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Abstract—Computer Graphic has many applications in
various fields such as industries, corporates, banking, and
healthcare (hospital). Advanced computer graphic with latest
technologies are widely used in strategic industries like
aviation, marine, and automotive for solving issues related to
images. Using similar methodologies, image analysis can be
done to produce more accurate results with better quality (for
example CAD or CAM) which will be useful for doctors and
patients in hospitals, architects and civil engineers, or other
decision makers. The objective of this research is to combine
algorithms to produce accurate images with better quality
which can be used for decision making based on selected curve.
This is performed by associating the Hermite, Bezier, and B-
Spline algorithms to its harmonic functions so that the
resulting curves / images becomes better and well formed. This
research will produce a picture/image/shape that will serve the
needs of the designers.

Index Terms— Computer Graphics, image analysis,
algorithms, harmonic functions, curves , images, CAD / CAM

. INTRODUCTION

With more algorithms in the field of computer graphics,

more time will be required to decide and determine the
appropriate algorithms to use. Therefore a research is
necessary to determine the best algorithms to be used when
dealing with curves and need to be according to the users
needs. Problem Identification : From the industry’s or other
institution’s statistical data, many curves are generated
however the curves are not smooth, such that it can not be
used by the industry/organization. [1][5][6][7]

Specific Objectives

This research is developed with the objectives and
benefits as follows:

To develop a curve/image for automotive industries
(machinery), ships and aeroplanes and building designs.

To analyze and develop well-shaped curves or to develop
a smooth curve from images obtained from sattelites (GIS).

To be used in the fields of statistics, hospitals, and other
industries.
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Advanced Research Urgency

Designers working in industries nowadays need high
quality images/pictures/shapes to accomplish their tasks.
Therefore it is necessary to have a special method to handle
the images by utilizing technology. This can be done in the
foom of a  software  package to  produce
images/pictures/shapes in their best quality to meet users’
requirement (for example using AutoCad, Microsoft word,
Paintbrush, 3D Max, etc.)[1][7]. In this case, for this
research, it is necessary to have the accuracy, precision, and
the smoothness of the curves/images/pictures/shapes which
is according to the wuser’s requirements[1][4][S][6][7].
Therefore this research is very important.

Il. RESEARCH METHODOLOGY

As described earlier, this research will be conducted using
the following methodology:

Literature studies, is performed by searching data and
information on the internet. This is conducted in order to get
the latest and most updated information regarding the
methods and model in this research, and also to study the
existing and currently used methods. Data analysis is
performed to analyze all the collected data. System
development is performed to obtain the user’s requirements
and the system requirements. System implementation is
performed to create and develop a model/simulation using a
software/application which is developed by writing a
program. Testing dan evaluating the system. Testing is
conducted using the system application and the developed
model, checking wether it is according to the user’s
requirements.

Research Plan Schedule

First Step: Creating the design mode

The first step is to perform a literature study, data and
information searching, from books or the internet, in order
to get the latest information on the development of this
method and the research model, and also to study the
existing model. Then searching for actual information and
facts from other institution. The data collected [3]
empirically is used as a means to develop the model and the
relationships among data sources, in terms of the advantages
of using Bezier algorithm and B-Spline[5][6].
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Second Step: Model Implemetation

The model obtained from the survey is then implemented
in a software that can be used by the institution or
department in the areas surveyed. In addition to the
software, a guide is also developed for users to facilitate
users whom working with the software. Feedback from
users are used as an evaluation to assess the implementation
of the model for further refinement. Evaluation of the
implementation is done by using a questionnaire to obtain
feedback.

Third Step: Model verification

Verification of the early model equations are used and the
results of a survey on the use of the software is developed.
In order to study the design, the influence of the system
software is analyzed. It includes the possibility of research
in other domain of Soft-Computing. Main focus on graphics
system will be placed around numbers, letters, pictures and
objects which are commonly used as key factors in industry.

This research need to be developed further because it
serves as a starting point. The end product using the
algorithm will be beneficial and is widely needed by
industries.

In order to design for the prototype, there is a need of
System design, then a requirement of a reliable database
system, and a convenient method of designing user
interface, so that the output obtained can be fast, accurate
and effective, and the software is developed with focus on
user experience (easy to understand menus), thus is easy to
digest. The ultimate goal is helping the decision making
process by users. The development method is based on the
system development life cycle, such that it will make it is
easier for the developer to develop and maintain the system.

That all the points will study the statistics of the curve
traversed either from the starting point to the end point, the
only difference approximation with the Bezier curve and B-
Spline is only the starting point and end point just passed.
The point of the midpoint between the starting point and end
point only averaged averaged only (on Lagrange
Interpolation curve, Newton and Hermite and others in the
area at the point of starting point and ending point point area
strain curves are very steep). Another characteristic feature
on Bezier curves and B-spline curve [5][6] that is when

desired curve becomes smooth tangent direction must be
made sustainable and turning points of maximum and
minimum turning points need to be considered very
significant. The Formulation of BEZIER Function :

That need to be investigated first Bezier functions:

By taking the point P, = (2/6); P, = (4/12)

P, = (7/3) ; P3 = (9/10)

Mean n = 3; after the binomial coefficients are
calculated, the calculated blending function obtained

bos (1) = (1 - t)°

big(t) =3*t*(L-1)°

bys () =3*t2(1-1)

b3z (t) = t*
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Obtained after blending functions, the new calculated n
Bezier polynomial function P(t)=XB;i*J,i(t) 0<t<1 i=0
Bi= control Points ; J,i(t)= C(n,i)*t*(1-t)"'
Jni=Blending function of Bezier C(n,i)=n!/(i!* (n-i)!)
Then obtained:

Po (t=0) = (2/6)

P, (t=0.15) = (2.9586 / 7.7902)

P, (0.35) = (4386/8125)

Ps; (t=0.5 = (5575/7625)

P4 (t=0.65) = (6625/7208))

Ps (t = 0.85) = (8.0374 / 7.8242)

Ps (t = 1) = (9/10)

The second study B-Spline functions:

With the same point for research Bezier functions: first
calculate the value knotvektor and incorporated into the B-
spline blending function obtained polynom B-spline
functions are:

With order k = 2 obtained:

Py (t=0) = (2/6)
P, (t=0.5) =(3/9)
P, (1) = (4/12)
P;(t=15)=(55/7.5)
P,y (t=2.0) = (7/3))
Ps(t=2.5)=(8.0/6.5)
Pe(t = 3.0) = (9/10)

With order k = 3 obtained:
Po (t=0) = (2/6)
P, (t=0.5) =(3,875/9,375)
P,(t=1)=(5.5/7.5)
Ps (t = 1.5) = (7125/5875))
P, (t=2.0) = (9/10)

With order k = 4 obtained:
Po (t=0) = (2/6)
P,(t=0.5) =(5.5/7.625)
Py(t=1) =(9/10)

Results and Discussion about previous Research
(Filing and Quoting)
From the calculation of Bezier function

Po (t=0) = (2/6)

P, (t=10.15) = (2.9586 / 7.7902)

P, (0.35) = (4386/8125)

P3 (t=0.5 = (5575/7625)

P4 (t = 0.65) = (6625/7208))

Ps (t = 0.85) = (8.0374 / 7.8242)

Pe (t=1) = (9/10)

Discussion for Bezier:

The first curve yield curve polygon and the second
produces the same curve as the last curve of the B-Spline,
the point Py, P3 and Pg together with B-Spline curve of order
k = 4 (always order the last k equals the number of points).

And the results of B-Spline function calculation by
Order k = 2:

Po (t=0) = (2/6)

P, (t=0.5) = (3/9)

P, (1) = (4/12)

P;(t=15)=(55/75)

Py (t=2.0)=(7/3)
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Ps (t=2.5)=(8.0/6.5)
Ps (t = 3.0) = (9/10)
Order k = 3:
Py (t=0) = (2/6)
P, (t=0.5)=(3,875/9,375)
P,(t=1)=(55/7.5)
Ps (t = 1.5) = (7125/5875))
P, (t=2.0) = (9/10)

Order k=4 obtained :

Po(t=0) =(2/6)
P,(t=0.5) = (5.5/7.625)
P,(t=1) =(9/10)

Discussion for B-Spline:

Curve B is a B-spline Bernstein with special properties.
This base is non-global, so each point of Bi relation with a
different basis functions. So that every point of the curve
affects only in areas with base parameter values where the
function is not zero

Basically the general requirements of B-Spline curve is
almost equal to the requirements of the Bezier curve. For the
B-spline curve of order k (degree k-1) each point of the
curve should be in the convex hull of k adjacent point. Then
the whole point of the B-Spline curve must be in join from
around the convex hull formed by k control points. In the
figure below are shown the effects of differences in the
value of k. Note that k = 2 convex hull is a polygon defining
itself. Here B-Spline curve is generated is also a defining
polygon itself.

Figure 1. Curves of Polygon depent on k

B-Spline method is the development of Bezier methods, but
differ with Bezier curves, on the B-Spline curve control
points influence the shape of a curve as a whole. Change
one of the existing control point coordinates will only
change the shape of the curve on the segment near the
control point. This is because the segment of the curve is
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i L xstex,
o Ni'k(t)_ {0, otherwise ®)
N (t) = t-x )Ni'kfl(t) 4 (Xikat )Ni+1,k—l(t) 4
i+k—1 Xiok — Xin
Description :

« Each basis function is positive or zero for all values of
the parameters, namely Ni, k > 0.

» Except for k = 1 each basis function has a maximum
value of 1.

» The maximum level of the curve equals the number of
control points polygon.

 Curve follows the shape of a polygon control point.

+ Curve lies in the convex hull of the polygon points.

Open uniform knot vector B-spline, which has a number
of points at the ends of the value equal to k levels of B-
Spline functions. Some of the open uniform sample point
with the vector k:

K=2[0012344]

K=3[00012333]
K=4[000012222]

For dependence of a triangular diagram is given as
follows

N ik

Ni.k—l Ni+l‘k—1 (5)
Ni.k—Z Ni+l‘k—2 Ni+2,k—2

N il N i+1,1 N i+2,1 N i+3,1 N i+k-1,1

For N(1,3) is given as the following diagram:
N1,3 NZ,S N3,3 NA,S

N1,2 N2,2 N3,2 N4,2 N5,2
N1,1 NZ‘I N3,1 N4‘1 N5,1 NG‘l

Value of the required knots from 0 to n + k, while the
number of the knots isn + k +1

(6)

Examples of Questions
Value of the required knots from 0 to n+k, while number of
the knots is n+k+1

only affected by a number of control points which was near 0<t<1
Mathematical equation B-Spline curve with a parameter N, (t)=1; N, (t)=0, i#3 (M
defined as follows: N, (t)=1-t; Ny, (t)=t; N, (t)=0, i#23
)=t s N)=t-0 @
Number of B-Spline function for some value of parameter 1 £ )
to be in the show: Ref. [5], [6] Nolt)=75 Nis(t)=0 12123
n+1
2N, (t)=blending_ function @ l<t<2
e N,,(t)=1; N,5(t)=0, P4 )
P(t)=> BN, (1) tmin St<t (2) N:.(t)=(2-1) Noo()=(t-1);  N(t)=0, i#34
N0= 20 =9
2sk=n+l N, (t)= (t-1) N, (1)=0, 122,34
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Calculation results can be seen in the following figure :

19
NI.)
Nos
) 3 . h i
o 10

Figure 2. Calculation results

I1l. B-SPLINE RESEARCH

At the same point as the research Bezier functions: first
calculate knotvektor and put those values to the function of
B-Spline blending and obtained polynom B-Spline function

from a given point:

P,(2,6) P,(4,12) P,(7,3) P,(9,10)
P,(t=0)=(2/6)
P,(t=0.5)=(3/9)
P,(t=1)=(4/12)
P,(t=1.5)=(5.5/7.5)
P,(t=2.0)=(7/3))

P,(t =2.5)=(8.0/6.5)
P, (t =3.0)=(9/10)

With order k=3, we have :
P,(t=0)=(2/6)
P,(t=0.5)=(3.875/9.375)
P,(t=1)=(5.5/7.5)
P,(t=1.5)=(7.125/5.875)
P,(t=2.0)=(9/10)

With order K=4, we have :
P,(t=0)=(2/6)
P,(t=0.5)=(5.5/7.625)
P,(t=1)=(9/10)

Curve Obtained :

P,(2,6) P,(4,12) P,(7,3) P,(9,10)
K =2 form Polygons

K = 3 form curves like sine

K =4 B-Spline curve shape is pure =

Bezier curves.
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Figure 3. Framework Research

IV. RESULTS AND DISCUSSIONS

Testing and Results

The result obtained by running the above program under
C++ with Open GL will be used to test the accuracy of the
Bezier and B-Spline algorithm through Display monitor, not
a printer, as the smoothness of the curve is better shown on
screen rather than on paper.

CD ROM is included. (When necessary, the CD can be
given, as the code of this program is not included in this

paper/article.

Table 1. Test Results

Test Successful | Problems
The first partly in navigation menu
partly In saving and
editing of data
partly In drawing data
The second | ok Menu dynamically
ok Delete data model
and append data
model
ok For creating and
drawing model
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V. CONCLUSION

From the test result, a conclusion can be drawn as
follows: That the program is sufficient, the data model is
drawing according to the algorithms and the result is that the
curves are better (more smooth) as required by the user.

The Suggestion for further research:

e The requirement to evaluate the hardware, especially
the monitor with high resolution and adequate CPU
requirements, as the data can be very large in size, and a
comparison of the algorithm with other curves.

e Menu displays can be either stactic or dynamic.
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