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Geometric modelling is a method of data representation illustrated through the formation of 

curves and surfaces in various forms. The construction of curves and surfaces is complicated when it 

comes to data that has complex uncertainty characteristics. Type-1 Fuzzy Set Theory (T1FST) is 

unable to define this complex uncertainty problem. To overcome this problem, Type-2 Fuzzy Set 

Theory (T2FST) is used due to its ability to define a higher level of uncertainty problem. In certain 

cases, both uncertainty and complex uncertainty data occur when there is a combination of degrees 

of ambiguity in a collection of data sets that would be modelled through the representation of curves 

and surfaces. Therefore, this paper will review some significant reason for implementation of T1FST 

and T2FST in geometric modelling. A review on type-1 and type-2 in fuzzy geometric modelling is 

also presented. 
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I. INTRODUCTION 

 

Geometric modelling deals with the 

construction and representation of free-form 

curves and surfaces. Research in this field is 

very useful because it can be applied to 

various forms of real-life data. However, 

errors or limitations in data collection may 

occur due to tools, human error, 

environmental factors and so forth. These 

kinds of data have uncertainty characteristics 

which cannot be used directly to form curves 

and surfaces model. To ensure that 

uncertainty data is usable, these data can be 

defined by T1FST. T1FST is introduced by 

Zadeh in 1965, which became the basic 

theory in solving uncertainty problems 

(Zadeh, 1965). From T1FST, Type-1 Fuzzy 

Number (T1FN) concept is established to 

solve the uncertainty data in the real number 

form. Thus, this finding becomes a basic 

solution in modelling uncertainty data and 

there are few studies on type-1 fuzzy 

geometric modelling has been conducted 

where B-spline, Bezier and NURBS functions 

are mostly used to produce geometric models 

(Abd. Fatah et al., 2004; Abd. Fatah et al., 

2009; Abd. Fatah et al., 2010; Rozaimi & 

Abd. Fatah, 2014). 
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However, T1FST is unable to define 

on a higher level of uncertainty problem 

which known as complex uncertainty. 

Therefore, in 1975, Zadeh proposed T2FST 

which can define the complex uncertainty 

problem (Zadeh, 1975). Although Zadeh has 

introduced T2FST, Mendel and John come 

with an easy approach to understanding 

T2FST concept (Mendel & John, 2002). Since 

that, T2FST has been widely discussed by 

many researchers (Rozaimi & Abd. Fatah, 

2013; Rozaimi et al., 2013a; 2013b; 2013c). 

Some previous studies only focused on type-1 

fuzzy models or type-2 fuzzy models which 

implement in real life data to form curves or 

surfaces (Gallo et al., 2000; Anile et al., 2000; 

Rozaimi & Abd. Fatah, 2012; Rozaimi et al., 

2014; Adesah et al., 2017). Meanwhile, other 

researchers focusing on developing theories 

of fuzzy number such as Abd. Fatah and 

Rozaimi (2013a; 2013b) which developed 

eight theorems involving normal and 

perfectly normal type-2 triangular fuzzy 

number.  

However, the case studies when both 

sets of data uncertainties and complex 

uncertainties in a database have not been 

done yet. Therefore, both the T1FST and 

T2FST should be used to ensure that 

uncertainty and complex uncertainty data 

can be modeled. 

 

II. PRELIMINARIES 

Fuzzy set theory introduced by Zadeh 

has become the main core in solving 

uncertainty problems. Fuzzy set also known 

as fuzzy number when it comes to define the 

set of real numbers that characterized by 

mean of membership functions. It gives 

information either “about” or “around” such 

number that has unique modal crisp value, 

convex, decreasing, increasing and left-right 

continuous (Abd. Fatah et al., 2009). T1FST 

can be derived from T2FST when T2FST is 

being reduced to T1FST because the type-1 

fuzzy set is in the left and the right footprint 

of T2FST. This section will present definition 

of T1FST, T1FN, T2FST and T2FN.  

 

A. Type-1 Fuzzy Set Theory 

 

Definition 1. A type-1 fuzzy set A , which is 

a term of a single variable x X , with 

membership function (Zadeh 1965) 

 
   , |

A
A x x x X                    

(1) 

 

Definition 2. A fuzzy set A  is called a fuzzy 

number (type-1) if the following conditions 

are fulfilled (Abd. Fatah et. al 2009).  

i. There exist x , such that   1. 
A

x   

ii. For any  0,1 , the set 

  :
A

x x   is a closed interval 

denoted by , , . 

 
A A A    
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Definition 3. If the triangular fuzzy 

number represent as  , ,A a b c  and A  be 

a   cut operation of triangular fuzzy 

number, then crisp interval by  cut

operation is obtained as 

   , ,A a c d a a c d c                
(2) 

with  0,1  where the membership 

function,  A
x given by (figure 1) (Rozaimi 

& Abd. Fatah 2012) 
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Figure 1. Triangular fuzzy number, 

 , ,A a b c
 

 

B. Type-2 Fuzzy Set Theory 

 

Definition 4. A type-2 fuzzy set (T2FS) 

denoted as A , is characterized by a type-2 

membership function  ,
A

x u  where 

x X   and   0,1xu U  , that is (Mendel 

2001) 

       , , , | , , 0,1xA
A x u x u x X u U     

  
 

(4) 

in which  0 , 1
A

x u  .  

 

Definition 5. A T2FN is broadly defined as 

a T2FS that has a numerical domain. An 

interval T2FS is defined using the following 

four constraints, where 

 , , , ,A a b c d            0,1 , 

, , ,a b c d      (figure 2) (Zimmermann 

1985; Klir & Yuan 1995 ) 

i. a b c d       

ii. ,a d     and
 

,b c     
generate a 

function that is convex and ,a d     

generate a function is normal. 

iii.    1 2 2 1, 0,1 :      

 1 1 2 2 1 1 2 2, , , , , ,a c a c b d b d
                        

for 
 

2 2 .c b
 


 
 

iv. If the maximum of the membership 

function generated by ,b c     is the 

level ,m that is , ,m mb c
  

   then 

1 1, , .m mb c a d
             
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Figure 2. The interpretation of an interval T2FN 

III. DISCUSSION 

Based on the definitions of T1FST and 

T2FST, both theories deal with uncertainty 

and complex uncertainty. More specifically, in 

defining uncertainty and complex uncertainty 

data in order to allow the curve and surface 

function can be blended together to model 

those uncertainty data. The previous 

researchers had proven that the uncertainty 

and complex uncertainty data can be modeled 

through type-1 or type-2 fuzzy curve and 

surface function which the data forms are in 

type-1 and type-2 data respectively. 

 Although many studies have solved the 

problem of uncertainty and complex 

uncertainty through modeling, yet there has 

been no study to consider both uncertainty 

and complex uncertainty data. Therefore, the 

idea of this research is to propose a model of 

both uncertainty and complex uncertainty 

data by using only one fuzzy curve and surface 

function.  

IV. CONCLUSIONS 

As a conclusion, the ability of T1FST 

and T2FST to defined uncertainty and 

complex uncertainty data gives a good 

impact in geometric modelling field 

especially in forming perfect curves and 

surfaces. However, the study of curves and 

surface defined by using both type-1 and 

type-2 fuzzy set theory is only just the 

beginning. For further studies, we will 

implement fuzzy curves and surface model to 

illustrate both uncertainty and complex 

uncertainty data. 
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