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ABSTRACT: In the digital design process, surface modelingequired to be as accurate as

possible for the effective support of productionvasdl as for numerical performance analysis. This

article reviews the geometric modeling techniquesed on non-uniform rational B-spline (NURBS).

The NURBS surface can be readily translated intaayn&AD/CAM packages (Computer Aided

Design/Computer Aided Manufacturing), which is mooavenient for visualization performance and

finite element methods.
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1. INTRODUCTION

Surface modeling is the key to integration
of design, analysis, manufacturing, and other
calculation [3]. There are two principle
categories for surface fitting techniques. The
first one works with reverse engineering in two
steps; first the given data points are rearranged
into the rectangular mesh, then the surface is
constructed by some matrices inversion and B-
spline algorithm procedures. The first problem
is that the data points are often scattered. The
second problem comes from the matrices
inversion. In fact, the matrices inversion gets
the ill conditioned problem, and it must also
avoid round off error magnifications in back-
substitution calculation and large storage
capacity. The second surface generation
technique is to approximate the given data
points by B-spline

algorithm.  Many

conventional methods have been proposed

8,1].

parameterization of B-spline surface. It needs

The main  problem is the

to be estimated from an initial unknown
surface. The approximation of surface fitting
using genetic algorithm is developed by
Birmingham [5], Le et al [6]. However, this

method gets stuck in case of complicated
surfaces. The main contribution of this research
is to use non uniform B-spline (NUB) surface

fitting through a GA technique. This approach

has more advantages with regard to surface
representation, and fairness of the interior

surface.

2. OVERVIEW OF THE B-SPLINE
FITTING ALGORITHM

Surface fitting basis
B-spline surface data D(u,w) is given by:

n+l m+l

D(uw)=2> 8 N, (4 M, (9

i=1 j=1 1)
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Let x and y be knots value and;Bis the
vertex point of B-spline for data fitting, and
Ni,k(u) and Mj,l(w) are the basis functions.
Eq. 1 shows that shape of NUB surface will be

regenerated if we change the location of vertex

point and knot value, as in Fig. 1. In GA
process, we changed the shape of surface
automatically in this way. Therefore, the final

surface can get the good solution time by time.

Fig 1. Rectangular vertex points

1.1. Matrices Inversion Problems in B-spline
Fitting

Generally speaking, many conventional
methods have been proposed in NUB surface
fitting. Writing Eq. (1) for each single B-spline
data point yields

Dl‘l(ul’ Wl) =
Nl.k(ul)[Mll(Wl) B+ Mz,(Wb B st...t M, ( W) B 1+

Npoi (U)[ My, (W) Byt My (W) B, o5t

&)
In the matrix form of NUB surface point of
Eq. (2), moving in space with 2 degrees of

freedom, u and w, is given by:

+Mm+(W)§+m1

[o]=[c](&] 3)

Where [D] is an r x s x 3 matrix containing
the 3D coordinates of surface data points, [C] is
anr x s x n x m matrix of the products of the
basis functions, and [B] is an n x m x 3 matrix
of the 3D coordinates of the required vertices.

If [C] is not square, the solution is given
by:

-1

[B]=[[c]'[c]] [d'[d]

4

Nevertheless, the matrix inversion gets the

ill conditioned problem when determinant close

to zero. The Fig. 2 illustrates the difficulties of

surface fitting in matrices inversion.
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ginal surface,

Matrices inversion
process

-

Fitted surface

Fig 2. The difficulties of fitted surface in matrices argion method

For curve fitting, an optimization method
with GA has been presented by Yoshimoto [4].
However, the matrices inversion is not a
solution for irregular given data points. Instead,
moving the location of the vertex point using
GA is efficient way to improve the surface

quality.

3. NEW APPROACH TO SURFACE
FITTING FOR THE GIVEN INTERIOR
DATA POINT BY USING GA

3.1. Vertices Encoding for Initial Population

For an initial population, usually the base
surface is created by vertices. The vertices can
be generated with the same x and z coordinate
value of the given data points and deviatéon

in y direction (see in Fig. 3).

Vertex point is generated by moving given data points
up or down with small deviation &

Min value
from xz
plane

Max value
from xz
plane

Given data
point =

Fig 3. The generation of vertices from the given data

points
3.2. Crossover Process

The idea here is to exchange a single knot
value in two parents to form two new
individuals. Fig. 4 shows that the individual 1
received a new sub-string from individual 2 to

generate a new individual in a next population.
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\ After
i;\_ Crossover
2 :} , x o )
Fig 4. Crossover procedure
3.3. Mutation Process [Bnew] :[ Bold] +0
In this method, the location of the new (6)

vertex point is created by moving in a circle of
small radiusd around the old vertex point. In
such an approacts, should be recommended
less than 5% of the distance between old vertex
point and the nearest neighboring vertex point.
The variable design has a deviation with the

deviation size as given by Eq. (6).

Therefore, the surface quality improves a
good result after each time. Deformation of a
NUB surface can be achieved by moving the

vertices that define it (see Fig. 5).

Fig 5. The effect of moving one of the vertex pointstaf surface

3.4. Jacobian inversion for finding nearest
points
This can be solved by Jacobian iteration

within a few steps [1]:

1. Input: a original point (G) and initial
parameter (u, w) for parametric surface
2. Compute the distance d = G — r(u, w)

3. ComputeAu, Aw and update u = u Au,

w = w + Aw, with
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Au= (rd)(ryr,)=(ryd ) (o) In that case, the location of vertices will be
B (ror ) (rr )= & W)2 optimized to fit the given data points using GA
technique.
A= (rod)(ryr,)=(r,d)(r.r.)
(rr)(rr )€ £ ) 4. APPLICATION EXAMPLES

4,15 (AU > £) or (AW > £) then return 4. 1. Ship Hull Surface

The Fig.6 illustrates the given data points

step 2
| of surface. In this case, the surface shows total
5. else sto
P error values converged at 20,000th generation
6. Final step: and the best fitting after 20,000 generations
N,M . .
Q:{ ' {D(i, j)—G}Z (see Fig.7&8). The normalized error value after
== (7) 20,000 generations is computed in Table 1.

Fig 6. The given data points of yacht surface

Fig 7. The Gaussian curvature of surface at 1st genaratid 20,000th generation

Trang 48



TAP CHi PHAT TRIEN KH&CN, TAP 14, $0 K4 - 2011

Table 1.Normalized error between the given data pointsthadurface points

No. of vertex points inComputing  [Normalized

and w directions time error

10x14 15min 0.0044834
Filness

value

[iti]

[i] SO0 1000 15600 20000

generation

Fig 8. The fithess value during generations of complitateape

4.2. Complicated Surface best result at 20,000th generation were

The complicated mesh (Fig. 9) consists of illustrated from Fig. 10 and 11. Finally, a value

91 given data points. The initial result and the of normalized error converged at the 20,000th
generation (see Table 2).

Fig 9. The given data points of complicated surface
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Fig 10. The Gaussian curvature of the complicated suidhdst generation and 20,000th generation

Fitness
value

1.8

1.6

1.4

1.2

1
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0 T T T T
0 5000 10000 15000 20000
generation

Fig 11. The fitness value during generations of complitaieape
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Table 2.Normalized error between the given data pointstaaccomplicated surface points

No. of vertex points in

u and w directions

Computing time

Normalized error

17x7

30 min

0.001461274

5. CONCLUSIONS

In this study, a NUB surface is generated
in a fully automatic approach to the location of
vertex points and knot value until satisfactory
precision is reached. The main contribution of
this research is to construct the NUB surface by
using GA implementation for the optimization.
All  the
implemented in a NUB surface generation
this

above techniques have been
effectively. As application examples,
technique represents the high visual quality in
the case of a hull ship surface and complicated
shape. The accuracy of each surface modeling

is dependent on the generation time of the GA

process, while the convergent solution is
guaranteed by the required precision.

NAME of the

HoChiMinh city University of Technology

(HCMUT) since 2000 has studies and training

courses in computer applications in ship hull

The department of

design based on Maxsurf suite and other
softwares [7]. The approach in this paper will
be used as the extending for these courses. For
future research in this study, emphasis should
be on application of NURBS function in the
finite element analysis and some steps for
transferring of the geometry to the finite
element mesh, thereby improvement the quality

of the numerical models.

MO HINH HOA B E MAT TRONG CAD/CAM D UA TREN THU AT TOAN NURBS

Lé T4t Hién ), Nguyén Xuan Hung ®, V& Trong Cang®

(1) Truongbai hoc Bach KhoaPHQG-HCM
(2) Trwongbai hoc Khoa e Tu nhién,PHQG-HCM

TOM T AT: Trong qué trinh thit ké 5, md hinh héadmit yéu @u dé chinh xac cao nim b6
tro hiéu qui cho céac inh wrc sin xuit ciing nhe 1a cdng véc tich toan 8. Bai bao trinh bay ning ki
thugt mé pling bé mat duwa trén thuit toan NURBS (non-uniform rational B-spline). CagtiNURBS

c6 thé dé dang dch sang nhiu phin mém CAD/CAM, thin loi trong cdng véc md pling vaiing ding

cac phrong phap tinh toan gin tr hizu han..

Tir kh6a: M6 hinh hoa B mit, NURBS, CAD/CAM, mé phg.
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