�t�� in th� 	�ll�wing 	�ur 	�rms . 

 

-ssignment Statements 

�h�s� kin�s �	 st�t�m�nts us� )0” 6�Eu�l t� sign7 	�r th� purp�s� �	 �ssignm�nt. �h�y �r� �	 th� 	�ll�wing 	�rm . 

 � 0 h�ll� 

 clim�t� 0 summ�r 

 

Conditional Statements 

�h�s� kin�s �	 st�t�m�nts us� th� )IF-�,-I” rul� b�s� 	�rm 	�r th� purp�s� �	 c�n�iti�n. �h�y �r� �	 th� 	�ll�wing 

	�rm . 

 IF t�mp�r�tur� is high �,-I Clim�t� is h�t 

 IF 	��� is 	r�sh �,-I ��t. 

 

Unconditional Statements 

�h�y �r� �	 th� 	�ll�wing 	�rm . 

 GQ�Q 1" 

 turn th� F�n �		 

 

Linguistic Iariable 
Fuzzy l�gic us�s linguistic v�ri�bl�s which �r� th� w�r�s �r s�nt�nc�s in � n�tur�l l�ngu�g�. F�r �x�mpl�, i	 w� s�y 

t�mp�r�tur�, it is � linguistic v�ri�bl�H th� v�lu�s �	 which �r� v�ry h�t �r c�l�, slightly h�t �r c�l�, v�ry w�rm, 

slightly w�rm, �tc. �h� w�r�s v�ry, slightly �r� th� linguistic h��g�s. 

 

Ch�r�ct�riz�ti�n �	 Linguistic b�ri�bl� 

F�ll�wing 	�ur t�rms ch�r�ct�riz� th� linguistic v�ri�bl� . 

� I�m� �	 th� v�ri�bl�, g�n�r�lly r�pr�s�nt�� by x. 

� ��rm s�t �	 th� v�ri�bl�, g�n�r�lly r�pr�s�nt�� by t6x7. 

� Synt�ctic rul�s 	�r g�n�r�ting th� v�lu�s �	 th� v�ri�bl� x. 

� S�m�ntic rul�s 	�r linking �v�ry v�lu� �	 x �n� its signi	ic�nc�. 

 

)ropositions in Fuzzy Logic 

As w� kn�w th�t pr�p�siti�ns �r� s�nt�nc�s �xpr�ss�� in �ny l�ngu�g� which �r� g�n�r�lly �xpr�ss�� in th� 

	�ll�wing c�n�nic�l 	�rm . s as ) 

,�r�, s is th� SubF�ct �n� V is Vr��ic�t�. 

 

F�r �x�mpl�, “Delhi is the capital of India”, this is � pr�p�siti�n wh�r� )R�lhi” is th� subF�ct �n� )is th� c�pit�l �	 
In�i�” is th� pr��ic�t� which sh�ws th� pr�p�rty �	 subF�ct. 

 

L�gic is th� b�sis �	 r��s�ning �n� 	uzzy l�gic �xt�n�s th� c�p�bility �	 r��s�ning by using 	uzzy pr��ic�t�s, 	uzzy-

pr��ic�t� m��i	i�rs, 	uzzy Eu�nti	i�rs �n� 	uzzy Eu�li	i�rs in 	uzzy pr�p�siti�ns which cr��t�s th� �i		�r�nc� 	r�m 

cl�ssic�l l�gic. 

 

Vr�p�siti�ns in 	uzzy l�gic inclu�� th� 	�ll�wing . 

Fuzzy )redicate 

Alm�st �v�ry pr��ic�t� in n�tur�l l�ngu�g� is 	uzzy in n�tur� h�nc�, 	uzzy l�gic h�s th� pr��ic�t�s lik� t�ll, sh�rt, 

w�rm, h�t, 	�st, �tc. 

 

Fuzzy-predicate Modifiers 

K� �iscuss�� linguistic h��g�s �b�v�H w� �ls� h�v� m�ny 	uzzy-pr��ic�t� m��i	i�rs which �ct �s h��g�s. �h�y �r� 

v�ry �ss�nti�l 	�r pr��ucing th� v�lu�s �	 � linguistic v�ri�bl�. F�r �x�mpl�, th� w�r�s v�ry, slightly �r� m��i	i�rs 

�n� th� pr�p�siti�ns c�n b� lik� )w�t�r is slightly h�t.” 

 

 

 



 

 

Fuzzy Fuantifiers 

It c�n b� ��	in�� �s � 	uzzy numb�r which giv�s � v�gu� cl�ssi	ic�ti�n �	 th� c�r�in�lity �	 �n� �r m�r� 	uzzy �r n�n-

	uzzy s�ts. It c�n b� us�� t� in	lu�nc� pr�b�bility within 	uzzy l�gic. F�r �x�mpl�, th� w�r�s m�ny, m�st, 	r�Eu�ntly 

�r� us�� �s 	uzzy Eu�nti	i�rs �n� th� pr�p�siti�ns c�n b� lik� )m�st p��pl� �r� �ll�rgic t� it.” 

 

Fuzzy Fualifiers 

L�t us n�w un��rst�n� Fuzzy gu�li	i�rs. A Fuzzy gu�li	i�r is �ls� � pr�p�siti�n �	 Fuzzy L�gic. Fuzzy Eu�li	ic�ti�n h�s 

th� 	�ll�wing 	�rms . 

Fuzzy Fualification Based on Truth 

It cl�ims th� ��gr�� �	 truth �	 � 	uzzy pr�p�siti�n. 

E"pression 1 It is �xpr�ss�� �s x is t. ,�r�, t is � 	uzzy truth v�lu�. 

E"ample 1 6C�r is bl�ck7 is IQ� b-/D �ru�. 

 

Fuzzy Fualification Based on )robability 

It cl�ims th� pr�b�bility, �ith�r num�ric�l �r �n int�rv�l, �	 	uzzy pr�p�siti�n. 

E"pression 1 It is �xpr�ss�� �s x is h. ,�r�, h is � 	uzzy pr�b�bility. 

E"ample 1 6C�r is bl�ck7 is Lik�ly. 

 

Fuzzy Fualification Based on )ossibility 

It cl�ims th� p�ssibility �	 	uzzy pr�p�siti�n. 

E"pression 1 It is �xpr�ss�� �s x is i. ,�r�, i is � 	uzzy p�ssibility. 

E"ample 1 6C�r is bl�ck7 is Alm�st Imp�ssibl�. 

 

Fuzzy Logic - Inference System 
Fuzzy In	�r�nc� Syst�m is th� k�y unit �	 � 	uzzy l�gic syst�m h�ving ��cisi�n m�king �s its prim�ry w�rk. It us�s th� 

)IFB�,-I” rul�s �l�ng with c�nn�ct�rs )Q/” �r )AIR” 	�r �r�wing �ss�nti�l ��cisi�n rul�s. 

 

Characteristics of Fuzzy Inference System 

F�ll�wing �r� s�m� ch�r�ct�ristics �	 FIS . 

� �h� �utput 	r�m FIS is �lw�ys � 	uzzy s�t irr�sp�ctiv� �	 its input which c�n b� 	uzzy �r crisp. 

� It is n�c�ss�ry t� h�v� 	uzzy �utput wh�n it is us�� �s � c�ntr�ll�r. 

� A ��	uzzi	ic�ti�n unit w�ul� b� th�r� with FIS t� c�nv�rt 	uzzy v�ri�bl�s int� crisp v�ri�bl�s. 

 

Functional BlocPs of FIS 
�h� 	�ll�wing 	iv� 	uncti�n�l bl�cks will h�lp y�u un��rst�n� th� c�nstructi�n �	 FIS . 

• /ul�  �s� . It c�nt�ins 	uzzy IF-�,-I rul�s. 

• R�t�b�s� . It ��	in�s th� m�mb�rship 	uncti�ns �	 	uzzy s�ts us�� in 	uzzy rul�s. 

• R�cisi�n-m�king Lnit . It p�r	�rms �p�r�Z�n �n rul�s. 

• Fuzzi	ic�ti�n Int�r	�c� Lnit . It c�nv�rts th� crisp Eu�nZZ�s int� 	uzzy Eu�nZZ�s. 

• R�	uzzi	ic�ti�n Int�r	�c� Lnit . It c�nv�rts th� 	uzzy Eu�ntiti�s int� crisp Eu�ntiti�s. F�ll�wing is � bl�ck 

�i�gr�m �	 	uzzy int�r	�r�nc� syst�m. 

 

 



 

 

WorPing of FIS 
�h� w�rking �	 th� FIS c�nsists �	 th� 	�ll�wing st�ps . 

• A 	uzzi	ic�ti�n unit supp�rts th� �pplic�ti�n �	 num�r�us 	uzzi	ic�ti�n m�th��s, �n� c�nv�rts th� crisp 

input int� 	uzzy input. 

• A kn�wl��g� b�s� - c�ll�cti�n �	 rul� b�s� �n� ��t�b�s� is 	�rm�� up�n th� c�nv�rsi�n �	 crisp input int� 

	uzzy input. 

• �h� ��	uzzi	ic�ti�n unit 	uzzy input is 	in�lly c�nv�rt�� int� crisp �utput. 

 

Methods of FIS 
L�t us n�w �iscuss th� �i		�r�nt m�th��s �	 FIS. F�ll�wing �r� th� tw� imp�rt�nt m�th��s �	 FIS, h�ving �i		�r�nt 

c�ns�Eu�nt �	 	uzzy rul�s . 

• Mamdani Fuzzy Inference System 

• TaPagi-Sugeno Fuzzy Model ,TS Method. 

 

Mamdani Fuzzy Inference System 

�his syst�m w�s pr�p�s�� in 194' by -bh�sim S�m��ni.  �sic�lly, it w�s �nticip�t�� t� c�ntr�l � st��m �ngin� �n� 

b�il�r c�mbin�ti�n by synth�sizing � s�t �	 	uzzy rul�s �bt�in�� 	r�m p��pl� w�rking �n th� syst�m. 

 

Steps for Computing the +utput 

F�ll�wing st�ps n��� t� b� 	�ll�w�� t� c�mput� th� �utput 	r�m this FIS . 

1. ��t�rmining � s�t �	 	uzzy rul�s 

9. 	uzzi	ying th� inputs using th� input m�mb�rship 	uncti�ns, 

3. c�mbining th� 	uzzi	i�� inputs �cc�r�ing t� th� 	uzzy rul�s t� �st�blish � rul� str�ngth, 

A. 	in�ing th� c�ns�Eu�nc� �	 th� rul� by c�mbining th� rul� str�ngth �n� th� �utput m�mb�rship 	uncti�n, 

'. c�mbining th� c�ns�Eu�nc�s t� g�t �n �utput �istributi�n, �n� 

&. ��	uzzi	ying th� �utput �istributi�n 6this st�p is �nly i	 � crisp �utput 6cl�ss7 is n�����7. 

 

F�ll�wing is � bl�ck �i�gr�m �	 S�m��ni Fuzzy Int�r	�c� Syst�m. 

 
 

TaPagi-Sugeno Fuzzy Model ,TS Method. 

�his m���l w�s pr�p�s�� by ��k�gi, Sug�n� �n� j�ng in 19P'. F�rm�t �	 this rul� is giv�n �s . 

 IF " is - and y is B TOE  Q / f,"9y. 

,�r�, A  �r� 	uzzy s�ts in �nt�c���nts �n� z 0 	6x,y7 is � crisp 	uncti�n in th� c�ns�Eu�nt. 

 



 

 

Fuzzy Inference )rocess 
�h� 	uzzy in	�r�nc� pr�c�ss un��r ��k�gi-Sug�n� Fuzzy S���l 6�S S�th��7 w�rks in th� 	�ll�wing w�y . 

• St�p 15 Fuzzi	ying th� inputs . ,�r�, th� inputs �	 th� syst�m �r� m��� 	uzzy. 

• St�p 95 Applying th� 	uzzy �p�r�t�r . In this st�p, th� 	uzzy �p�r�t�rs must b� �ppli�� t� g�t th� �utput. 

 

Rule Format of the Sugeno Form 

�h� rul� 	�rm�t �	 Sug�n� 	�rm is giv�n by .  if R / " and S / y then output is z / a"0by0c 
 

Comparison between the two methods 

L�t us n�w un��rst�n� th� c�mp�ris�n b�tw��n th� S�m��ni Syst�m �n� th� Sug�n� S���l. 

• Qutput S�mb�rship Functi�n . �h� m�in �ik�r�nc� b�tw��n th�m is �n th� b�sis �	 �utput m�mb�rship 

	uncti�n. �h� Sug�n� �utput m�mb�rship 	uncti�ns �r� �ith�r lin��r �r c�nst�nt. 

• Aggr�g�ti�n �n� R�	uzzi	ic�ti�n Vr�c��ur� . �h� �ik�r�nc� b�tw��n th�m �ls� li�s in th� c�ns�Eu�nc� �	 

	uzzy rul�s �n� �u� t� th� s�m� th�ir �ggr�g�ti�n �n� ��	uzzi	ic�ti�n pr�c��ur� �ls� �i		�rs. 

• S�th�m�tic�l /ul�s . S�r� m�th�m�tic�l rul�s �xist 	�r th� Sug�n� rul� th�n th� S�m��ni rul�. 

• A�Fust�bl� V�r�m�t�rs . �h� Sug�n� c�ntr�ll�r h�s m�r� ��Fust�bl� p�r�m�t�rs th�n th� S�m��ni 

c�ntr�ll�r. 

 

Fuzzy Logic - Database and Queries 
Fuzzy L�gic is �n �ppr��ch t� c�mputing b�s�� �n c��gr��s �	 truthc r�th�r th�n th� usu�l ctru� �r 	�ls�c l�gic. It 

���ls with r��s�ning th�t is �ppr�xim�t� r�th�r th�n pr�cis� t� s�lv� pr�bl�ms in � w�y th�t m�r� r�s�mbl�s 

hum�n l�gic, h�nc� ��t�b�s� Eu�rying pr�c�ss by th� tw� v�lu�� r��liz�ti�n �	  ��l��n �lg�br� is n�t ���Eu�t�. 

 

Fuzzy Scenario of Relations on 3atabases 

�h� Fuzzy Sc�n�ri� �	 /�l�ti�ns �n R�t�b�s�s c�n b� un��rst��� with th� h�lp �	 th� 	�ll�wing �x�mpl� . 

-x�mpl� 

Supp�s� w� h�v� � ��t�b�s� h�ving th� r�c�r�s �	 p�rs�ns wh� visit�� In�i�. In simpl� ��t�b�s�, w� will h�v� th� 

�ntri�s m��� in th� 	�ll�wing w�y . 

I�m� Ag� Citiz�n bisit�� 

C�untry 

R�ys 

Sp�nt 

D��r �	 

bisit 

l�hn 

Smith 

3' L.S. In�i� A1 1999 

l�hn 

Smith 

3' L.S. It�ly 49 1999 

l�hn 

Smith 

3' L.S. l�p�n 31 1999 

 

I�w, i	 �ny�n� Eu�ri�s �b�ut th� p�rs�n wh� visit�� In�i� �n� l�p�n in th� y��r 99 �n� is th� citiz�n �	 LS, th�n 

th� �utput will sh�w tw� �ntri�s h�ving th� n�m� �	 l�hn Smith. �his is simpl� Eu�ry g�n�r�ting simpl� �utput. 

 ut wh�t i	 w� w�nt t� kn�w wh�th�r th� p�rs�n in th� �b�v� Eu�ry is y�ung �r n�t. Acc�r�ing t� th� �b�v� r�sult, 

th� �g� �	 th� p�rs�n is 3' y��rs.  ut c�n w� �ssum� th� p�rs�n t� b� y�ung �r n�tm Simil�rly, s�m� thing c�n b� 

�ppli�� �n th� �th�r 	i�l�s lik� ��ys sp�nt, y��r �	 visit, �tc. 

�h� s�luti�n �	 th� �b�v� issu�s c�n b� 	�un� with th� h�lp �	 Fuzzy b�lu� s�ts �s 	�ll�ws . 

• Fb6Ag�71 v�ry y�ung, y�ung, s�m�wh�t �l�, �l� 2 

• Fb6R�ys Sp�nt71 b�r�ly 	�w ��ys, 	�w ��ys, Euit� � 	�w ��ys, m�ny ��ys 2 

• Fb6D��r �	 bisit71�ist�nt p�st, r�c�nt p�st, r�c�nt 2 

• I�w i	 �ny Eu�ry will h�v� th� 	uzzy v�lu� th�n th� r�sult will �ls� b� 	uzzy in n�tur�. 

 

 

 



 

 

Fuzzy Fuery System 
A 	uzzy Eu�ry syst�m is �n int�r	�c� t� us�rs t� g�t in	�rm�ti�n 	r�m th� ��t�b�s� using 6Eu�si7 n�tur�l l�ngu�g� 

s�nt�nc�s. S�ny 	uzzy Eu�ry impl�m�nt�ti�ns h�v� b��n pr�p�s��, r�sulting in slightly �i		�r�nt l�ngu�g�s. 

Alth�ugh th�r� �r� s�m� v�ri�ti�ns �cc�r�ing t� th� p�rticul�riti�s �	 �i		�r�nt impl�m�nt�ti�ns, th� �nsw�r t� � 

	uzzy Eu�ry s�nt�nc� is g�n�r�lly � list �	 r�c�r�s, r�nk�� by th� ��gr�� �	 m�tching. 

 

Fuzzy Logic – Quantification 
In m���ling n�tur�l l�ngu�g� st�t�m�nts, Eu�nti	i�� st�t�m�nts pl�y �n imp�rt�nt r�l�. It m��ns th�t IL h��vily 

��p�n�s �n Eu�nti	ying c�nstructi�n which �	t�n inclu��s 	uzzy c�nc�pts lik� )�lm�st �ll”, )m�ny”, �tc. F�ll�wing 

�r� � 	�w �x�mpl�s �	 Eu�nti	ying pr�p�siti�ns . 

• -v�ry stu��nt p�ss�� th� �x�m. 

• -v�ry sp�rt c�r is �xp�nsiv�. 

• S�ny stu��nts p�ss�� th� �x�m. 

• S�ny sp�rts c�rs �r� �xp�nsiv�. 

 

In th� �b�v� �x�mpl�s, th� Eu�nti	i�rs )-v�ry” �n� )S�ny” �r� �ppli�� t� th� crisp r�stricti�ns )stu��nts” �s w�ll �s 

crisp sc�p� )6p�rs�n wh�7p�ss�� th� �x�m” �n� )c�rs” �s w�ll �s crisp sc�p� ”sp�rts”. 

 

Fuzzy Events9 Fuzzy Means and Fuzzy Iariances 

Kith th� h�lp �	 �n �x�mpl�, w� c�n un��rst�n� th� �b�v� c�nc�pts. L�t us �ssum� th�t w� �r� � sh�r�h�l��r �	 � 

c�mp�ny n�m�� A C. An� �t pr�s�nt th� c�mp�ny is s�lling ��ch �	 its sh�r� 	�r nA". �h�r� �r� thr�� �i		�r�nt 

c�mp�ni�s wh�s� busin�ss is simil�r t� A C but th�s� �r� �		�ring th�ir sh�r�s �t �i		�r�nt r�t�s - n1"" � sh�r�, nP' 

� sh�r� �n� n&" � sh�r� r�sp�ctiv�ly. 

I�w th� pr�b�bility �istributi�n �	 this pric� t�k��v�r is �s 	�ll�ws O 

Vric� 1"" P' &" 

Vr�b�bility ".3 ".' ".9 

 

I�w, 	r�m th� st�n��r� pr�b�bility th��ry, th� �b�v� �istributi�n giv�s � m��n �	 �xp�ct�� pric� �s b�l�w . 

1CCTC?M0UVTC?V0WCTC?(/UX?V  
An�, 	r�m th� st�n��r� pr�b�bility th��ry, th� �b�v� �istributi�n giv�s � v�ri�nc� �	 �xp�ct�� pric� �s b�l�w . 

,1CC1UX?V.(TC?M0,UV1UX?V.(TC?V0,WC1UX?V.(TC?(/1(X?U(V 
 

Supp�s� th� ��gr�� �	 m�mb�rship �	 1"" in this s�t is ".4, th�t �	 P' is 1, �n� th� ��gr�� �	 m�mb�rship is ".' 	�r 

th� v�lu� &". �h�s� c�n b� r�	l�ct�� in th� 	�ll�wing 	uzzy s�t . 

 

�h� 	uzzy s�t �bt�in�� in this m�nn�r is c�ll�� � 	uzzy �v�nt. 

K� w�nt th� pr�b�bility �	 th� 	uzzy �v�nt 	�r which �ur c�lcul�ti�n giv�s . 

C?RTC?M01TC?V0C?VTC?(/C?(10C?V0C?1/C?U1  

I�w, w� n��� t� c�lcul�t� th� 	uzzy m��n �n� th� 	uzzy v�ri�nc�, th� c�lcul�ti�n is �s 	�ll�ws . 

FuzzyYmean /,16C?U1.T,1CCTC?RTC?M0UVT1TC?V0WCTC?VTC?(/UV?U 
FuzzyYIariance 0RXSW?S11RMW1?S1/1MV?(R 

 

Fuzzy Logic - 3ecision MaPing 
It is �n �ctivity which inclu��s th� st�ps t� b� t�k�n 	�r ch��sing � suit�bl� �lt�rn�tiv� 	r�m th�s� th�t �r� n����� 

	�r r��lizing � c�rt�in g��l. 

 



 

 

Steps for 3ecision MaPing 

L�t us n�w �iscuss th� st�ps inv�lv�� in th� ��cisi�n m�king pr�c�ss . 

• R�t�rmining th� S�t �	 Alt�rn�tiv�s . In this st�p, th� �lt�rn�Zv�s 	r�m which th� ��cisi�n h�s t� b� t�k�n 

must b� ��t�rmin��. 

• -v�lu�ting Alt�rn�tiv� . ,�r�, th� �lt�rn�Zv�s must b� �v�lu�t�� s� th�t th� ��cisi�n c�n b� t�k�n �b�ut 

�n� �	 th� �lt�rn�tiv�s. 

• C�mp�ris�n b�tw��n Alt�rn�tiv�s . In this st�p, � c�mp�ris�n b�tw��n th� �v�lu�t�� �lt�rn�Zv�s is ��n�. 

 

Types of 3ecision 

S�king K� will n�w un��rst�n� th� �i		�r�nt typ�s �	 ��cisi�n m�king. 

Individual 3ecision MaPing 

In this typ� �	 ��cisi�n m�king, �nly � singl� p�rs�n is r�sp�nsibl� 	�r t�king ��cisi�ns. �h� ��cisi�n m�king m���l 

in this kin� c�n b� ch�r�ct�riz�� �s . 

• S�t �	 p�ssibl� �cti�ns 

• S�t �	 g��ls  

• S�t �	 C�nstr�ints  

�h� g��ls �n� c�nstr�ints st�t�� �b�v� �r� �xpr�ss�� in t�rms �	 	uzzy s�ts. 

I�w c�nsi��r � s�t A. �h�n, th� g��l �n� c�nstr�ints 	�r this s�t �r� giv�n by . 

 

�h� 	uzzy ��cisi�n in th� �b�v� c�s� is giv�n by . 

 

Multi-person 3ecision MaPing 

R�cisi�n m�king in this c�s� inclu��s s�v�r�l p�rs�ns s� th�t th� �xp�rt kn�wl��g� 	r�m v�ri�us p�rs�ns is utiliz�� 

t� m�k� ��cisi�ns. 

 

C�lcul�ti�n 	�r this c�n b� giv�n �s 	�ll�ws . 

Iumb�r �	 p�rs�ns pr�	�rring  

��t�l numb�r �	 ��cisi�n m�k�rs 0 n 

�h�n,  

 

Multi-ob4ective 3ecision MaPing 

Sulti-�bF�ctiv� ��cisi�n m�king �ccurs wh�n th�r� �r� s�v�r�l �bF�ctiv�s t� b� r��liz��. �h�r� �r� 	�ll�wing tw� 

issu�s in this typ� �	 ��cisi�n m�king . 

• �� �cEuir� pr�p�r in	�rm�ti�n r�l�t�� t� th� s�tis	�cti�n �	 th� �bF�ctiv�s by v�ri�us �lt�rn�tiv�s. 

• �� w�igh th� r�l�tiv� imp�rt�nc� �	 ��ch �bF�ctiv�. 

S�th�m�tic�lly w� c�n ��	in� � univ�rs� �	 n �lt�rn�tiv�s �s . 

A0]�1,�9,...,�i,...,�n]A0]�1,�9,...,�i,...,�n] 

An� th� s�t �	 )m” �bF�ctiv�s �s Q0]�1,�9,...,�i,...,�n]Q0]�1,�9,...,�i,...,�n] 



 

 

Multi-attribute 3ecision MaPing 

Sulti-�ttribut� ��cisi�n m�king t�k�s pl�c� wh�n th� �v�lu�ti�n �	 �lt�rn�tiv�s c�n b� c�rri�� �ut b�s�� �n s�v�r�l 

�ttribut�s �	 th� �bF�ct. �h� �ttribut�s c�n b� num�ric�l ��t�, linguistic ��t� �n� Eu�lit�tiv� ��t�. 

S�th�m�tic�lly, th� multi-�ttribut� �v�lu�ti�n is c�rri�� �ut �n th� b�sis �	 lin��r �Eu�ti�n �s 	�ll�ws - 

 Z/-1710-(7(0???0-i7i0???0-r7r 

 

Fuzzy Logic - Control System 

Fuzzy l�gic is �ppli�� with gr��t succ�ss in v�ri�us c�ntr�l �pplic�ti�n. Alm�st �ll th� c�nsum�r pr��ucts h�v� 	uzzy 

c�ntr�l. S�m� �	 th� �x�mpl�s inclu�� c�ntr�lling y�ur r��m t�mp�r�tur� with th� h�lp �	 �ir-c�n�iti�n�r, �nti-

br�king syst�m us�� in v�hicl�s, c�ntr�l �n tr�		ic lights, w�shing m�chin�s, l�rg� �c�n�mic syst�ms, �tc. 

 

Why Use Fuzzy Logic in Control Systems 

A c�ntr�l syst�m is �n �rr�ng�m�nt �	 physic�l c�mp�n�nts ��sign�� t� �lt�r �n�th�r physic�l syst�m s� th�t this 

syst�m �xhibits c�rt�in ��sir�� ch�r�ct�ristics. F�ll�wing �r� s�m� r��s�ns �	 using Fuzzy L�gic in C�ntr�l Syst�ms . 

• Khil� �pplying tr��iti�n�l c�ntr�l, �n� n���s t� kn�w �b�ut th� m���l �n� th� �bF�ctiv� 	uncti�n 

	�rmul�t�� in pr�cis� t�rms. �his m�k�s it v�ry �i		icult t� �pply in m�ny c�s�s. 

•  y �pplying 	uzzy l�gic 	�r c�ntr�l w� c�n utiliz� th� hum�n �xp�rtis� �n� �xp�ri�nc� 	�r ��signing � 

c�ntr�ll�r. 

• �h� 	uzzy c�ntr�l rul�s, b�sic�lly th� IF-�,-I rul�s, c�n b� b�st utiliz�� in ��signing � c�ntr�ll�r. 

 

-ssumptions in Fuzzy Logic Control ,FLC. 3esign 

Khil� ��signing 	uzzy c�ntr�l syst�m, th� 	�ll�wing six b�sic �ssumpti�ns sh�ul� b� m��� . 

• �h� pl�nt is �bs�rv�bl� �n� c�ntr�ll�bl� . It must b� �ssum�� th�t th� input, �utput �s w�ll �s st�t� 

v�ri�bl�s �r� �v�il�bl� 	�r �bs�rv�ti�n �n� c�ntr�lling purp�s�. 

• -xist�nc� �	 � kn�wl��g� b��y . It must b� �ssum�� th�t th�r� �xist � kn�wl��g� b��y h�ving linguisZc 

rul�s �n� � s�t �	 input-�utput ��t� s�t 	r�m which rul�s c�n b� �xtr�ct��. 

• -xist�nc� �	 s�luti�n . It must b� �ssum�� th�t th�r� �xists � s�luti�n. 

• GG��� �n�ugh’ s�luti�n is �n�ugh . �h� c�ntr�l �ngin��ring must l��k 	�r Gg��� �n�ugh’ s�luZ�n r�th�r 

th�n �n �ptimum �n�. 

• /�ng� �	 pr�cisi�n . Fuzzy l�gic c�ntr�ll�r must b� ��sign�� within �n �cc�pt�bl� r�ng� �	 pr�cisi�n. 

• Issu�s r�g�r�ing st�bility �n� �ptim�lity . �h� issu�s �	 st�bility �n� �pZm�lity must b� �p�n in ��signing 

Fuzzy l�gic c�ntr�ll�r r�th�r th�n ���r�ss�� �xplicitly. 

 

-rchitecture of Fuzzy Logic Control 

�h� 	�ll�wing �i�gr�m sh�ws th� �rchit�ctur� �	 Fuzzy L�gic C�ntr�l 6FLC7. 

 



 

 

Ma4or Components of FLC 

F�ll�wings �r� th� m�F�r c�mp�n�nts �	 th� FLC �s sh�wn in th� �b�v� 	igur� . 

• Fuzzi	i�r . �h� r�l� �	 	uzzi	i�r is t� c�nv�rt th� crisp input v�lu�s int� 	uzzy v�lu�s. 

• Fuzzy jn�wl��g�  �s� . It st�r�s th� kn�wl��g� �b�ut �ll th� input-�utput 	uzzy r�l�ti�nships. It �ls� h�s 

th� m�mb�rship 	uncti�n which ��	in�s th� input v�ri�bl�s t� th� 	uzzy rul� b�s� �n� th� �utput v�ri�bl�s t� 

th� pl�nt un��r c�ntr�l. 

• Fuzzy /ul�  �s� . It st�r�s th� kn�wl��g� �b�ut th� �p�r�Z�n �	 th� pr�c�ss �	 ��m�in. 

• In	�r�nc� -ngin� . It �cts �s � k�rn�l �	 �ny FLC.  �sic�lly it simul�t�s hum�n ��cisi�ns by p�r	�rming 

�ppr�xim�t� r��s�ning. 

• R�	uzzi	i�r . �h� r�l� �	 ��	uzziM�r is t� c�nv�rt th� 	uzzy v�lu�s int� crisp v�lu�s g�ong 	r�m 	uzzy 

in	�r�nc� �ngin�. 

 

Steps in 3esigning FLC 

F�ll�wing �r� th� st�ps inv�lv�� in ��signing FLC . 

• I��nti	ic�ti�n �	 v�ri�bl�s . ,�r�, th� input, �utput �n� st�t� v�ri�bl�s must b� i��nti	i�� �	 th� pl�nt which 

is un��r c�nsi��r�ti�n. 

• Fuzzy subs�t c�n	igur�ti�n . �h� univ�rs� �	 in	�rm�ti�n is �ivi��� int� numb�r �	 	uzzy subs�ts �n� ��ch 

subs�t is �ssign�� � linguistic l�b�l. Alw�ys m�k� sur� th�t th�s� 	uzzy subs�ts inclu�� �ll th� �l�m�nts �	 

univ�rs�. 

• Qbt�ining m�mb�rship 	uncti�n . I�w �bt�in th� m�mb�rship 	uncti�n 	�r ��ch 	uzzy subs�t th�t w� g�t in 

th� �b�v� st�p. 

• Fuzzy rul� b�s� c�n	igur�ti�n . I�w 	�rmul�t� th� 	uzzy rul� b�s� by �ssigning r�l�Z�nship b�tw��n 	uzzy 

input �n� �utput. 

• Fuzzi	ic�ti�n . �h� 	uzziMc�Z�n pr�c�ss is iniZ�t�� in this st�p. 

• C�mbining 	uzzy �utputs .  y �pplying 	uzzy �ppr�xim�t� r��s�ning, l�c�t� th� 	uzzy �utput �n� m�rg� 

th�m. 

• R�	uzzi	ic�ti�n . Fin�lly, iniZ�t� ��	uzziMc�Z�n pr�c�ss t� 	�rm � crisp �utput. 

 

-dvantages of Fuzzy Logic Control 

L�t us n�w �iscuss th� ��v�nt�g�s �	 Fuzzy L�gic C�ntr�l. 

• Ch��p�r . R�v�l�ping � FLC is c�mp�r�Zv�ly ch��p�r th�n ��v�l�ping m���l b�s�� �r �th�r c�ntr�ll�r in 

t�rms �	 p�r	�rm�nc�. 

• /�bust . FLCs �r� m�r� r�bust th�n VIR c�ntr�ll�rs b�c�us� �	 th�ir c�p�bility t� c�v�r � hug� r�ng� �	 

�p�r�ting c�n�iti�ns. 

• Cust�miz�bl� . FLCs �r� cust�miz�bl�. 

• -mul�t� hum�n ���uctiv� thinking .  �sic�lly FLC is ��sign�� t� �mul�t� hum�n ���ucZv� thinking, th� 

pr�c�ss p��pl� us� t� in	�r c�nclusi�n 	r�m wh�t th�y kn�w. 

• /�li�bility . FLC is m�r� r�li�bl� th�n c�nv�nti�n�l c�ntr�l syst�m. 

• -		ici�ncy . Fuzzy l�gic pr�vi��s m�r� �pci�ncy wh�n �ppli�� in c�ntr�l syst�m. 

 

3isadvantages of Fuzzy Logic Control 

K� will n�w �iscuss wh�t �r� th� �is��v�nt�g�s �	 Fuzzy L�gic C�ntr�l. 

• /�Euir�s l�ts �	 ��t� . FLC n���s l�ts �	 ��t� t� b� �ppli��. 

• Ls�	ul in c�s� �	 m���r�t� hist�ric�l ��t� . FLC is n�t us�	ul 	�r pr�gr�ms much sm�ll�r �r l�rg�r th�n 

hist�ric�l ��t�. 

• I���s high hum�n �xp�rtis� . �his is �n� �r�wb�ck �s th� �ccur�cy �	 th� syst�m ��p�n�s �n th� 

kn�wl��g� �n� �xp�rtis� �	 hum�n b�ings. 

• I���s r�gul�r up��ting �	 rul�s . �h� rul�s must b� up��t�� with Zm�. 



 

 

-daptive Fuzzy Controller 

A��ptiv� Fuzzy C�ntr�ll�r �n� h�w it w�rks. A��ptiv� Fuzzy C�ntr�ll�r is ��sign�� with s�m� ��Fust�bl� p�r�m�t�rs 

�l�ng with �n �mb����� m�ch�nism 	�r ��Fusting th�m. A��ptiv� c�ntr�ll�r h�s b��n us�� 	�r impr�ving th� 

p�r	�rm�nc� �	 c�ntr�ll�r. 

 

 �sic St�ps 	�r Impl�m�nting A��ptiv� Alg�rithm 

L�t us n�w �iscuss th� b�sic st�ps 	�r impl�m�nting ���ptiv� �lg�rithm. 

• Collection of observable data . �h� �bs�rv�bl� ��t� is c�ll�ct�� t� c�lcul�t� th� p�r	�rm�nc� �	 c�ntr�ll�r. 

• -d4ustment of controller parameters . I�w with th� h�lp �	 c�ntr�ll�r p�r	�rm�nc�, c�lcul�ti�n �	 

��Fustm�nt �	 c�ntr�ll�r p�r�m�t�rs w�ul� b� ��n�. 

• Improvement in performance of controller . In this st�p, th� c�ntr�ll�r p�r�m�t�rs �r� ��Fust�� t� impr�v� 

th� p�r	�rm�nc� �	 c�ntr�ll�r. 

 

+perational Concepts 

R�sign �	 � c�ntr�ll�r is b�s�� �n �n �ssum�� m�th�m�tic�l m���l th�t r�s�mbl�s � r��l syst�m. �h� �rr�r b�tw��n 

�ctu�l syst�m �n� its m�th�m�tic�l r�pr�s�nt�ti�n is c�lcul�t�� �n� i	 it is r�l�tiv�ly insigni	ic�nt th�n th� m���l is 

�ssum�� t� w�rk �		�ctiv�ly. 

 

A thr�sh�l� c�nst�nt th�t s�ts � b�un��ry 	�r th� �		�ctiv�n�ss �	 � c�ntr�ll�r, �ls� �xists. �h� c�ntr�l input is 	�� 

int� b�th th� r��l syst�m �n� m�th�m�tic�l m���l. ,�r�, �ssum� ",t. is th� �utput �	 th� r��l syst�m �n� y,t. is th� 

�utput �	 th� m�th�m�tic�l m���l. �h�n th� �rr�r [,t. c�n b� c�lcul�t�� �s 	�ll�ws . [,t./",t.1y,t. 

,�r�, " ��sir�� is th� �utput w� w�nt 	r�m th� syst�m �n� μ,t. is th� �utput c�ming 	r�m c�ntr�ll�r �n� g�ing t� 

b�th r��l �s w�ll �s m�th�m�tic�l m���l. 

 

�h� 	�ll�wing �i�gr�m sh�ws h�w th� �rr�r 	uncti�n is tr�ck�� b�tw��n �utput �	 � r��l syst�m �n� S�th�m�tic�l 

m���l O 

 

)arameterization of System 

A 	uzzy c�ntr�ll�r th� ��sign �	 which is b�s�� �n th� 	uzzy m�th�m�tic�l m���l will h�v� th� 	�ll�wing 	�rm �	 	uzzy 

rul�s O 

 



 

 

 

�h� �b�v� s�t �	 p�r�m�t�rs ch�r�ct�riz�s th� c�ntr�ll�r. 

 

Mechanism -d4ustment 
�h� c�ntr�ll�r p�r�m�t�rs �r� ��Fust�� t� impr�v� th� p�r	�rm�nc� �	 c�ntr�ll�r. �h� pr�c�ss �	 c�lcul�ting th� 

��Fustm�nt t� th� p�r�m�t�rs is th� ��Fusting m�ch�nism. 

S�th�m�tic�lly, l�t θ,n. b� � s�t �	 p�r�m�t�rs t� b� ��Fust�� �t tim� t/tn. �h� ��Fustm�nt c�n b� th� 

r�c�lcul�ti�n �	 th� p�r�m�t�rs, θ,n./],3C9319???93n. 

,�r� 3n is th� ��t� c�ll�ct�� �t tim� t/tn. 

I�w this 	�rmul�ti�n is r�	�rmul�t�� by th� up��t� �	 th� p�r�m�t�r s�t b�s�� �n its pr�vi�us v�lu� �s,  

 

 

)arameters for selecting an -daptive Fuzzy Controller 

�h� 	�ll�wing p�r�m�t�rs n��� t� b� c�nsi��r�� 	�r s�l�cting �n ���ptiv� 	uzzy c�ntr�ll�r . 

• C�n th� syst�m b� �ppr�xim�t�� �ntir�ly by � 	uzzy m���lm 

• I	 � syst�m c�n b� �ppr�xim�t�� �ntir�ly by � 	uzzy m���l, �r� th� p�r�m�t�rs �	 this 	uzzy m���l 

r���ily �v�il�bl� �r must th�y b� ��t�rmin�� �nlin�m 

• I	 � syst�m c�nn�t b� �ppr�xim�t�� �ntir�ly by � 	uzzy m���l, c�n it b� �ppr�xim�t�� pi�c�wis� by 

� s�t �	 	uzzy m���lm 

• I	 � syst�m c�n b� �ppr�xim�t�� by � s�t �	 	uzzy m���ls, �r� th�s� m���ls h�ving th� s�m� 

	�rm�t with �i		�r�nt p�r�m�t�rs �r �r� th�y h�ving �i		�r�nt 	�rm�tsm 

• I	 � syst�m c�n b� �ppr�xim�t�� by � s�t �	 	uzzy m���ls h�ving th� s�m� 	�rm�t, ��ch with � 

�i		�r�nt s�t �	 p�r�m�t�rs, �r� th�s� p�r�m�t�r s�ts r���ily �v�il�bl� �r must th�y b� ��t�rmin�� 

�nlin�m 

 

)I3 Control with Fuzzy Logic 

Vr�p�rti�n�l int�gr�l ��riv�tiv� 6VIR7 c�ntr�l is � w�ll �st�blish�� w�y �	 �riving � syst�m t�w�r�s � t�rg�t 

p�siti�n �r l�v�l. It’s pr�ctic�lly ubiEuit�us �s � m��ns �	 c�ntr�lling t�mp�r�tur�, �n� 	in�s �pplic�ti�n in 

myri�� ch�mic�l �n� sci�nti	ic pr�c�ss�s �s w�ll �s �ut�m�ti�n. VIR c�ntr�l is h�w�v�r n�t with�ut 

pr�bl�ms. It c�n yi�l� l�ss th�n i���l r�sults in situ�ti�ns wh�r� th� t�rg�t v�lu� ch�ng�s, wh�th�r �s � 

st�p 	uncti�n �r �s p�rt �	 � )r�mp q s��k” pr�	il�. 

 

In �n �		�rt t� impr�v� p�r	�rm�nc�, s�m� instrum�nt�ti�n m�nu	�ctur�rs �r� �xpl�ring th� v�lu� �	 

using )	uzzy l�gic” 	�r pr�c�ss c�ntr�l. �his QS-GA -ngin��ring Khit� V�p�r �xpl�r�s b�th th� 

w��kn�ss�s �	 VIR syst�ms �n� th� p�t�nti�l b�n�	its �	 	uzzy l�gic, with p�rticul�r r�	�r�nc� t� issu�s in 

t�mp�r�tur� c�ntr�l. In�ivi�u�l s�cti�ns ���r�ss5 

•  �sics �	 VIR c�ntr�l l��ps 

• VIR ch�ll�ng�s 

• Intr��ucti�n t� 	uzzy l�gic 	�r c�ntr�l 

• VIR plus ���ptiv� 	uzzy l�gic 

• Applic�ti�ns 

 

 



 

 

Basics of )I3 Control Loops 

In th� m�st b�sic 	�rm �	 c�ntr�l l��p 	���b�ck, �n �utput such �s t�mp�r�tur� is m��sur�� �n� 

c�mp�r�� t� � t�rg�t v�lu�.  �s�� �n th� �i		�r�nc� b�tw��n th�s� v�lu�s � c�rr�cti�n 	�ct�r is 

c�lcul�t�� �n� �ppli�� t� th� input. I	 �n �v�n is c��l�r th�n r�Euir��, th� h��t will b� incr��s��. In 

pr�p�rti�n�l c�ntr�l, 6th� 	irst t�rm in th� VIR �cr�nym7 th� c�rr�cti�n 	�ct�r is pr�p�rti�n�l t� th� 

�i		�r�nc�. In c�ns�Eu�nc�, th� t�rg�t v�lu� is n�v�r �chi�v�� b�c�us� �s th� �i		�r�nc� �ppr��ch�s z�r�, 

s� t�� ���s th� �ppli�� c�rr�cti�n. 

 

)I3 Challenges 

�h� m�th�m�tics in � VIR c�ntr�l �Eu�ti�n is c�mpl�x with multipl� v�ri�bl�s �n� c�nst�nts int�r�cting. In 

�ny giv�n �pplic�ti�n th�s� �r� s�l�ct�� t� 	�ll�w th� t�rg�t v�lu� �s cl�s�ly �s p�ssibl�, within th� 

c�nstr�ints imp�s�� by th� pr�c�ss its�l	 �n� th� instrum�nt�ti�n. 

 

�hr�� issu�s c�mm�n t� �lm�st �v�ry pr�c�ss c�ntr�l �pplic�ti�n �r�5 

• �im� ��l�ys �r l�g 

• St�p 	uncti�n r�sp�ns� 

• )/�mp q S��k” 	uncti�n r�sp�ns� 

 

In m�ny situ�ti�ns th� �utput c�n t�k� � l�ng, �n� p�rh�ps �ls� v�ri�bl�, tim� t� r��ct t� input ch�ng�s. 

�� giv� �n� �x�mpl�, � 	urn�c� will c��l wh�n )ch�rg��” with n�w m�t�l �n� c�ul� t�k� s�v�r�l minut�s 

t� c�m� b�ck up t� t�mp�r�tur�. �his c�n l��� t� t�mp�r�tur� �v�rsh��ts which m�y ��m�g� th� 

c�nt�nts. Alt�rn�tiv�ly, th� h��ting m�y b� t�� sl�w, r��ucing pr�c�ss �		ici�ncy �n� c�using ��l�t�ri�us 

�		�cts t� th� pr��uct �r m�t�ri�l. 

 

Kh�n th� t�rg�t v�lu� ch�ng�s inst�nt�n��usly VIR 	�rc�s th� syst�m t� �pply � l�rg� c�rr�cting 	�ct�r, 

which �g�in c�n l��� t� �v�rsh��t. Alt�rn�tiv�ly, th� syst�m m�y b�c�m� s�tur�t��, un�bl� t� supply 

su		ici�nt c�rr�cti�n, ���ing t� th� imp�ct �	 th� )I” t�rm. 

 

�h�s� pr�bl�ms �ls� �ccur in )r�mp q s��k” situ�ti�ns wh�r� t�mp�r�tur� is incr��s�� gr��u�lly th�n 

h�l�. �r�cking � gr��u�l ch�ng� in s�tp�int c�n ch�ll�ng� VIR c�ntr�l syst�ms. 

 

Introduction to Fuzzy Logic for Control 

C�nv�nti�n�l c�mputing is b�s�� �n  ��l��n l�gic, m��ning �v�rything is r�pr�s�nt�� �s �ith�r z�r� �r 

�n�. In s�m� situ�ti�ns this l���s t� �v�rsimpli	ic�ti�n �n� in���Eu�t� r�sults. Fuzzy l�gic, �n� by 

�xt�nsi�n, 	uzzy c�ntr�l, s��ks t� ���l with c�mpl�xity by cr��ting h�uristics th�t �lign m�r� cl�s�ly with 

hum�n p�rc�pti�n �	 pr�bl�ms. 

 

Fuzzy l�gic pr�vi��s � w�y �	 ���ling with impr�cisi�n �n� n�nlin��rity in c�mpl�x c�ntr�l situ�ti�ns. 

Inputs �r� p�ss�� t� �n )in	�r�nc� �ngin�” wh�r� hum�n �r �xp�ri�nc��-b�s�� rul�s �r� �ppli�� t� 

pr��uc� �n �utput. 

 

)I3 )lus -daptive Fuzzy Logic 

�uning �	 VIR l��ps ��p�n�s �n h�uristics y�t �	t�n �n�s up b�ing sub-�ptim�l. Fuzzy l�gic pr�vi��s �n 

�lt�rn�tiv� t� �ppr��ch�s such �s (i�gl�r Iich�ls, �n� � gr�wing b��y �	 r�s��rch sugg�sts it yi�l�s 

sup�ri�r r�sults. �hus it w�ul� s��m �n i���l w�y t� c�ntr�l m�ny c�mpl�x pr�c�ss�s is with � VIR 

c�ntr�ll�r tun�� with 	uzzy l�gic. 

 

Qn� c�mm�rci�lly �v�il�bl� pr��uct inc�rp�r�ting such �n �ppr��ch is th� QS-GAr Vl�tinum S�ri�s �	 

t�mp�r�tur� �n� pr�c�ss c�ntr�ll�rs. �his 	�mily �	 c�mp�ct micr�pr�c�ss�rb�s�� VIR c�ntr�ll�rs, 

�v�il�bl� in thr�� RII siz�s, is ��sign�� t� b� ��sy t� s�t-up �n� us�. All c�mm�n th�rm�c�upl�s �n� 



 

 

/�Rs c�n b� c�nn�ct��, with th� syst�m �ut�m�tic�lly �n�bling �nly th� r�l�v�nt 	uncti�ns 	�r th� input 

typ� s�l�ct��. b�lt�g� �n� curr�nt inputs �r� �ls� �v�il�bl�, �ll�wing us� with �lm�st �ny �ngin��ring 

units. �h�s� c�ntr�ll�rs pr�vi�� � c�mpl�t� VIR s�luti�n, supp�rting c�mpl�x pr�gr�ms with up t� 1& 

/�mp q S��k s�Eu�nc�s. Aut� tun� is �v�il�bl� 	�r VIR �pplic�ti�ns with ���ptiv� 	uzzy l�gic t� h�lp �tt�in 

�ptim�l r�sults. 

 

-pplications 

Lnl�ss �p�n-l��p c�ntr�l is �cc�pt�bl�, �lm�st �v�ry pr�c�ss c�ntr�l �pplic�ti�n w�ul� b�n�	it 	r�m VIR 

c�ntr�l. In t�rms �	 t�mp�r�tur� c�ntr�l, g��� �x�mpl�s �r�5 

• ,��t tr��tm�nt �	 m�t�ls. )/�mp q S��k” s�Eu�nc�s n��� pr�cis� c�ntr�l t� �nsur� ��sir�� 

m�t�llurgic�l pr�p�rti�s �r� �chi�v��. 

• RryingY�v�p�r�ting s�lv�nts 	r�m p�int�� sur	�c�s. Qv�r-t�mp�r�tur� c�n�iti�ns c�n ��m�g� 

substr�t�s whil� l�w t�mp�r�tur�s c�n r�sult in pr��uct ��m�g� �n� p��r �pp��r�nc�. 

• Curing rubb�r. Vr�cis� t�mp�r�tur� c�ntr�l �nsur�s c�mpl�t� cur� is �chi�v�� with�ut ��v�rs�ly 

�		�cting m�t�ri�l pr�p�rti�s. 

•  �king. C�mm�rci�l �v�ns must 	�ll�w tightly pr�scrib�� h��ting �n� c��ling s�Eu�nc�s t� �nsur� 

th� n�c�ss�ry r��cti�ns t�k� pl�c�. 

• C�r�mics. C�ntinu�us kilns must ��liv�r high l�v�ls �	 h��t y�t �r� subF�ct t� v�rying th�rm�l l���s. 

�his m�k�s th�m �n i���l �pplic�ti�n 	�r VIR c�ntr�l. 

 
 

 



 

 

 
 

Fuzzy Controlled -nti-locP BraPing System 
St�pping � c�r in � hurry �n � slipp�ry r��� c�n b� v�ry ch�ll�nging. -nti-locP braPing systems ,-BS. t�k� 

� l�t �	 th� ch�ll�ng� �ut �	 this s�m�tim�s n�rv�-wr�cking �v�nt. In 	�ct, �n slipp�ry sur	�c�s, �v�n 

pr�	�ssi�n�l �riv�rs c�n't st�p �s Euickly with�ut A S �s �n �v�r�g� �riv�r c�n with A S. Anti-l�ck  r�k� 

impr�v�s th� c�ntr�ll�bility �	 v�hicl�s in c�mp�r� with br�k� syst�ms l�cking A S. Fuzzy �r� � multi-

v�lu�� l�gic ��v�l�p�� t� ���l with impr�cis� �r v�gu� ��t�. Cl�ssic�l l�gic h�l�s th�t �v�rything c�n b� 

�xpr�ss�� in bin�ry t�rms5 " �r 1H in t�rms �	  ��l��n �lg�br�, �v�rything is in �n� s�t �r �n�th�r but n�t 

in b�th. Fuzzy l�gic �ll�ws 	�r p�rti�l m�mb�rship in � s�t, v�lu�s b�tw��n " �n� 1. Kh�n th� 

�ppr�xim�t� r��s�ning �	 	uzzy l�gic is us�� with �n �xp�rt syst�m, l�gic�l in	�r�nc�s c�n b� �r�wn 	r�m 

impr�cis� r�l�ti�nships.  

 

Fuzzy �nti-l�ck  r�king syst�ms w�r� ��v�l�p�� t� r��uc� ski��ing �n� m�int�in st��ring c�ntr�l wh�n 

br�k�s �r� us�� in �n �m�rg�ncy situ�ti�n. Fuzzy c�ntr�ll�rs �r� p�t�nti�l c�n�i��t�s 	�r th� c�ntr�l �	 

n�n-lin��r, tim� v�ri�nt �n� c�mplic�t�� syst�ms. �h�r� �r� m�ny c�ntr�l �lg�rithms 	�r A S syst�ms �n� 

th�y �r� p�rti�lly r�sp�nsibl� 	�r th�ir p�r	�rm�nc�.  

 

Fuzzy l�gic, � m�r� g�n�r�liz�� ��t� s�t, �ll�ws 	�r � )cl�ss” with c�ntinu�us m�mb�rship gr���ti�ns. It is 

rig�r�usly structur�� in m�th�m�tics. Qn� ��v�nt�g� is th� �bility t� ��scrib� syst�ms linguistic�lly 

thr�ugh rul� st�t�m�nts.  

 

FUQQIFIC-TI+   

�h� 	uzzy c�ntr�ll�r t�k�s input v�lu�s 	r�m r��l w�rl�. �h�s� v�lu�s r�	�rr�� t� �s )crisp” v�lu�s. Sinc� 

th�y �r� r�pr�s�nt�� �s singl� numb�r, n�t � 	uzzy �n�. In �r��r 	�r th� 	uzzy c�ntr�ll�r t� un��rst�n� th� 

input, th� crisp input h�s t� b� c�nv�rt�� t� � 	uzzy numb�r. �his pr�c�ss is c�ll�� 	uzzi	ic�ti�n.  

 

3EFUQQIFIC-TI+   

It is th� pr�c�ss �	 pr��ucing � Eu�nti	i�bl� r�sult in 	uzzy l�gic. �ypic�lly, � 	uzzy syst�m will h�v� � 

numb�r �	 rul�s th�t tr�ns	�rm � numb�r �	 v�ri�bl�s int� � )Fuzzy” r�sult, th�t is r�sult is ��scrib�� in 

t�rms �	 m�mb�rship in 	uzzy s�t. Simpl�st but l��st us�	ul ��	uzzi	ic�ti�n m�th�� is t� ch��s� th� s�t 

with high�st m�mb�rship.Qnc� �ll th� rul�s �r� �v�lu�t��, th�ir �utput �r� c�mbin�� in �r��r t� pr�vi�� 

� singl� v�lu� th�t will b� 	uzzi	i��.  

 

FUQQZ C+ TR+L  

A 	uzzy c�ntr�l syst�m is � r��l-tim� �xp�rt syst�m, impl�m�nting � p�rt �	 hum�n �p�r�t�r’s which ���s 

n�t l�n� its�l	 t� b�ing ��sily �xpr�ss�� in VIR- p�r�m�t�rs �r �i		�r�nti�l �Eu�ti�ns but r�th�r in 

situ�ti�nY�cti�n rul�s. Fuzzy c�ntr�l h�s b��n s� succ�ss	ul in �r��s wh�r� cl�ssic�l c�ntr�l th��ry h�s 

b��n ��min�nt 	�r s� m�ny y��rs. It �i		�rs 	r�m cl�ssic�l c�ntr�l th��ry in s�v�r�l �sp�cts. Qn� m�in 



 

 

	��tur� �	 	uzzy c�ntr�l syst�m is th�ir �xist�nc� �t tw� �istinct l�v�ls5 First, th�r� �r� symb�lic i	- th�n 

rul�s �n� Eu�lit�tiv�, 	uzzy v�ri�bl�s �n� v�lu�s such �s  

“If pressure is high and slightly increasing then energy supply is medium negative_  

,�r� Gslightly incr��sing’ �n� Gpr�ssur� is high’ �r� 	uzzy v�lu�s �n� G�n�’ is � 	uzzy �p�r�t�r. �h� IF p�rt is 

c�ll�� th� HantecedentH �n� th� �,-I p�rt is c�ll�� th� HconsequentH?  

 

Fuzzy control �ims �t r�pl�cing �i		�r�nti�l �Eu�ti�n b�s�� t�chniEu�s �n� s�lving th� wh�l� pr�bl�m 

with �rti	ici�l int�llig�nc� m�th��s. Qn� w�y t� c�mbin� 	uzzy �n� VIR- c�ntr�l is t� us� � lin��r VIR 

syst�m �r�un� th� s�t-p�int, wh�r� it ���s its F�b, �n� t� G��lin��riz�’ th� syst�m in �th�r �r��s by 

��scribing th� ��sir�� b�h�vi�r �r c�ntr�l str�t�gy with 	uzzy rul�s. Fuzzy c�ntr�ll�rs �r� v�ry simpl� 

c�nc�ptu�lly. �h�y c�nsist �	- 

• �n input st�g�, 

• � pr�c�ssing st�g� �n� 

• �n �utput st�g� 

 

�h� input st�g� m�ps s�ns�r �r �th�r inputs, such �s switch�s, thumbwh��ls, �n� s� �n, t� th� 

�ppr�pri�t� m�mb�rship 	uncti�ns �n� truth v�lu�s. �h� pr�c�ssing st�g� inv�k�s ��ch �ppr�pri�t� rul� 

�n� g�n�r�t�s � r�sult 	�r ��ch, th�n c�mbin�s th� r�sults �	 th� rul�s. Fin�lly, th� �utput st�g� c�nv�rts 

th� c�mbin�� r�sult b�ck int� � sp�ci	ic c�ntr�l �utput v�lu�.  

 

�ypic�l 	uzzy c�ntr�l syst�ms h�v� ��z�ns �	 rul�s. �h�r� �r� s�v�r�l �i		�r�nt w�ys t� ��	in� th� r�sult �	 

� rul�, but �n� �	 th� m�st c�mm�n �n� simpl�st is th� cm�x-minc in	�r�nc� m�th��, in which th� �utput 

m�mb�rship 	uncti�n is giv�n th� truth v�lu� g�n�r�t�� by th� pr�mis�. /ul�s c�n b� s�lv�� in p�r�ll�l in 

h�r�w�r�, �r s�Eu�nti�lly in s�	tw�r�. �h� r�sults �	 �ll th� rul�s th�t h�v� 	ir�� �r� c��	uzzi	i��c t� � 

crisp v�lu� by �n� �	 s�v�r�l m�th��s. �h� cc�ntr�i�c m�th�� is v�ry p�pul�r, in which th� cc�nt�r �	 

m�ssc �	 th� r�sult pr�vi��s th� crisp v�lu�. An�th�r �ppr��ch is th� ch�ightc m�th��, which t�k�s th� 

v�lu� �	 th� bigg�st c�ntribut�r. �h� c�ntr�i� m�th�� 	�v�rs th� rul� with th� �utput �	 gr��t�st �r��, 

whil� th� h�ight m�th�� �bvi�usly 	�v�rs th� rul� with th� gr��t�st �utput v�lu�.  

 

-nti-LocP BraPing System  

Anti-L�ck  r�king Syst�m is � s�	�ty syst�m �n �ut�m�bil�s which pr�v�nts wh��ls 	r�m l�cking whil� 

br�king. It is �ls� kn�wn �s CA -C�ntr�ll�r Anti- L�ck  r�k�. A S is impl�m�nt�� in �ut�m�bil�s t� �nsur� 

�ptim�l v�hicl� c�ntr�l �n� minim�l st�pping �ist�nc�s �uring h�r� �r �m�rg�ncy br�king. �h� th��ry 

b�hin� �nti- l�ck br�k�s is simpl�. A ski��ing wh��l 6wh�r� th� tir� c�nt�ct p�tch is sli�ing r�l�tiv� t� th� 

r���7 h�s l�ss tr�cti�n th�n � n�n-ski��ing wh��l. A S �r� n�n-lin��r �n� �yn�mic in n�tur�. A S is n�w 

�cc�pt�� �s �n �ss�nti�l c�ntributi�n t� v�hicl� s�	�ty. �h� m�th��s �	 c�ntr�l utiliz�� by A S �r� 

r�sp�nsibl� 	�r syst�m p�r	�rm�nc�. 

 

 C+M)+ E TS +F -BS  

�h�r� �r� 	�ur m�in c�mp�n�nts in A S. �h�y �r� 

� Kh��l sp��� s�ns�rs 

� -l�ctr�nic C�ntr�ll�r Lnits 6-CL’s7 

� ,y�r�ulic v�lv�s 

� Vumps 

 

�h� �nti-l�ck br�king syst�m n���s s�m� w�y �	 kn�wing wh�n � wheel is �b�ut t� l�ck up. �h� wh��l 

sp��� s�ns�rs, which �r� l�c�t�� �t ��ch wh��l pr�vi��s this in	�rm�ti�n.  

�h� ECU c�nst�ntly m�nit�rs th� r�t�ti�n�l sp��� �	 ��ch wh��l �n� c�ntr�ls th� v�lv�s. Kh��l sp��� 

s�ns�rs tr�nsmit puls�s t� th� -CL with � 	r�Eu�ncy pr�p�rti�n�l t� wh��l sp���. �h� -CL th�n pr�c�ss�s 

this in	�rm�ti�n �n� r�gul�t�s th� br�k� �cc�r�ingly.  



 

 

�h�r� is � valve in th� br�k� lin� �	 ��ch br�k� c�ntr�ll�� by th� A S. Qn s�m� syst�ms, th� v�lv� h�s 

thr�� p�siti�ns5  

• In p�siti�n �n�, th� v�lv� is �p�nH pr�ssur� 	r�m th� m�st�r cylin��r is p�ss�� right thr�ugh t� th� 

br�k�.  

• In p�siti�n tw�, th� v�lv� bl�cks th� lin�, is�l�ting th�t br�k� 	r�m th� m�st�r cylin��r. �his 

pr�v�nts th� pr�ssur� 	r�m rising 	urth�r sh�ul� �riv�r push th� br�k� p���l h�r��r.  

• In p�siti�n thr��, th� v�lv� r�l��s�s s�m� �	 th� pr�ssur� 	r�m th� br�k�. Sinc� th� v�lv� is �bl� t� 

r�l��s� pr�ssur� 	r�m th� br�k�s, th�r� h�s t� b� s�m� w�y t� put th�t pr�ssur� b�ck. S� wh�n � 

v�lv� r��uc�s th� pr�ssur� in � lin�, th� pump is th�r� t� g�t th� pr�ssur� b�ck up. A S 

signi	ic�ntly impr�v�s s�	�ty �n� c�ntr�l 	�r �riv�rs in m�st �n-r��� situ�ti�ns.  

 

FUQQZ C+ TR+L +F -BS  

Fuzzy c�ntr�ll�rs �r� p�t�nti�l c�n�i��t�s 	�r th� c�ntr�l �	 n�n-lin��r, tim� v�ri�nt �n� c�mplic�t�� 

syst�ms. A S which is � n�n-lin��r syst�m m�y n�t b� ��sily c�ntr�ll�� by cl�ssic�l c�ntr�l m�th��s. An 

int�llig�nt 	uzzy c�ntr�l m�th�� is v�ry us�	ul 	�r this kin� �	 n�n lin��r syst�m. An int�llig�nt 	uzzy A S 

c�ntr�ll�r c�n ��Fust th� slipping p�r	�rm�nc� 	�r v�ri�ty �	 r���s. �h� m�in �is��v�nt�g� �	 �r�in�ry 

br�k�s is th�t � �riv�r c�nn�t pr�cis�ly c�ntr�l th� br�k� t�rEu� �ppli�� t� th� br�k�. S�r��v�r, �s th� 

�riv�r ���s n�t h�v� �n�ugh in	�rm�ti�n �	 r��� c�n�iti�n, h� m�y c�us� l�cking �	 wh��ls by �pplying 

�xtr� pr�ssur� �n br�k� p���l. Anti-l�ck  r�k� impr�v�s th� c�ntr�ll�bility �	 v�hicl�s in c�mp�r� with 

br�k� syst�ms l�cking A S.  

Kh�n � v�hicl� �cc�l�r�t�s �r br�k�s, th� tr�ctiv� 	�rc� Ft	 �n� Ftr ��v�l�p�� by 	r�nt �n� r��r tyr�, 

r�sp�ctiv�ly �r� pr�p�rti�n�l t� th� n�rm�l 	�rc�s �	 th� r��� �cting �n th� tyr�. �h� c��		ici�nt �	 

pr�p�rti�n�lity mu, is c�ll�� r��� c��		ici�nt �	 ��h�si�n �n� it v�ri�s ��p�n�ing �n r��� sur	�c� typ�.  

 

 
�h� wh��l slip, ��n�t�� by lb, is th� r�ti� �	 �i		�r�nc� b�tw��n th� v�l�city �	 v�hicl� �n� th� 

tr�nsl�ti�n�l v�l�city �	 wh��l t� th� v�l�city �	 v�hicl�. �h� g��l �	 th� A S is t� h�l� ��ch tyr� �	 th� 

v�hicl� �p�r�ting n��r th� p��k �	 mu-lb curv� 	�r th�t tyr�, which impli�s th� p�r	�rm�nc� �	 A S is 

str�ngly r�l�t�� t� th� sur	�c� c�n�iti�n.  

 

W+RKI G +F FUQQZ -BS  

�h�r� �r� m�ny �i		�r�nt v�ri�ti�ns �n� c�ntr�l �lg�rithms 	�r A S syst�ms. C�ntr�l �lg�rithm is p�rti�lly 

r�sp�nsibl� 	�r A S p�r	�rm�nc�. �h� c�ntr�ll�r m�nit�rs th� sp��� s�ns�rs �t �ll tim�s. It is l��king 	�r 

��c�l�r�ti�ns in th� wh��l th�t �r� �ut �	 th� �r�in�ry. /ight b�	�r� � wh��l l�cks up, it will �xp�ri�nc� � 

r�pi� ��c�l�r�ti�n. I	 l�	t unch�ck��, th� wh��l w�ul� st�p much m�r� Euickly th�n �ny c�r c�ul�. It 

might t�k� � c�r 	iv� s�c�n�s t� st�p 	r�m &" mph 69&.& kmph7 un��r i���l c�n�iti�ns, but � wh��l th�t 

l�cks up c�ul� st�p spinning in l�ss th�n � s�c�n�. �h� A S c�ntr�ll�r kn�ws th�t such � r�pi� 

��c�l�r�ti�n is imp�ssibl�, s� it r��uc�s th� pr�ssur� t� th�t br�k� until it s��s �n �cc�l�r�ti�n, th�n it 

incr��s�s th� pr�ssur� until it s��s th� ��c�l�r�ti�n �g�in. It c�n �� this v�ry Euickly, b�	�r� th� tyr� c�n 

�ctu�lly signi	ic�ntly ch�ng� sp���. �h� r�sult is th�t th� tyr� sl�ws ��wn �t th� s�m� r�t� �s th� c�r, with 

th� br�k�s k��ping th� tyr�s v�ry n��r th� p�int �t which th�y will st�rt t� l�ck up. �his giv�s th� syst�m 



 

 

m�ximum br�king p�w�r. Fuzzy A S r�Euir� m�r� c�mpl�x c�ntr�l c�nstructs th�n simpl� )i	-th�n” rul�s. 

In )i	-th�n” rul�s, input v�ri�bl�s m�rks �ir�ctly t� th� �utput v�ri�bl�s. It is p�ssibl� t� buil� � c�ntr�l 

with int�rm��i�t� 	uzzy v�ri�bl�s. Qn� such rul� using 	uzzy v�ri�bl�s is �s 	�ll�ws5  

“If the rear wheels are turning slowly and a short time ago the vehicle speed was high then reduces rear 

brake pressure”  

When the ABS system is in operation a pulsing in the brake pedal is experienced; this comes from the 

rapid opening and closing of the valves. Some ABS systems can cycle up to 15 times per second. The figure 

below describes the working of ABS. 

 

 
Electronic stability control  

Modern Electronic Stability Control (ESC or ESP) systems are an evolution of the ABS concept. Here, a 

minimum of two additional sensors are added to help the system work: these are a steering wheel angle 

sensor, and a gyroscopic sensor. The theory of operation is simple: when the gyroscopic sensor detects 

that the direction taken by the car does not coincide with what the steering wheel sensor reports, the ESC 

software will brake the necessary individual wheel(s), so that the vehicle goes the way the driver intends. 

The rule governing ESC is  

“If steering wheel sensor reports are not equal to gyroscopic sensor reports then brake the necessary 

individual wheel”  

BLOCK DIAGRAM OF FUZZY ABS 

 



 

 

-nti-LocP BraPe Types  

Anti-lock braking systems use different schemes depending on the type of brakes in use.  

 

Four-channel9 four-sensor -BS –  

This is the best scheme. There is a speed sensor on all four wheels and a separate valve for all four 

wheels. With this setup, the controller monitors each wheel individually to make sure it is achieving 

maximum braking force.  

 

Three-channel9 three-sensor -BS a  

This scheme, commonly found on pickup trucks with four-wheel ABS, has a speed sensor and a valve for 

each of the front wheels, with one valve and one sensor for both rear wheels. The speed sensor for the 

rear wheels is located in the rear axle. This system provides individual control of the front wheels, so they 

can both achieve maximum braking force. 

 

+ne-channel9 one-sensor -BS - This system is commonly found on pickup trucks with rear-wheel ABS. It 

has one valve, which controls both rear wheels, and one speed sensor, located in the rear axle.  

 

Benefits of fuzzy -BSb 

• Automobiles can be stopped faster and the distance of braking is reduced. 

• Steering is possible while braking. 

 

 C+ CLUSI+   

Fuzzy ABS has reduced the percentage of road crashes by a considerable amount. Experts predict that 

35% to 50% of all cars built worldwide in five years will have ABS as standard equipment. Though it has 

many advantages, there are few disadvantages such as increased braking distance in snow/icy regions at 

present. These drawbacks can be overcome in future by fuzzy controlled ABS.  

 

Fuzzy Logic - -pplications 

-erospace 

In aerospace, fuzzy logic is used in the following areas − 

• Altitude control of spacecraft 

• Satellite altitude control 

• Flow and mixture regulation in aircraft deicing vehicles 

 

-utomotive 

In automotive, fuzzy logic is used in the following areas − 

• Trainable fuzzy systems for idle speed control 

• Shift scheduling method for automatic transmission 

• Intelligent highway systems 

• Traffic control 

• Improving efficiency of automatic transmissions 

 

Business 

In business, fuzzy logic is used in the following areas − 

• Decision-making support systems 

• Personnel evaluation in a large company 

 

3efense 

In defense, fuzzy logic is used in the following areas − 

• Underwater target recognition 



 

 

• Automatic target recognition of thermal infrared images 

• Naval decision support aids 

• Control of a hypervelocity interceptor 

• Fuzzy set modeling of NATO decision making 

 

Electronics 

In electronics, fuzzy logic is used in the following areas − 

• Control of automatic exposure in video cameras 

• Humidity in a clean room 

• Air conditioning systems 

• Washing machine timing 

• Microwave ovens 

• Vacuum cleaners 

 

Finance 

In the finance field, fuzzy logic is used in the following areas − 

• Banknote transfer control 

• Fund management 

• Stock market predictions 

 

Industrial Sector 

In industrial, fuzzy logic is used in following areas − 

• Cement kiln controls heat exchanger control 

• Activated sludge wastewater treatment process control 

• Water purification plant control 

• Quantitative pattern analysis for industrial quality assurance 

• Control of constraint satisfaction problems in structural design 

• Control of water purification plants 

 

Manufacturing 

In the manufacturing industry, fuzzy logic is used in following areas − 

• Optimization of cheese production 

• Optimization of milk production 

 

Marine 

In the marine field, fuzzy logic is used in the following areas − 

• Autopilot for ships 

• Optimal route selection 

• Control of autonomous underwater vehicles 

• Ship steering 

 

Medical 

In the medical field, fuzzy logic is used in the following areas − 

• Medical diagnostic support system 

• Control of arterial pressure during anesthesia 

• Multivariable control of anesthesia 

• Modeling of neuropathological findings in Alzheimer's patients 

• Radiology diagnoses 

• Fuzzy inference diagnosis of diabetes and prostate cancer 

 



 

 

Securities 

In securities, fuzzy logic is used in following areas − 

• Decision systems for securities trading 

• Various security appliances 

 

Transportation 

In transportation, fuzzy logic is used in the following areas − 

• Automatic underground train operation 

• Train schedule control 

• Railway acceleration 

• Braking and stopping 

 

)attern Recognition and Classification 

In Pattern Recognition and Classification, fuzzy logic is used in the following areas − 

• Fuzzy logic based speech recognition 

• Fuzzy logic based 

• Handwriting recognition 

• Fuzzy logic based facial characteristic analysis 

• Command analysis 

• Fuzzy image search 

 

)sychology 

In Psychology, fuzzy logic is used in following areas − 

• Fuzzy logic based analysis of human behavior 

• Criminal investigation and prevention based on fuzzy logic reasoning 

 

 


