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Abstract

In Computer Aided Geometric Design (CAGD), B-spline curves are piecewise polynomial parametric curves that play an important role.
CAGD which has been widely used, brings the good impact of computers to industries such as automobile. To meet engineering re-
quirements, Extended Cubic Uniform B-Spline is proposed to be applied in creating new objects. Furthermore, three dimensional objects
such as rod, bottle and others can be generated from Extended Cubic Uniform B-Spline curves by using translation technique of sweep
surface method. In this research, the three-dimensional objects are formed by transforming Extended Cubic Uniform B-Spline with de-
gree 4 by using translation technique. The advantage of using Extended Cubic Uniform B-Spline is the curve can be modified by chang-

ing the value of shape parameter. Various shapes of three dimensional objects can be formed by using different shape parameters. The
smoothness of three dimensional objects is analyzed by shape parameter value from A =0 to A =1. The result shows object with

A =0,0.1,0.5,0.8, and A =1 are smooth.
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1. Introduction

Extended Cubic Uniform B-Spline curve was proposed to over-
come the disadvantage of Cubic Uniform B-Spline which is a
traditional global interpolation method. The basis function of Ex-
tended Cubic Uniform B-Spline is constructed by linear combina-
tion of the Cubic Uniform B-spline basis functions. Extended
Cubic Uniform B-Spline has a shape parameter and is introduced
within the basis function. The shape of curve can be modified by
changing the shape parameter value A to meet the needs [5]. Thus,
changes to any data point will not require solving all the linear
system again. The user can modify the curve globally by adjusting
the shape parameter A . If A =0, Extended Cubic Uniform B-
Spline basis will degenerate into cubic B-spline basis [5]. Mean-
while, Extended Cubic Uniform B-Spline shares the same proper-
ties such as local support, nonnegativity, partition of unity and C2
continuity when A e [-81] [6].

The three-dimensional objects can be formed by using Sweep
Surface method. Sweep Surface is an important method and is
power to determine the object in three dimensional
[1,2,3,5,7,9,10,11,12]. Rod, bottle, vase and others can be formed
by using sweep surface method [1]. Translation is one of the
techniques in Sweep Surface method; it is also known as one of
the simple Sweep Surface method. Translational technique is a
sweep along a straight line and sweep of the two-dimensional
object along the normal direction [1]. In other words, translation
surface is a transition of sweeping where the contour moves from
one end of the line segment to another line segment perpendicular-

ly [9].

The main objective of this paper is to study on an Extended Cubic
Uniform B-Spline degree 4 curves with shape parameter value
from A =0 to A =1. Then, Extended Cubic Uniform B-Spline
curves were used to generate the three-dimensional objects by
using Translation technique of Sweep Surface method. The shapes
obtained were analyzed based on their smoothness.

2. Methodology

2.1. Extended Cubic B-Spline Curve

Extended Cubic Uniform B-Spline was used to design curve and
generate the object. The basis functions of Extended Cubic Uni-
form B-Spline degree 4 for t <[0,1] are as follows [5].

4 1 3
=—(4-)- 1-
bg(t) 24( A—3nt)1-t)
bf(t): —214 b6+ 20122+ k)t2 +12(1+ k)t3 —3kt4]

bé(t):%[4—x+12t+6(2+x)t2 ~12t% —:m“]

b3 (t)= i[4(1—k)+ e

The basis functions satisfy the properties as in Theorem 1.

Theorem 1: The basis functions bX(t) , where k=4,5,6, and
=023, satisfy
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3
i) bf(t)=1(convex hull)
=
ii.  bf(t)=bk(1-t) (symmetric)
iii.  When —k(k—2)<a <1 bf(t)>0,te[0l]. (positivity)

The graphs of basis functions for different values of A are shown
in Figure 1.

h=—ab . a=-8 '
Fig. 1: Graph basis function of Extended Cubic Uniform B-Spline degree
4 with different value of shape parameter A .

Fig 1 above shows that the graph basis function of Extended Cu-
bic Uniform B-Spline with different value of shape parameter, A
for degree 4. Different basis will form different shape of curve. It
can be observed that higher value of A will tense the curve shape
without changing its original shape. However, when L value be-
comes lesser (towards -8), it changes the shape of the curve and
has more attractive effect.
The polynomial curve segments for
ue lu i»u i+1J. i =3,4,.....,n are defined as follows [5].

3
Cj,k(h . t): Z:k)=((t)PJ'Jri_3l k = 4,5,6

i=0

Where, P, eRY (d=2,3,i=0,1,2,...n) is control point and knots is
Ul < U2 <. < Un+1 .
The polynomial curve is defined as follows [5].
u-—u;
Cy(r5u)= Ci,k(NT'jv uelu;, uj,]

Where,

t:l.l—l.li

— hj = Ui - ;.
1

Curve segments with different values of A are shown in Figure 2.
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Fig. 2: Extended cubic uniform B-spline degree 4 with different value of

shape parameter A .

The curves of Extended Cubic Uniform B-Spline for degree 4 with
the different value of shape parameter, A are shown in Fig 2
above. The curves obtained does not touch the end control points.
It is called as close curve. The distant between close curve and
control polygon is changed based on the values of shape parameter,
) and the degree of Extended Cubic Uniform B-spline curve. As
discussed for Fig. 1 before, positive values of A will tense the
curve towards its control polygon. However, negative values of A

give different effect on curve shape.

2.2. Translation Technique

In addition, the Frenet Frame method is usually considered a natu-
ral coordinate system for analyzing curves [3]. The use of this
method is also to determine the relationship between the cross
section and the trajectory in which this coordinate system relies
only on trajectory local traits and has tangent units T, normal N
and binormal B for the trajectory [8].

In this study, the parameter along the trajectory is represented by
the letter v and the parameters along the cross section are
represented by the letter u. The two-dimensional cross-sectional
curve is represented by g (u) and the trajectory curve r (v) [10].

gu)=[m)gW)]" ue l“o,UnJ

(v)=[5 Wy W™ velvova]
The formula used in to obtain the value of the vector tangent T,
normal N and binormal B are as follows [10];
Tangent'l’(, )
T(v)= rlv

Y]
Normal N,

T(v)

N(v)=

o)
Binormal B,
B(v)=T(v)x N(v)
The positions of T, N and B are illustrated in Figure 3.

N

Fig 3: Position of tangent line, normal and binormal at a point

The tangent vector will always be normal to the flat surface of the
cross section. While normal and binormal vector define the
direction of coordinate axes on the flat surface of the cross section

[8].
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However, the Fernet Frame method does not specify binary and
normal vector at a point where the trajectory continuity value is
empty [3]. In addition, this curvature also affects the continuity of
a point, the orientation of the cross section and the direction of the
normal and binormal line [8]. Subsequently, using normal and
binormal vector, translation technique can be defined as follows
[2;

S(u,v)=r(v)+gy(u)N(v)+g2(u)B(v)

Where,
r(v)=
g(u)=Cross section curve.
N(v)= Normal vector.

Trajectory curve.

B(v)= Binormal Vector.

3. Result and Discussion

3.1. Designing Three-Dimensional Object

The extended cubic uniform B-spline curves were transformed
into three dimensional objects. A circle was translated along the
extended cubic uniform B-spline curve degree 4 with value shape
parameter value from A =0 to A =1 to form arod in three di-
mensional.

Fig 4: Rod in three dimensional with different value of shape parameter.

Result in Fig 4 shows that various designs of rod were obtained by
using different values of shape parameter. Rod with
A=0,A=0.,1=05x1=0.8 and A =1.0 were smooth at the end
of the rod compared
to A=02,A=03A1=04,A=061=07 and A=0.9 which
gave uncertain shapes and did not meet the needs at all.

4. Conclusion

Two dimensional curves can be generated by using extended cubic
uniform B-spline curve degree 4. Different value of shape parame-
ter can produce different shape of curve. Thus, it is cost-saving as
all linear systems do not have to be solved many times to change
the curve. The curves can be analyzed by consider the distant
between the curve and the control polygon. The curve with A =1
will approach the control polygon and more distant when the value
of A =-8. Therefore, curve with A =1 will give more accurate
result.

Next, various shapes of three dimensional objects can be formed
by transforming extended cubic uniform B-spline curve degree 4
by using translation technique. In this research a rod in three di-
mensional was formed to test the ability of translation technique.
The changes value of shape parameter A will yield small changes
in the shapes of curve but contribute more changes in the shapes
of three dimensional objects. A =0,A=0.1,1=0.51=0.8 and

A =1.0 produced smooth result at the end of the translation com-
pared to A=02,A=03 A=04, A1=06,AL=0.7 and

A = 0.9 which result uncertain shapes and did not meet the needs
at all. However, it can be an alternative to the design the three-
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dimensional object. A=0,A=01,1=0.5A=0.8 and A=1.0
can be used to produce three-dimensional objects which are simi-
lar to the model and others value of A if something unique and
creative are required.
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