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Concepts Covered:

 Applications of Fuzzy Sets

 Fuzzy Logic Controller/Fuzzy Reasoning Tool

 Fuzzy Clustering



Applications of Fuzzy Sets

•Reasoning tool like Fuzzy Logic Controller

•Fuzzy Clustering

•Fuzzy Mathematical Programming

•Fuzzy Graph theory

•Others



Fuzzy Logic Controller (FLC)

•Developed by Mamdani and Assilian around 1975

•Performance depends on Knowledge Base (KB),
which consists of Data Base (DB) and Rule Base
(RB)

•The performance of an FLC largely depends on the
RB and optimizing the DB is a fine tuning process



Two Forms of FLC

•Linguistic Fuzzy Modeling: High interpretability
and Low accuracy.

Ex: Mamdani Approach

•Precise Fuzzy Modeling: Low interpretability
and High accuracy.

Ex: Takagi and Sugeno’s Approach



Mamdani Approach
•An FLC consists of four modules: Rule Base; Inference Engine;
Fuzzification; De-fuzzification



Steps Involved in the Working Cycle of FLC

•Identify the condition ( also known as antecedent ) and
action (also called consequent) variables of the process

•Fuzzification: Measurements of input variables are
converted into appropriate fuzzy sets to express
measurement uncertainties



•Inference Engine uses fuzzified measurements to
evaluate the control rules stored in the fuzzy rule base

•De-fuzzification: Fuzzified output is then converted
into a single crisp value



Fuzzy Reasoning Process
Rule1: IF S1 is A1 AND S2 is B1 THEN f’ is C1
Rule2: IF S1 is A2 AND S2 is B2 THEN f’  is C2 



Let S1
* and S2

* are the inputs for fuzzy variables S1 and
S2

Firing strengths of the first and second rules can be
calculated as follows:
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Membership value of the combined control action
C is given by
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De-fuzzification Methods
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• Center of Sums Method



Methods of De-fuzzificztion
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From the membership function distribution of
combined control action, the range of the output
variable corresponding to the maximum value of
membership is identified. The mid-value of this
range is considered to be the crisp output of the
controller.

• Mean of Maxima  Method



Numerical example (Mamdani Approach)





The data base (DB) and rule base (RB) of the FLC are shown below.



The image part with relationship ID rId3 was not found in the file.



Solution:
The image part with relationship ID rId3 was not found in the file.

The image part with relationship ID rId6 was not found in the file.



The image part with relationship ID rId3 was not found in the file.



The image part with relationship ID rId3 was not found in the file.



Fuzzified outputs:



•Union of the fuzzified outputs:



Methods of Defuzzification
1. Center of Sums Method
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2. Centroid Method
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3. Mean of Maxima

0=U



•A rule is composed of fuzzy antecedent and
functional consequent parts

• i-th rule can be represented as follows:

If x1is Ai
1 and x2 is Ai

2 ….. and xn is Ai
n then

yi=ai
0+ai

1 x1+……….+ai
n xn

Takagi and Sugeno’s Approach



where a0, a1, …….., an are the coefficients

• A non-linear system is considered to be a
combination of several linear systems

•Weight of i-th rule can be determined as
follows:

wi = μi
A1(x1) μi

A2(x2)……… μi
An(xn)



• Combined control action can be determined as
follows:

where k indicates the total number of rules.
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Numerical example (Takagi and 
Sugeno’s Approach
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Solution:



•Using the principle of similar triangle
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Fired Set of Inputs



Weights



Functional consequent values
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