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Abstract: - Type-1 Fuzzy Logic Systems (FLS’s) have been successfully applied to many fields. However, research has 

shown that the ability of type-1 fuzzy sets to model and minimize the effect of uncertainties is limited. A reason may be that 

a type-1 fuzzy set is certain in the sense that for each input, there is a crisp membership grade.The concept of type-2 fuzzy 

sets was proposed by Zadeh in 1975 to overcome this limitation. The uncertainties in the shape and position of a type-2 set is 

modelled by a blurmembership function (MF) called the footprint of uncertainty (FOU). A type-2 FLS is an entity that 

characterizes its input or output domains with one or more type-2 fuzzy sets. Compared to type-1 FLSs, Type-2 FLSs 

haveextra mathematical dimensions and they are useful in circumstances where it isdifficult to determine an exact MF for a 

fuzzy set. They can, therefore, better handle uncertainties and have the potential to outperform their type-1 counterparts.This 

paper aims at providing insights into the fundamental of type-2 Fuzzy Logic Systems. 

 
 

I. INTRODUCTION 

 

Our knowledge of many problems may be classified into two categories: 1) Objective knowledge and 2) 

Subjective knowledge. The former are sensorymeasurements and mathematical models that are derived 

according to physicallaws. i.e. the transfer function of a system. The latter comes from human expertswho 

describe their knowledge about the system in natural languages [1]. It represents linguistic information that may 

be impossible to quantify using traditionalmathematics. e.g. the operation rule for a chemical process : 

IF  

water level is low,  

THEN 

open the valve a little. 

 

Both types of knowledge are useful for solving practical problems. Fuzzy logic,originally proposed by 

LotifZadeh in 1965 [3], is a way to coordinate the two classesof knowledge. It emulates a human’s ability to 

reason and solve problems usingimpreciseinformation. Its underlying modes of reasoning areapproximate. 

Thisleads to the concept of fuzzy logic system (FLS). FLSs are knowledge-basedsystems consisting of linguistic 

“IF-THEN” rules that can be constructed usingthe knowledge of experts in the given field of interest. 

Navigation of autonomous mobile robots in dynamic and unknown environments needs to take into account 

differentkinds of uncertainties. Type-1 fuzzy logic research has beenlargely used in the control of mobile robots. 

However,Type-1 fuzzy control presents limitations in handling those uncertainties as it uses precise fuzzy sets. 

Indeed Type-1fuzzy sets cannot deal with linguistic and numerical uncertainties associated with either the 

mechanical aspect of robots,or with dynamic changing environment or with knowledge used in the phase of 

conception of a fuzzy system. Recentlymany researchers have applied Type-2 fuzzy logic to improve 

performance. As control using type-2 fuzzy sets representsa new generation of fuzzy controllers in mobile 

robotic issue. 

 

II. TYPE-1 FUZZY LOGIC SYSTEM 

 

Type-1 fuzzy set is a generalization of the crisp set, whose membership gradescan only be 0 or 1. A fuzzy set A 

is defined on a universe of discourse Xand is characterized by a membership grade µA(x) that takes on values 

in the interval[0, 1]. When X is continuous, A is commonly written as: 

 
Here ʃ  does not denote integration; it denotes the collection of all points x ∈ X, with associated membership 

grade µA(x). 

A Type-1 FLS is constructed completely by Type-1 fuzzy sets. It contains fourcomponents—rule base, fuzzifier, 

inference engine and defuzzifier, as shown inFigure 1. 
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Figure 1: A Type-1 Fuzzy Logic System 

 

The rule base is a collection of IF-THENstatements.The IF-partof a rule is its antecedent, and the THEN-part is 

its consequent. Fuzzy setsare associated with terms that appear in the antecedents or consequents of rules,and 

with the inputs to and output of the FLS. They are called membershipfunctions (MFs), which provide a measure 

of the degree of similarity of anelement to the fuzzy set. For Type-1 fuzzy sets, the MFs are totally certain.The 

fuzzifier performs a mapping from the crisp input x = (x1………….,xp) intofuzzy sets in U. In the fuzzy 

inference engine, fuzzy logic principles are used tocombine the fuzzy IF-THEN rules in the fuzzy rule base into 

a mapping from thefuzzy sets in U to fuzzy sets in V. The defuzzifier performs a mapping from fuzzysets in V 

to a crisp output y ∈ V. 

 

III. TYPE-2 FUZZY LOGIC SYSTEM 

 

Type-2 fuzzy logic,introduced by Zadeh, has thepotentialtohandle dynamic uncertainties ofunstructured 

environments[2],[3].Type-2 FLC usesadditionaldimensionof uncertainty,where the fuzzy membership degrees 

are themselves fuzzy. Todeal  with  the  increased  computational  burden,  Mendel  et  al.introduced  the  

Interval  T2  (IT2)  fuzzy  systems  [4], [5].Several  researchers  worked  in  recent  years  towardsdemonstrating  

advantageous  properties  of  the  IT2  FLC  overthe  Type-1 counterparts.   

Figure 2 shows the schematic diagram of a Type-2 FLS. It is similar to its Type-1 counterpart, the major 

difference being that at least one of the fuzzy sets in therule base is Type-2. Hence, the outputs of the inference 

engine are Type-2 sets and atype-reducer is needed to convert them into a Type-1 set before defuzzification. 

 

 
Figure 2.A Type-2 FLS 

 

The Interval Type-2 FLS works as follows [4], [7], [8]: the crisp inputs from the input  sensors  are  first  

fuzzified  into  input  Type-2  fuzzy  sets;  singleton  fuzzification  isusually used in Interval Type-2 FLS 

applications due to its simplicity and suitability forembedded processors and real time applications. The input 

Type-2 fuzzy sets then activate theinference engine and the rule base to produce outputType-2 fuzzy sets. 

TheType-2 FLS rule base remains the same as for the Type-1 FLS but its Membership Functions (MFs) are 

represented by Interval Type-2 fuzzy sets instead of Type-1 fuzzy sets.The inference engine combines the fired 

rules and gives a mapping from input Type-2fuzzy setsto output Type-2 fuzzysets.  The Type-2  fuzzy  output  

sets  of  the  inferenceengine  are  then  processed  by  the  type-reducer  which  combines  the  output  sets  

andperforms  a  centroid  calculation  which  leads  to  Type-1  fuzzy  sets  called  the  typereduced sets. There 

are different types of type-reduction methods. Mainly the Centre of Sets type-reduction is used [4], [6], [7]. 

After the type-reduction process, the type-reduced sets are defuzzified (by taking the average of the type-

reduced set) to obtain crisp outputs that aresent to the actuators 

 

 

IV. CONCLUSION: 

The paper presents an introduction to the Type-1 fuzzy logic system and Type-2 fuzzy logic system.The Type-2 

fuzzy logic can be used in applications where Type-1 does not provide accurate result. The fuzzy logic Type-2 

consider more ambiguous data and provide more accurate result as compare to Type-1 fuzzy logic system.  
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