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Received 6 October 2014
Accepted 20 February 2015 The uncertainty data problem with intuitionistic information is difficult to deal with through the
methodology or approach available. This is because the existing fuzzy geometric modeling can only
solve the fuzzy data problem that is intuitionistic and fuzzy complex in nature as the data have
information that is incomplete boundary value (less clear and ambiguous), have meaning and truth value
of the range, a lot of value logic values as well as having vague distribution and indistinct. Furthermore,
the operation is characteristically minimum or maximum and image together with the range are obscure
and complex. To solve this problem, a new model with a redefinition of the control points which
characterized by three important components of intuitionistic fuzzy is developed. These control points
will be blended with the basic functions of spline to generate several models in the form of intuitionistic
fuzzy spline curve / surface and can be easily understood. With the intuitionistic concept and its relations,
then the relevant data can be translated through the production of these models.
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1. INTRODUCTION (@)

The basic concept of fuzzy set theory was
introduced by Zadeh [1] in 1965 to solve the problem of
uncertainty that occur in daily life. Several years after
that, Atanassov [2] has introduced a new theory based on
fuzzy set theory known as fuzzy intuitionistic in 1986
involving the degrees of membership and non-
membership. By using the theory of Atanassov [2], some
obscure theorem intuitionistic will be developed in the
context of fuzzy geometric modeling with basic

which s, (x) represents the degree of membership of the
element x to the set A in the interval [0, 1]. For
intuitionistic fuzzy sets, suppose universal set X and set of
object x which have the fuzzy valued logic, therefore the
intuitionistik fuzzy set AinDis u, : D — | x 1 afunction
which for each x € D exists z,(x) fuzzy valued logic of

xin Ac X and v,(x)logic value for x is not a member

characteristics. The concept of intuitionistic fuzzy in A< X which
numbers appearing in fuzzy concept will be discussed and
examined for the production of basic theorems OSﬂA(X)jL”AC (X)Sl 2

intuitionistic new fuzzy. Through the development of this

theorem, the data points will be defined as Intuitionistic
Fuzzy Control Point (IFCP). These control points are
blended together with spline basis functions in model
geometry to produce new fuzzy spline hybrid models
known as Intuitionistik Fuzzy Bezier Model (IFBM). The
Intuitionistic Fuzzy Spline Model (IFSM) can be applied
in the design of geometric objects. Moreover, this model
can also be applied in the problem of data uncertainty that
is often occur in science and engineering such as the
reconstruction of an object, mental models, real-time
tracking and remote scanning. Moreover, this model can
be used for data analysis in Geographic Information
Systems (GIS) for spatial data.

2. BASIC CONCEPTS

The theory of fuzzy sets was introduced by Zadeh
[1] in 1965 to solve problems involving uncertainty. The
theory of fuzzy sets are defined as

[21]

Hence, intuitionistik fuzzy set A in X is defined as an
object as follows [2,3]:

A={(x, a () va (X)) Ix € X } A3)
where the function

up: X —[0,] (4)
and

vaiX —[0,1] (5)

defined degrees of membership and non-membership
degree of the element x e X , respectively, and for each
xe X

0< pua(x)+va(x)<1 (6)
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Obviously, each ordinary fuzzy set can be written as
follow:

{<Xv#A(X)a1‘,UA(X)>X e X}

Different from fuzzy sets introduced by Zadeh [1], the
sum of u, and v, is not necessarily equal to 1 and its
value can be obtained and known through intuitionistic.

This situation is very useful when the data obtained is not
complete. Then,

7a(X)=1- p2a(x)=va(x)

where 7,(x) is known as degree of uncertainty or

hesitation, and it represents the information contained
therein. Therefore, based on the definition of intuitionistic
fuzzy set above, three important components will be the
basis of the approach in this study, namely:

O

(8)

A ={x, a(x)| a(x) € [0,1] ©)
A ={x,va(x)lva(x)e0.1] (10)
A" ={X'”A(X)|”A(X)G[O’l]} (11)

where equation (9) is degree of membership, equation
(10) is non-membership degree and equation (11) is
degree of uncertainty or hesitation.

Therefore, based on the concept and theory of
intuitionistic fuzzy introduced by Atanassov [2], some
theorem will be developed in the context of fuzzy
geometric modeling for construction of Intuitionistic
Fuzzy Control Point (IFCP) which is fundamental in the
construction of the model.

3. MODEL CONSTRUCTION METHOD

Intuitionistic spline model in the context of
geometric modeling results when each coefficient
geometry spline model redefined through intuitionistic
fuzzy approach until produced a form of control points.
Next, with the blending process and recursive process, the
curve / surface is generated. The control points is defined
as

P={R}o
for each P, e P exists 1, (P)v,(P) andz,(R,) in [0,

1]. Based on control points in equation (12) and three
important components in equation (9), (10) and (11), three
new control points are derived as follows.

(12)

P“={R. 1 (R)} (13)
PY={R.ve (P} (14)
P* =P 70 (R)} (15)

where equation (13) is membership component control
points, equation (14) is non-membership component

122]

control points and equation (15) as an uncertainty
component control points.

Intuitionistic Fuzzy Bezier Model

Let fuzzy spline introduced by Wahab et al. [4]

n

S(t)=Y_PB(t) with 0<t<1 (16)
i=0

known as fuzzy spline model with P, = {Py,P;,..., P, } is

fuzzy control points and B(t) is basis spline function.
With the new IFCP, hence
_l5d 5d B
LN

pe )

is introduced until the general Intuitionistic Fuzzy Bezier
Model Curve (IFBMC) is written as

S~B(t)=Zn:F~’,dB (t) with 0<t<1 (18)
i=0

with

§B(t):zn:|5, B/(t) with 0<t<1 (19)
i=0

Sg(t)=> R'B(t) with 0<t<1 (20)
i=0

§B(t)=zn:ﬁ B (t) with 0<t<1 (21)

with I5id is the intuitionistic fuzzy control points where d
stands for types of control points and B(t) is the basis

spline function for Bezier. For Intuitionistic Fuzzy Bezier
Model Surface, the general form is written as

B (u)B]' (v) with 0 <u <land

i=0 j=0
0<v<l (22)
with
Sg(uv)=> > P#BM(u)B]'(v) witho<u <land
0 j-0
0<v<i (23)
SB(u,v):ZZRjVBi”(u)B;“(v) with0 <u <land
-0 j-0
O<v<«l (24)
Sg(u,v)=>_> PB(u)B]'(v) with0<u <1and
i=0 j=0
0<v<1 (25)
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4. DATA DEFUZZIFICATION METHOD

For the defuzzification of intuitionistic uncertainty
data, the defuzzification is as in Figure 1.

b4 =3, 3...5,) » a- && .... é .....
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Figure 1. Intuitionistic fuzzy control point in interval
<P™ P, P~ > inalevel set of [0, 1].
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Figure 2. Intuitionistic fuzzy control point in interval
<P~,PY,P” > inalevel set of [0, 1].
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Figure 4. Mapping of fuzzy value for VA(X)
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5. CONCLUSION

Based on the defuzzification process from Figure
1 until Figure 4, the problem of intuitionistic uncertainty
data can be solved through intuitionistic fuzzy geometric
models. The advantage of this model is its capability to
translate its data into a form of intuitionistic fuzzy model
or a curve/surface that is continuous and smooth, and
maintains ambiguity of information in the form of a
simple and easy to understand by the data analyst. The
method and the resulting model will be able to contribute
to the field of fuzzy modeling techniques. As this model
is geometric, it is needed in the areas of pre-designed
surface geometry of an object in a particular industry in
Malaysia.
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