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Fuzzy Perspective
• Rules Contrain MS functions
• Consequent MS function can be simplified
• Variable space (i.e., error) à partitions

• Within each partition, output variable:
• linear functions of the inputs
• Nonlinear functions…
• Not a MS function



Review Fuzzy Models

If <antecedence> then <consequence>.



Fuzzification DefuzzificationInferencing

Input Output

Basic Configuration of a Fuzzy Logic 
System

Target

Error =Target -Output



Types of Rules
Mamdani Model

R1: If x is A1 and y is B1 then z is C1

R2: If x is A2 and y is B2 then z is C2

Ai , Bi and Ci, are fuzzy sets defined on the universes of x, y, z respectively

Takagi-Sugeno Model

R1: If x is A1 and y is B1 then z =f1(x,y)

R1: If x is A2 and y is B2 then z =f2(x,y)

For example: fi(x,y)=aix+biy+ci



Mamdani Fuzzy Models



The Reasoning Scheme

Both antecedent and consequent are fuzzy



Defuzzifier

• Converts the fuzzy output of the inference engine to crisp 
using membership functions analogous to the ones used 
by the fuzzifier.

• Five commonly used defuzzifying methods:
• Centroid of area (COA)
• Bisector of area (BOA)
• Mean of maximum (MOM)

• Smallest of maximum (SOM)
• Largest of maximum (LOM)

Since consequent is fuzzy, it has to be defuzzified



Defuzzifier



Takagi-Sugeno (TSK) Fuzzy Models



If x is A and y is B then z = f(x, y)

Fuzzy Rules of TSK Model

Fuzzy Sets Crisp Function
f(x, y) is very often a polynomial 

function w.r.t. x and y.

The order of a Takagi-Sugeno type fuzzy 
inference system = the order of the 
polynomial used.

While antecedent is fuzzy, consequent is crisp

The over all aggregated output will be obtained via Weighted Average Defuzzification Method



The Reasoning Scheme



• i-th rule can be represented
Ri: 𝑥! 𝑖𝑠 𝐴" 𝑎𝑛𝑑 𝑥# 𝑖𝑠 𝐵" …𝑎𝑛𝑑 𝑥$ 𝑖𝑠 𝐾" 𝑡ℎ𝑒𝑛

𝑧" = 𝑎%" + 𝑎!" 𝑥! +⋯+ 𝑎$" 𝑥$
• Weight of the i-th rule is

𝑤" = 𝜇&" 𝑥! × 𝜇'" 𝑥# ×⋯×𝜇(" 𝑥$
• Combined control action

𝑥⋆ = ∑!"#
$ +!,!

∑!"#
$ +!

Fuzzy Rules of TSK Model



Example
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R: if (x is µA(x)) then z = p0 + p1 x

𝑧! = 𝑝% + 𝑝!𝑥!
𝑧# = 𝑝% + 𝑝!𝑥#

𝑝! =
,#-,%
.#-.%

, 𝑝% = 𝑧! −
,#-,%
.#-.%

Fuzzy Rules of TSK Model



Mamdani or Sugeno


