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Abstract:  With the rapid development of 3D digital photography and 3D digital scanning devices, massive amount of point
samples can be generated in acquisition of complex, real-world objects, and thus create an urgent need for advanced point-based
processing and editing. In this paper, we present an interactive method for blending point-based geometries by dragging-and-
dropping one point-based model onto another model’s surface metaphor. We first calculate a blending region based on the polygon
of interest when the user drags-and-drops the model. Radial basis function is used to construct an implicit surface which smoothly
interpolates with the transition regions. Continuing the drag-and-drop operation will make the system recalculate the blending
regions and reconstruct the transition regions. The drag-and-drop operation can be compound in a constructive solid geometry
(CSG) manner to interactively construct a complex point-based model from multiple simple ones. Experimental results showed
that our method generates good quality transition regions between two raw point clouds and can effectively reduce the rate of

overlapping during the blending.
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INTRODUCTION

In recent years, point primitives have received
growing attention in computer graphics. There are
two main reasons for this new interest in points. On
one hand, we have witnessed a dramatic increase in
the polygonal complexity of computer graphics
models. The overhead of managing, processing and
manipulating very large polygonal meshes has led
many researchers to question the future utility of
polygons as the fundamental graphics primitive. On
the other hand, modern 3D digital photography and
3D scanning systems facilitate the ready acquisition
of complex, real-world objects. These techniques
generate huge volumes of point samples and have
created the need for advanced point processing.
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In an alternative pipeline for efficient 3D content
creation, after a surface model has been reconstructed
(a powerful mathematical representation that inter-
polates the discrete point samples), users will want to
edit the surface geometry or modify its appearance
attributes. Point-based editing can be classified as
either editing appearance of point-based 3D model or
modeling geometry information.

The open-source point-based surface editing
system Pointshop 3D (Zwicker et al., 2002) imple-
ments re-texturing, sculpting, embossing and filtering,
in the same way as we know from conventional 2D
image editing. Overall, the system combines the ef-
ficiency of 2D photo editing with the functionality of
3D sculpting systems. Adams et al.(2004) presented a
novel painting system for 3D objects. In contrast to
mesh-based painting systems, an efficient dynamic
re-sampling scheme permits arbitrary levels of
painted detail.

In contrast to appearance editing, point-based
geometry modeling is always related to the repre-
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sentation of point-based surface. Combining with the
particle sampling technique, Radial basis function
(RBF) based implicit surface representation of point
sampled surface was presented by Turk and O'Brien
(2002). They described some basic low-level opera-
tions such as moving a point, adding a point, or
changing a normal, which can be used to get free-
form modeling, with high-level operations such as

Boolean operation and blending also being introduced.

Because their point-sampled surface representation is
not efficient, Turk and O'Brien (2002)’s modeling
system is slow and cannot provide interactive frame
rates after surface changes. Based on a new point-
based rendering algorithm, Reuter et al.(2003) im-
plemented a system rendering in a view-dependent
manner without the creation of a polygonal mesh
representation for implicit surface. This enhancement
eventually enables interactive modeling of the entire
surface. More recent work on RBF based implicit
surface geometry modeling was introduced by Botsch
and Kobbelt (2005), who proposed to use tri-harmonic
RBFs for real-time freeform shape editing. An in-
cremental least-square method enables approximate
solution of the linear systems involved in a robust and
efficient manner, and by pre-computing a special set
of deformation basis functions we can significantly
reduce the per-frame costs. Moreover, evaluating
these linear basis functions on the GPU finally allows
them to deform highly complex polygon meshes or
point-based models at a rate of 30 M vertices or 13 M
splats per second, respectively.

The moving least-squares (MLS) surfaces of
(Levin, 2003) provide an approximating or interpo-
lating surface for a given set of point samples by local
higher order polynomials and was first applied to
point-based methods by Alexa et al.(2001; 2003).
Based on a new representation of point-based surface
by combining unstructured point clouds with MLS
surface, Pauly et a/.(2003) introduced a shape mod-
eling system that enables the designer to perform
large constrained deformations as well as Boolean
operations on arbitrarily shaped objects.

Found upon the rigorous mathematics of Rie-
mann surface theory and Hodge theory, Guo et
al.(2006) presented global parameterization for
point-based geometry. Within their parameterization
framework, any well-sampled point surface is func-
tionally equivalent to a manifold, enabling popular
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and powerful surface-based modeling and physically-
based simulation tools to be readily adapted for point
geometry processing and animation.

Geometry modeling independent of point-based
surface representation was presented in (Adams and
Dutre, 2003a), where an algorithm to perform inter-
active Boolean operations on free-form solids
bounded by surfels is proposed. After constructing an
adaptive three-color octrees, Yang et al.(2005) pre-
sented a more robust Boolean operation for general
point-based geometry including noisy point models,
non-uniform sampled and different sampling resolu-
tion point models.

Adams and Dutre (2003b) proposed a method
for blending two point set surface by a smooth op-
eration. Their smooth operation is simple but it works
as a post process of the complicated Boolean opera-
tion and needs much information from the Boolean
operation. Pauly et al.(2003) also implemented an
adaptation of oriented particles to smooth out the
sharp creases created by Boolean operations. But their
method is hard to implement. Although blending or
fusion is always used to smooth the objects after
Boolean operation in point-based geometry, it can be
considered as new modeling tools by “cutting” and
“pasting” several models into one model in mesh-
based geometry (Liu et al., 2005; Jin et al., 2006). Jin
et al.(2006) presented a new method for mesh fusion.
After converting the sections with boundaries of the
under-fusing meshes into implicit representations, an
implicit transition surface is created based on cubic
Hermit blending to join the sections together while
maintaining the smoothness along the boundaries.
Finally, the implicit surface is tessellated to form a
resultant mesh. Besides mesh fusion, Fang et a/.(2000)
proposed volume fusion and volume graphics, the
voxelization algorithms can be integrated into a more
systematic volume fusion system that provides a
uniform framework for the interactive modeling and
rendering of volumetric scenes.

In this paper, we present an interactive method
for blending point-based geometries by dragging-
and-dropping one point-based model onto another
model’s surface metaphor. RBF is used to construct
an implicit surface to smoothly interpolate the transi-
tion regions. The drag-and-drop operation can be
compound in a CSG (constructive solid geometry)
manner to interactively construct a complex
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point-based model from multiple simple ones. Ex-
perimental results showed that our method generates
good quality transition regions between two raw point
clouds and can effectively reduce the rate of the
overlapping during the blending. We would like to
emphasize that our method takes raw point cloud as
the input, with only points’ coordinate being available,
and we only calculate points’ normal when it is re-
quired.

The paper is organized as follows. Section 2 in-
troduces the pipeline of our interactive point-based
blending system. Section 3 presents the algorithm for
dragging one point-based model on another model’s
surface metaphor, which lies on the core of our in-
teractive blending system. Section 4 describes how to
calculate the regions for blending, and Section 5 gives
the RBF based construction of transition regions to
smoothly interpolate the blending regions. In contrast
to mesh blending, meshes and the transition regions
will be combined into one model. Section 6 gives
some experimental results, and Section 7 draws con-
clusions and presents our future work.

INTERACTIVE BLENDING PIPELINE

We first introduce some abbreviations that will
be used throughout the paper.

M, represents a point model, which is the pri-
mary entity for blending, and also the referring model
adjusting 3D position. M, denotes a child point model,
which is the point model to be dragged and blended
together with M,,. Piner denotes the polygon of interest,
which is a polygon depicted by the user to express the
blending scope. Tk describes a transition region which
is a smooth implicit surface that interpolates the
blending regions.

As shown in Fig.1, our interactive blending
scheme can be described as follows:

(1) “Cutting” point model M, from some other
point model (Fig.1a).

(2) Finding the polygon of interest Piyeer on M.,
then “Pasting” M, to surface of M, (Fig.1b).

(3) Dragging M. freely on surface of M, to some
position P, calculating blending region F, in M, and
F, in M,, then constructing transition region Tr
(Fig.1c¢).

(4) If needed, adjust the 4 degrees of freedom
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(DOFs) of M. at P, recalculating /. and F;, to con-
struct a new transition region Tr. Repeating (3) and (4)
(Fig.1d).

(5) Combining Tx, M. and M, into one model M,,
(Fig.le).

Cutting\, .“i‘

X’
r\,{ &

i
A

(a)

Position"r Nl
adjustment tools

(©) (d) (©

Fig.1 Schematics of interactive point model blending
modeling. (a) Cutting; (b) Pasting; (c) Construction of
transition region; (d) Position adjustment; (¢) Com-
bining transition region with the orginial models

INTERACTIVE MODELING TOOLS

Freely adjusting model position is an essential
part of multi-model blending system. Due to the dif-
ference between 2D view plane and 3D model coor-
dinate system, it is hard for user to adjust model to the
desired position. Experiences show that it is more
convenient to adjust model position referred to to
another model, i.e., the model to be blended with.
Smooth Teddy (Igarashi and Hughes, 2003) imple-
mented a similar interactive dragging metaphor on
mesh surface. Here we present a 3D position adjust-
ing metaphor in which the dragging model is always
attached to the referred model’s surface in the whole
process. In addition, the user can modify the 4 DoFs
attached to the movable model after it was dropped on
to the other model’s surface. Experiments show that
with our 3D position adjustment tools, the user can
quickly and freely perform the blending operation.

Drag-and-drop
Dragging an object can be considered as the
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process of transforming one initial position-normal
pair (P, V1) into the target position-normal pair (Pr, V)
with translation and rotation. So the essential task is to
compute (P, V1) and (Pr,V1). The dragging process
consists of two steps, namely, pasting M, to the sur-
face of M,, and continuing dragging on M,. The
methods for computing (P, V)) are different in the two
steps.

After “cutting” M. from one model, it is impor-
tant for the user to figure out the blend region, namely
the region of interest, on M. The boundary of region
of interest is denoted by Pjye, Which usually is the
open boundary by the “cutting” of M, from its original
point model. Such open boundary can be detected by
boundary detecting algorithm (Qian et al., 2005) on
point model. A user can select the detected boundary
or use freehand sketching tools to depict Piye. After
Piyr 1s Obtained, P; can be taken as the centroid of
Piner, and V7 be the normal vector of the plane that
least-square fits Pjy,. It is clear that the target posi-
tion-normal pair (Pr,Vr7) in the current dragging op-
eration becomes initial value of the next dragging
operation.

Computing (P1,Vt) based on discrete depth buffer
In the dragging operation, after pressing
left-mouse-button (LMB) down and moving cursor
from a 2D position Ppyq to a 3D point Py3q on the
surface of M, Py becomes P34 and Vr is the normal
of the surface at Pp34. A hardware based discrete depth
buffer algorithm is used here to efficiently identify
P34 and its normal from P4 Depth buffer based
algorithm is characterized by calculating the 3D po-
sition in the World Coordinate System (WCS) from
Graphic Device Interface (GDI) point, based on the
model’s current rendering parameters such as view
matrix, projection matrix, view port and depth buffer.
In the same manner, 3D positions will be calculated
from the GDI points that are close to Pyq4, and a
least-squares plane will be fitted to these 3D points.
Before calculating Pp3q from Py, we need to
prepare the depth buffer first. As the user presses
LMB inside boundary box of M., the algorithm starts
to do the preprocessing. The system first cleans the
depth buffer, and then renders A, which becomes the
depth buffer for M,. Fig.2b is the depth buffer for
point model in Fig.2a. Fig.2g is mesh of the point
model after triangulation, and Fig.2h is the corre-
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sponding depth image. It can be seen that the depth
image of point model is not continuous, but the
mesh’s depth image is.

3,5,7,10

¢

(d) ©) ®
3,5,7,10

Je4¢¢¢¢

(& (h) ® () (k) M

Fig.2 Raw depth images and discrete sorted depth im-
ages of point cloud and mesh. (a)~(f) are point clouds,
(g)~() are meshes. Lighter dots mean that the points are
closer to the view plane

The use of depth images for calculating Pp3q
from Py,4 can cause the problem that two close cursor
positions can result in 3D positions far away, and
produces poppy effects in dragging. In Fig.3, two 2D
cursor point P; and P, are supposed to produce two
3D points on the front surface of the point model
(rectangles in the figure). Because of the discontinuity
of the depth image, one 3D point is at the deepest
distance, and the other is on the back surface of the
point model. To overcome this defect, we discretize
the depth buffer to make the depth image in a visually
continuous fashion as follows:

Step 1: Partition the current depth buffer into
continuous blocks, with each block size being nxn,
where n is a discretization resolution.

Step 2: Iterate each block, and set each block’s
depth to the minimum depth of this block.

Step 3: Allocate a block of memory M to record
these blocks and corresponding depth, M will be used
in the operations that follow.

1
1

Point cloud on the front surface | Point cloud on the back surface
1
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Fig.3 Incorrect reversed-projection based on depth buffer
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Figs.2c~2f show different depth buffers using
different resolution n on the same depth buffer in
Fig.2b. As expected, when n increases, the depth
buffer becomes more and more continuous; till n=10,
it becomes completely continuous visually. A visu-
ally continuous depth buffer will give a smooth
dragging of M. on M,’s surface. In this paper, 7 is set
to 10. Grossman and Dally (1998) presented a
pull-push algorithm to fill gaps of depth buffer. Our
discrete buffer algorithm is similar to the pull-push
algorithm, but only has the pull stage and weights of
different pixels are set to 1 or 0. So our algorithm is
simpler and faster than the pull-push algorithm.

Our depth buffer based algorithm can sometimes
go wrong. Once LMB is pressed down and starts to
move, the dragging algorithm is activated. As men-
tioned, V; is taken to be the centroid of the 3D coor-
dinates of Py Let the centers of the 2D GDI and
cursor positions Pi,e, be Crg and P,g, respectively.
When the cursor is moved to a new position P4, we
would expect Coq to move to a new position
Coi=CratH(Pog—P2q). This may not be always true in
practice since M, is required to stay on the surface of
M,,. As illustrated in Fig.4, if the cursor is out of M,,’s
surface, the new position becomes Cy4’ rather than
Chod.

Cld

CnZd
Pog

Fig.4 Centroid C,,4’s actual and theoretical positions

We fix the above problem by discretizing the
line segment C,qCpq using Bresenham algorithm.
C2d' is chosen to be the last point on surface of M,
along C,4Cpn4, Whose depth value is less than 1.0, and
Pr can then be correctly calculated from Cp,4' and its
depth value is in discrete depth buffer M.

V1, the normal vector associated with Pr, can be
computed by fitting a least square plane through Py
and its neighbors. With the (reasonable) assumption
that Py and its neighbors have continuous depth val-
ues after discretization of the depth buffer, Pr’s
neighbors can be obtained (Fig.5) as follows. Let the
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block index of Cn4' in M be ID, the 8 connected
neighbors of ID in M are searched. The depth of
Cn4”’s surface neighboring points is less than 1.0. In
Fig.5, seven points whose depths are less than 1.0 will
be used in the least square fitting. After (P,¥7) and
(Pr,V7) are obtained, we can make the transform. We
first rotate Pj,, and M. along the axis (P, Vrx V1) with
an angle a=VFxV}. Then we translated Piy., into a
vector Pr—P; (refer to Fig.6), and then update the
position-normal pair by setting the current target
position-normal pair (Pr, V) to the new (P, V7).

(x=ny-n)| = 0101 0.1
L I e S, Y
[l (| I
| | t
| [ (x,p)
0.08¢ ———4——— |
T _T 0.09] -|+0
| | |
¢ ———t—— -9
0.07 0.10 |((xtny+n

Fig.5 Neighbor searching for computing normal vector

@ (b) © (d)

Fig.6 Transformation after drag operation. (a) Drag; (b)
Translation and rotation. (¢) and (d): Observing from
different viewpoints

Local position adjustment

The user can adjust M, to any point on surface of
M, with the dragging metaphor. In many cases, the
user still needs to adjust M, locally, e.g., rotating M,
around the centroid or translating along the normal
vector of centroid. We provide this joystick-like local
position adjustment method as follows (Fig.7):

Top rotatable #/ii'-:’ g
F o

Depth and 2D
rotation circle

s,

(.‘:\ Bottom ball
;

Fig.7 Local adjustment of the point position
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(1) Dragging the circle along the slide bar to
bring M, to slide along the slide bar—this makes a
translation along the normal of centroid.

(2) Dragging the tiny ball along the circle to
bring M, to rotate around the slide bar—this makes a
rotation around the normal at centroid.

(3) Dragging the top end of the slider bar to
make M, rotate around the centroid—this makes a
rotation around the centroid.

COMPUTING THE BLENDING REGION

An important step in blending point model is to
calculate the blending region. After culling out two
models’ interlaced points, Turk and O'Brien (2002)
used all points of both models as the blending region.
The high computation complexity of this global
blending limits its application to large scale model.
We propose a local blending strategy here by con-
structing an implicit surface from blending regions
adjacent to Piner in M. and M,. Our local blending
strategy is more efficient and not sensitive to the size
of the blending model.

A simple way to find blending region might use
k-d tree to find neighboring points of Pj, but the
blending regions identified by this way will include
interlaced points, which will be impossible for RBF to
generate a smooth transition region. We compute the
blending regions in real-time. Once Py and M, are
transformed to new positions, blending region F_ in
M. and F, in M, will be calculated efficiently as fol-
lows:

(1) Fit a least square plane Prthrough Pjye;.

(2) Project Piyer to Prto get a polygon Ppyj. After
scaling P, twice in different ratios using ‘equidistant
scale’ algorithm, we get two polygons Pi, and Py, as
shown in Fig.8.

Py/'=PtE g 1 XNplane'S,

where E;_y is the vector from Py_; to Py, Npjanc is the
normal of Pr. We use equidistant scaling since it can
produce more reasonable results for both convex and
concave polygons than center based scaling.

(3) Compute F), by first projecting all points in
M, to the plane Py, and putting all the projected points
in F,, then excluding from £}, those points on the back
surface based on the depth value (Fig.9a).
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(4) Compute F, (Fig.9b): offsetting Pr as a dis-
tance along its normal to M, to get a plane Pgoq, With
points of M, between Prand Py being put into F.

Center scale _—

L L

\A, =,
TR
P

et

e prj

% —
Equidistance scale

Fig.8 Center based scaling vs equal distance scaling

Ui
\ L ¥ M,
. M,
.‘/P front
- Py )

)|
(a) (b)
Fig.9 Blending region on M, (a) and M, (b)

CONSTRUCTING THE TRANSITION REGIONS

After computing the blending regions F and F,
we will construct the transition region 7g, which
smoothly interpolates F. and Fj,. The problem of
constructing the transition region can be considered to
construct a surface M passing through all distinct
points in F; and F,, which is a classical surface re-
construction problem. A more general expression of
surface reconstruction problem is: given n distinct

points {(x,,,,z,)}., on a surface M in R, find a

surface M’ that is a reasonable approximation to M.

In this paper, we propose to use implicit function
fix,y,z) to define M. We try to find a function f which
implicitly defines a surface M’ and satisfies fix;, yi,
z;)=0 (i=1, ..., n), where {(x,,¥,,z,)}., are the given
points on M.

In order to avoid the trivial solution (i.e., fis zero
everywhere), off-surface points are appended to the
input data and are given non-zero values. We use the
method in (Carr et al., 2001) to generate off-surface
points by projecting along the point normal.
Off-surface points may be at either side of the surface.
There are two problems here to solve: estimating
point normal and determining the appropriate projec-
tion distance 4. After constructing local triangulations
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for F;, and F, normal vectors at points can be easily
and robustly computed from their triangulations. To
avoid self-intersection, the projected point is taken to
be the closest surface point generated, and the pro-
jection distance /4 is taken as the smaller distance in F
and F,. We assign the value 1.0 (-1.0) to the points
outside (inside) of the objects.

Off-surface point gives additional constraints for
implicit function f:

fxi, vi, z)=d#0, i=n+l1, ..., N.

An obvious choice for f is the signed-distance
function, where the d; is chosen to be the distance to
the closest surface point.

Given a set of zero-valued surface points and
non-zero off-surface points, we now have a scattered
data interpolation problem: we want to approximate
the signed-distance function f{x) by an interpolant s(x).
RBF is considered to be a successful solution for
scattered data interpolation problem, and has been
used in surface reconstruction (Savchenko et al., 1995;
Carr et al., 2001), mesh hole-filling (Du et al., 2005),
mesh fusion (Jin et al., 2006), and point cloud editing
(Chen et al., 2006) and modeling (Turk and O'Brien,
2002; Reuter et al., 2003; Botsch and Kobbelt, 2005).
An RBF has the form:

s() = p(x) + 2 AP(x - x, ), (M

where p is a polynomial of low degree, p=c,+cox+
c3ytcaz. || 1s Euclidean norm on R®, {J;} are real

numbers and the base function @ is a real-valued
function on [0,+o0). Different base functions are
chosen for different scattered datasets. In this paper
we choose the tri-harmonic splines @(x)=|x|* as the
base function, as the energy minimization properties
of tri-harmonic splines make them well suited to
represent 3D objects. By solving a linear equation
system, we can get the coefficients in Eq.(1), thus we
have the expression of RBF function. Then we use a
marching tetrahedral variant to sample the implicit
surface. Those points obtained by the marching tet-
rahedral method are taken as the transition region.
There are some efficient methods to solve the RBF
surface (Carr et al., 2001). We use a modified fast
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multipole method (FMM) (Beatson et al., 2006) and
the center reduction algorithm to improve the effi-
ciency of solving the RBF surfaces in this paper. After
centers are clustered in a hierarchical manner, far- and
near-field expansions are used to generate an ap-
proximation to that part of RBF due to the centers in a
particular cluster.

After the transition region Ty is computed, we
can combine T and blend two models M. and M, into
one model M; (Fig.10). Since Tr is somehow over-
lapped with M, and M,, we need to eliminate the
overlapped points. We first put points in M, whose
projections on plane Pr are outside of Py, into M.,.
Then put all the points in M. at the other side of Psinto
M,. Since Ty can be classified into two parts S} and S,
by their distances to P; with a threshold—S) being
within the threshold, and S, outside the threshold.
Those points in S; whose projections on Pr are inside
of Py, will be put into M,, and those in S, that lie
between Psand Pgye Will also be put into M,.

Points from Ty

\

Points from M,

I Points from M.

Fig.10 Combining the blending region with the original
two point clouds

RESULTS AND DISCUSSION

We implement our interactive blending method
for point cloud on a P4 2.8 GHz with 512 MB mem-
ory PC with Windows 2000 OS. Table 1 gives a sta-
tistics on the time spent on the examples used in this
paper. Due to the computation complexity of RBF,
our blending system is not real-time, with the blend-
ing time ranging from several seconds to thirty sec-
onds. Most of these point cloud models are derived
from meshes by erasing edges and normal from mesh,
just reserving vertices’ coordinate, which make them
the same as row point cloud. We construct mesh for
the combining result to see the blending effect.
Fig.11a and Fig.11b illustrate that we can use this
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interactive blending method several times to model a
complicated model. Blending time includes RBF
fitting time and marching tetrahedral surface sam-
pling time. Blending of Fig.11a is much more than
double the time of Fig.11b as it sampled many more
points in the transition region. It shows that our
blending algorithm is not sensitive to the total number
of points in models, but is related to the number of
points in the blending region. Fig.11c¢ illustrates that
our algorithm can blend irregular sample model (the
triceratops is irregularly sampled).

Fig.11 The blending of head and body (a), horse and wings
(b) and shoe and triceratops (c)

Table 1 Statistics on the time spent in the blending

. . Pointsin Points in ~ Blend-
. Points in . .. A
Figure blending transition ing time
model . centers .

region region (s)
Ila 75904 1512 617 16463 25
11b 76501 758 309 1191 7
Ilc 35002 953 337 3383 8
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CONCLUSION AND FUTURE WORK

In this paper, we presented an interactive
blending modeling method for point-based geometry.
After intuitively and interactively dragging one point
model onto the surface of another point model, the
user can “cut” a portion of the model from one model,
and “past” it on the other model. It is convenient for
the users to find a reasonably satisfactory position for
blending with the dragging and local position ad-
justments metaphors. Based on the polygon of in-
terest, blending regions are automatically calculated.
An implicit surface interpolating the blending re-
gions is constructed, and a modified fast multipole
method is implemented to speed up the solution and
sampling of the implicit surface. As emphasized in
the introduction, our algorithm is proposed to process
raw point cloud. Some models used in our experi-
ment are obtained from mesh model by erasing edges
and normal, just keeping vertices coordinates, which
are considered as raw point cloud. In practice, if we
keep vertices’ normal, some parts of our method
could be simplified:

(1) Computation of Vr from the depth buffer. By
also rasterizing the normal in the depth buffer,
“costly” least squares fit can be avoided.

(2) Computing offset points for the radial basis
function becomes much easier (triangulation can be
avoided).

Our future work includes a GPU-based imple-
mentation to speed up the blending process and the
implementation of other geometry modeling methods
for point-based geometries. Another issue is the
smoothness of the transition region constructed by
RBF. We will provide some way to vary the smooth-
ness of the transition region by controlling the limit of
fitting functions derived from the given points in
blending region.
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