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Automatic 3-D Model Synthesis from Measured
Range Data
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Abstract—In this paper, we propose an algorithm to construct
3-D surface model from a set of range data, based on non-uniform rational B-splines (NURBS) surface-fitting technique. It is
assumed that the range data is initially unorganized and scattered
3-D points, while their connectivity is also unknown. The proposed
algorithm consists of three stages: initial model approximation employing -means clustering, hierarchical decomposition of the initial model, and construction of NURBS surface patch network.
The initial model is approximated by both polyhedral and triangular model. Then, the initial model is represented by a hierarchical graph, which is efficiently used to construct the 1 continuous NURBS patch network of the whole object. Experiments are
carried out on synthetic and real range data to evaluate the performance of the proposed algorithm. It is shown that the initial
model as well as the NURBS patch network are constructed automatically with tolerable computation. The modeling error of the
NURBS model is reduced to 10%, compared with the initial mesh
model.
Index Terms—Hierarchical decomposition, K-means clustering,
NURBS, range data, 3-D surface model.

I. INTRODUCTION

S

INCE it provides explicit geometrical information on the
surface of an underlying object, range data plays an important role in 3-D modeling. Recent progress in range-finding
techniques, such as laser range scanner and space encoding
range finder, allow us to acquire dense range data with tolerable
error. In addition, by employing proper registration and integration techniques [1], [2], [18], multiple range data, obtained
from different views, can be transformed into a common
coordinates system, so that complete and seamless 3-D range
data for the physical model can be reconstructed.
However, since the range data is in itself merely a set of dense
points, an explicit 3-D model should be obtained for further
high-level processing. Thus, the modeling technique to convert
the raw range data into a suitable surface model is quite of important issue, and much efforts have been made to develop such
techniques so far [1]–[5], [7], [9], [12]. Applications of this technique can be found in the field of 3-D modeling, including reverse engineering and virtual environments, as well as 3-D video
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acquisition and display. Note that in the field of 3-D video technology [21], [22], the representation of the 3-D model is quite
an important issue for data compression and transmission.
Among several 3-D models, the triangular mesh model has
been commonly used in many previous works [1]–[3], [7], [9],
[10]–[12]. Since the range image is acquired in a grid array, the
mesh model can be obtained by utilizing the connectivity information. The triangular mesh model has been the most popular 3-D model in the fields of computer vision and graphics, as
the triangular mesh model is easy to construct and manipulate.
In addition, multiresolution modeling is possible, by deleting
nodes, swapping edges, merging triangles, etc. However, since
the amount of range data for 3-D object is tremendous, it requires a heavy computation and additional post-processing procedure, such as mesh optimization [8]. Moreover, the range data
itself suffers from the residual noise, which is inherent during
acquisition, registration, and integration, making the resultant
triangular mesh also apt to be irregular. Therefore, to overcome
the disadvantages of triangular mesh model, B-spline surface
models recently receive much attention for modeling 3-D object [4]–[6], [13], [14].
There are several advantages of the non-uniform rational
B-splines (NURBS) surface for reconstructing the 3-D shape.
First, in the fields of computer-aided design and computer
graphics, a general class of B-spline, i.e., the NURBS, is
adopted for a standard representation of curves and surfaces
[20]. The NURBS can be easily found in standard data formats,
such as Initial Graphics Exchange Specification (IGES) and
Standard for the Exchange of Product (STEP). We also believe
that, in the near future, the NURBS will be very popular for
3-D video synthesis and display technology. Another advantage is that NURBS is mathematically defined, therefore it is
possible to obtain analytic surface model from the range data.
Furthermore, the NURBS surface model is known to be robust
to the noise inherently residing in the range data, since the
noise affects only the local area of the whole surface.
In this paper, we propose a new efficient algorithm to construct the 3-D surface model from measured range data, based
on the NURBS surface-fitting technique. In the proposed algorithm, it is assumed that the input range data is scattered and unorganized 3-D points cloud, which is the most primitive format
in real world. The proposed algorithm consists of three steps,
including initial model approximation, hierarchical decomposition of the initial model, and construction of the NURBS surface
patch network. One of the most difficult problems in surface
modeling, based on the NURBS, is that the input data should
be mapped on a regular grid structure. However, since a single
NURBS patch can only represent surfaces of simple topological
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Fig. 1. Overview of the modeling algorithm.

type, a surface of arbitrary topology should be defined as a network of the NURBS patches. It is a difficult task to construct
both a network of patches and a parameterization of the range
data over these patches automatically. The main contribution of
our work is that we propose an efficient method for constructing
the network and performing the parameterization automatically.
In our approach, the range data is first segmented into a finite
number of point patches, using the -means clustering algorithm [16]. Each point patch is then approximated by an appropriate polygon and divided into triangles, yielding a triangular
mesh for an initial model. Before obtaining the NURBS patch
network, the polyhedral initial model is represented by an adjacency graph, which is then partitioned into several cooperative
subgraphs. The quadrilateral domain for the NURBS patch network is constructed in each subgraph. In this way, the initial
model is interpreted as a hierarchical tree structure: adjacency
graph—subgraphs—polygonal nodes—triangles, in which the
hierarchy is efficiently utilized to alleviate the computational
complexity. Finally, the NURBS surface fitting is performed on
each quadrilateral domain, yielding the NURBS patch network,
and curvature
continuous on
which is tangent plane
its boundary and the inner region of each patch, respectively.
This paper is organized as follows. In Section II, a brief
survey of the previous work is presented. Next, an algorithm
for the initial model approximation is described in Section III.
In Section IV, the proposed hierarchical decomposition is introduced. In Section V, we describe an algorithm for generating
the NURBS patch network in detail. The experimental results
are provided in Section VI. Finally, in Section VII, we present
the conclusions. The overall block diagram for the proposed
algorithm is shown in Fig. 1.
II. PREVIOUS WORK
Surface-modeling techniques, based on the NURBS fitting,
are roughly classified as semi-automated and automated,
depending on the amount of manual operation by users. They
can also be categorized, depending on whether a single open
NURBS patch or NURBS patch network is used. Note that
single NURBS patch can only represent a simple topological
type, such as an ellipsoid.
Semi-automated techniques [13], [14] first attempt to identify a subset of points that are to be approximated. Parameterization of data points is usually accomplished by a user-guided
procedure, such as the projection of the points onto a manually

constructed base plane or surface, followed by generating the
NURBS surface. Since this technique is only capable of approximating the local area of the object, it is difficult to obtain the
entire or complete surface model for arbitrary shaped object.
In contrast, an automated technique [4], [5] is normally
combined with a technique for constructing the NURBS patch
network to separately perform the parameterization. Eck and
Hoppe [4] proposed an algorithm to construct the NURBS
patch network satisfying a prespecified error bound. While
[4] generates high-quality surfaces, it requires a number of
optimization steps, making it computationally expensive.
Krishnamurthy and Levoy [5] proposed a technique, based on
dense triangular mesh, to interactively segment the input range
data into a number of regions that are to be approximated by
the NURBS patches. However, [5] requires manual operations,
and thus, it cannot be considered a full automated algorithm.
Recently, 3-D video coding attracts considerable attention as
a promising alternative to the conventional 2-D video coding.
Malassiotis and Strintzis [21] proposed an object-based coding
algorithm, using intensity and
-D depth image, acquired
from stereo image pair. Note that a detailed review on the 3-D
video synthesis and visual communication can be found in [22],
in which several key techniques are discussed from both computer vision and image coding point of views.
III. INITIAL MODEL APPROXIMATION
After registering and integrating each range view, the range
data, forming complete 3-D surface of an object, can be obtained
in a common coordinate. In this section, we describe the proposed algorithm to construct the initial triangular mesh from the
range data.
A. Polyhedral Initial Model-Approximation
Initial model-approximation begins with partitioning the
range data, followed by the polygonal approximation. The detailed algorithm can be found in [17], which can be summarized
as follows.
The sampled surface is segmented into finite number of
point patches by using the -means clustering technique. After
point patches, based on the adjacency to the
clustering into
neighboring patches, each point patch is then approximated by
a proper polygon, which can be done easily by constructing the
Patch Adjacency Table (PAT). Notice that the PAT describes
the adjacency relation between every pair of point patches,
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initial mesh model represents a closed object. Under this assumption, it is worthy to note that the number of triangles in
the mesh
is always even. From the observation that three
edges form a triangle and two triangles share an edge, the total
number of edges in the triangular mesh is
. However, since
should be an integer,
is an even number. In addition,
the number of odd-sided polygons in the polyhedral model is
also even. Since the sum of the number of triangles which are
mapped to odd-sided polygon should be even, the number of
odd-sided polygon is also even.
Note that the discussed properties can be effectively used for
constructing the parameter space for the NURBS network generation, which will be presented in Sections IV and V. That is,
since the NURBS surface fits the grid-structured point array, a
parameter space is preferred to the parameterization of
the input data, which can be obtained by simply merging a pair
of triangles. Therefore, the total number of triangles should be
even, so that we can employ the quadrilateral model and define
the NURBS patch network.

IV. CONSTRUCTING PARAMETER SPACE USING HIERARCHICAL
DECOMPOSITION

Fig. 2. Example of the polygonal approximation. (a) Point patch layout. (b)
Corresponding PAT of (a).

represented by a binary adjacency matrix. In Fig. 2, an example
denote the point patches.
of PAT is shown, in which
In order to approximate each point patch by a polygon, it
is sufficient to determine the vertices of the polygon. In our
approach, the junction points where three or four patches meet
together are considered as the vertices of the polygons. Assume
and
are adjacent each other,
that the point patches
th row and column in the PAT are
then nine elements in
1. In this way, the adjacency of any three patches can be simply
tested by examining the 3 3 matrix, which is augmented from
the PAT. Also, it can be tested in the same way, when four point
patches are adjacent each other. By approximating each point
patch with a polygon, a polyhedral initial model is obtained,
which topologically approximates the sampled surface. In the
-means clustering, the normal vector of range data is also
examined, preventing each side of thin surface from being
clustered in a same point patch. Note that the normal of range
data is easily obtained in the acquisition and registration stages.

B. Triangular Mesh Generation
The triangular mesh structure is constructed by connecting
the vertices and the centroid of the polygonal facet. Note that
the vertices of polygon and the centroid of the point patch are
projected on the locally approximated surface before division,
forcing the nodes of the triangular mesh located almost exactly
on the true surface.
Since we deal with 3-D data which is integrated from multiple range views, it is reasonable to assume that the constructed

In order to build the NURBS model from 3-D points set, the
input data should be reorganized as a mapping from
paramparameter space should be coneter space. Therefore, the
structed before such a mapping is considered. Since it is almost
impossible to find the parameter space from the input data or the
initial model directly, an intermediate representation is required
for further processing. In our approach, a quadrilateral patch
model is intermediately built, by hierarchically decomposing
the initial model. The constructed quadrilateral patch network
is efficiently used for the parameter space for the NURBS surface fitting, as described in Section V.
As we mentioned previously, the triangular mesh is made up
of even number of triangles, which is the necessary condition for
the existence of the quadrilateral patch network. With this condition satisfied, the basic notion behind obtaining a quadrilateral patch is to group a pair of adjacent triangles together. Even
though it is conceptually simple, a brute-force search method
leads to an NP-complete problem, unfortunately, since there
exist too many triangles in the mesh. Therefore, a more sophisticated approach is necessary to perform the overall pairwise
grouping with tolerable computational complexity.
A. Hierarchical Decomposition
The adjacency graph is generated from the initial polyhedral model, in which each node denotes the individual polygonal facet. The adjacency graph forms the top level of the hierarchy. In the adjacency graph, the nodal attribute is determined according to the type of the polygon, i.e., even-sided and
odd-sided. Then, the adjacency graph is divided into a finite
number of subgraphs, depending on the nodal attribute. The subgraph is defined as the cluster of the connected nodes with same
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Fig. 3. Three types of subgraph. (a) Nodal attributes. (b) Type I subgraph. (c)
Type II subgraph (cardinality is 8). (d) Type III subgraph (cardinality is 7).
Fig. 4.

Hierarchical decomposition of the initial polyhedral model.

attribute. Depending on the nodal attribute and the cardinality1,
the generated subgraph can be classified into one of three types
defined as follows.
Type I : Nodal attribute is even-sided polygon, regardless
of the cardinality.
Type II : Nodal attribute is odd-sided polygon, while the
cardinality is even.
Type III : Nodal attribute is odd-sided polygon, while the
cardinality is odd.
In Fig. 3, an example of three types of subgraph is illustrated,
in which rectangles and circles indicate odd-sided and evensided polygon, respectively. Each subgraph consists of a set of
polygons, representing the third level decomposition. Also, note
that each node in the graph can be subdivided into triangles,
yielding the lowest level in the hierarchical structure. The hierarchical tree structure is shown in Fig. 4.
B. Quadrilateral Model Construction
Based on the tree structure, the quadrilateral model is constructed at the lowest (triangular mesh) level by merging two
neighboring triangles. A basic notion behind merging the triangle for both types is illustrated in Fig. 5. For an even-sided
polygon, a pair of triangles can be merged inside the polygon,
since pairwise grouping is always possible. A more complicated
case is the odd-sided polygon, since there always exists a remaining triangle after grouping. In this case, two adjacent polygons are considered together. That is, as shown in Fig. 5(d),
the neighboring triangles are merged first, yielding quadrilateral Q4. Then, the remaining triangles are grouped pairwise,
yielding quadrilaterals Q1, Q2, Q4, Q5, and Q6.
However, in general, notice that the solution for pairwise
grouping of odd-sided polygons does not always exist. For
instance, consider the case of odd-sided polygonal facet which
is surrounded by even-sided polygons. Therefore, in our
approach, the quadrilateral model is generated after further
processing of each type of the subgraph.

1The

cardinality of a graph is defined as the number of nodes.

Fig. 5. Generating quadrilaterals under the polygonal constraint. (a) An
even-sided polygon. (b) Resultant quadrilaterals from (a). (c) Odd-sided
polygons neighboring each other. (d) Resultant quadrilaterals from (c).

C. Processing of Type I and II Subgraph
Type I is the most simple case. Each polygon can be individually converted into quadrilaterals in the same way as shown
in Fig. 5(b). Note that some nodes in the Type I subgraph help
process the Type III subgraph, which will be described later.
On the other hand, since the polygons are odd-sided, simple
method for Type I subgraph does not work for the Type II subgraph. In this case, pairwise grouping of neighboring polygons
is performed beforehand, which is always possible since the cardinality of Type II subgraph is even. Then, each pair of polygons is simultaneously converted to quadrilaterals as shown in
Fig. 5(d).
D. Processing of Type III Subgraph
This is the most complicated case. Since the cardinality is
odd, the pairwise grouping is not possible. In order to solve
the problem, in our approach, we merge a pair of Type III subgraphs. Fortunately, it can be inferred that the number of the
Type III subgraph is always even, since the number of odd-sided
polygon is even.
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Fig. 6. Finding the shortest path between Type III subgraphs. The number indicates the level of expansion. The nodes with lable “A” denote the anchor node of
each subgraph.

Based on this notion, attempts are made to merge a pair of
Type III subgraphs, in which merging is performed by connecting the subgraphs with the path which lies between them. In
order to find the path efficiently, each subgraph is incrementally
expanded, by finding the layer of the neighboring nodes, which
are actually inside Type I subgraph. The procedure is shown
in Fig. 6, in which the Type III subgraphs are represented by
the connected nodes, specified by rectangle. Note that the cardinalities are 7 and 5. The nodes in Type III subgraph itself are
given the label of level 0, then the obtained neighbors are labeled according to the level at which they are layered, as shown
in Fig. 6. As the expansion continues, the expanded subgraphs
should meet at some common nodes (specified by the label ‘C’).
By obtaining the common nodes, the shortest path can be found,
which begins and ends at the anchor node of each subgraph. The
obtained shortest path is specified by the arrows in Fig. 6.
The quadrilateral model is constructed in the path nodes and
the subgraphs. In the path nodes, pairwise grouping of triangles
is performed by sequentially merging the neighboring triangles
and then merging the remaining triangles inside each polygon,
as shown in Fig. 7(a). In Fig. 7(b), the obtained quadrilaterals
are specified. On the other hand, since the Type III subgraphs
have lost a node, i.e., the anchor nodes, they are already converted to the Type II. For example, in Fig. 6, the cardinality of
the left side subgraph is reduced to 6, after losing the anchor
node. Therefore, by applying the same method for the Type II
subgraph, the quadrilateral model is finally obtained.

V. NURBS PATCH NETWORK GENERATION
In this section, based on the quadrilateral patch model, the
NURBS surface fitting is performed. Since the NURBS surface
fitting requires that the input data should be arranged in a grid
array structure, parameterization of range data and construction
of regular grid structure are performed before the surface fitting. In order to obtain the smooth and accurate NURBS surface

(a)

(b)
Fig. 7. Quadrilateral patch generation in the connection nodes. (a) Initial
layout. (b) Quadrilateral patches.

model, the regular grid structure should precisely approximate
the range data as mush as possible.
A. Parameterization of Range Data
The range data, which is unorganized and scattered, is now
parameterized on the parameter space. The parameterization is
performed by projecting each point onto the quadrilateral patch.
Note that each vertex of a quadrilateral patch corresponds the
, and
of parameter space.
coordinate
parameter of the point is then determined by the coorThe
dinate on the quadrilateral domain.
B. Construction of Regular Grid Structure on Each
Quadrilateral Patch
Based on the parameterization, a regular grid patch is constructed, in order to be used for the input to the NURBS surface
fitting. In our approach, the initial quadrilateral is refined to
a grid array hierarchically, approximating the parameterized
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LIST

OF

TABLE I
SYMBOLS USED IN THE NURBS
SURFACE FITTING

Fig. 8. Determining position and normal vector of new grid points during
recursive division.

the same way, using the 4-connectivity neighboring points
.
By recursively applying the division procedure, we can obtain
grid structure of 5 5, 9 9, and so on. In Fig. 9, the procedure for obtaining 17 17 grid from the initial quadrilateral
is shown, in which each point denotes the approximated range
data points. Note that since the new grid points are anchored on
the locally approximated surface, the generated grid structure
approximates the sampled surface accurately, forming regularly
spaced mesh. After generating the grid structure for all the patch
on the network, the NURBS surface fitting is then followed.
C. NURBS Surface Fitting

Fig. 9. Constructing a regular grid structure from an initial quadrilateral patch.
(a) Initial quadrilateral patch. (b) 3 3 grid. (c) 5 5 grid. (d) 9 9 grid. (e)
17 17 grid. (f) Reconstructed NURBS surface [from (e)].

2

2

2

2

range data, while increasing the resolution. The basic notion
behind the recursive division is illustrated in Fig. 8, in which
and
denote the position and the normal vector,
respectively. The initial quadrilateral consists of four vertices
, which is then divided into 3 3 grid.
New grid points are obtained in the following way. The middle
points on the border are first computed, by averaging the
neighbor grid points. In a similar manner, the normal vectors
of the points are computed. In order to locate the new point
on the sampled surface, the new points are projected onto
the locally approximated surface in the normal direction. The
projected points are then considered as the new grid points
. Finally, the neighboring range data
of the new grid points is collected to compute the new unit
can be obtained in
normal vector. The inner grid point

The parameters of NURBS surface consist of control points,
weight, knot vector, and the basis function. The mathematical
definition of NURBS surface is given in (1), in which and
are the order of the surface in
direction, respectively

(1)
where

In Table I, the symbols used in the NURBS surface fitting are
listed.
The proposed NURBS surface fitting is performed on each
individual patch in NURBS network as follows. For given
,
input grid array
the NURBS surface-fitting procedure is essentially to find the
and the knot vector
. Note that once
control mesh
the control mesh and the knot vectors are obtained, the whole
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Fig. 10. Modeling result of torus data (K = 80). (a) Range data. (b) Centroids
of the point patches. (c) Polyhedral initial model. (d) Triangular initial model.
(e) Quadrilateral patch model (NURBS parameter space). (f) NURBS control
mesh (n = m = 8). (g) Reconstructed NURBS surface (n = m = 4; p =
q = 2). (h) Reconstructed NURBS surface (n = m = 8; p = q = 2). (i)
Reconstructed NURBS surface (n = m = 16; p = q = 2).

surface patch can be generated, since it is possible to calculate
every surface point at
from (1).
From the definition in (1), the following relation holds beand
, given by
tween

(2)
denote the parameter of
.
where
The general procedure for obtaining the control mesh
and the knot vector
is described in detail in [20], which
is summarized as follows.
in direction
.
1) Determine the order
and , the parameter of
in the param2) Compute
eter space.
from
.
3) Calculate the knot vector
equations for
using (2).
4) Obtain
5) Solve the equations using the least mean square (LMS)
estimation technique.
D. Continuity of the NURBS Surface Network
In the presence of multiple patches, the continuity across
patch boundary is another issue. Actually, since the order
continuity should
of NURBS surface is set to 2, up to
be satisfied inside each patch. On the other hand, without
continuity across a shared boundary
further processing,
curve is achieved, by averaging the end control points between
adjacent patches. However, in order to satisfy the minimal
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Fig. 11. Modeling result of phone data (K = 130). (a) Range data. (b)
Centroids of the point patches. (c) Polyhedral initial model. (d) Triangular initial
model. (e) Quadrilateral patch model (NURBS parameter space). (f) NURBS
control mesh (n = m = 8). (g) Reconstructed NURBS surface (n = m =
4; p = q = 2). (h) Reconstructed NURBS surface (n = m = 8; p = q = 2).
(i) Reconstructed NURBS surface (n = m = 16; p = q = 2).

level of continuity, which is required for graphic animation
continuity is achieved by modifying
and industrial fields,
the end control points such that the tangent control points line
up in a fixed ratio over the length of the boundary. For patch
corners, averaging four adjacent points of the shared patches
continuity on the corner.
will suffice the
VI. EXPERIMENTAL RESULTS
To evaluate the performance of the proposed algorithm, simulation results are presented in this section. Experiments are carried out on the torus and the phone data set, which is composed
of 16 200 and 41 522 points, respectively. The torus data is a
synthetic data set, while the phone data set is obtained by registering and integrating ten different range views [2], which are
shown in Fig. 10(a) and Fig. 11(a), respectively.
We first approximate the initial model from the input data.
is set to 80 and 130 for the torus
The number of clusters
and phone model, respectively. According to [17], it is observed
that the initial polyhedral model is successfully built, when the
number of points in a point patch is approximately 200–500,
depending on the topological complexity of the model.
The centroid of each point patch is obtained by employing the
Lloyd algorithm [15], as shown in Figs. 10(b) and 11(b), respecpoint patches.
tively. Then the range data is segmented into
The polyhedral approximation of each point patch is shown in
Figs. 10(c) and 11(c), respectively. After simple division of the
polygons, the triangular mesh model is constructed as shown in
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However, in the extreme case, when the range data is very thin
in its limiting case, such as a sheet of paper, the proposed algorithm would return with incorrect result, which is in fact the
limitation of the algorithm.

TABLE II
ANALYSIS OF MODELING ERROR AND EXECUTION TIME

VII. CONCLUSION

Figs. 10(d) and 11(d), which is approximated by 470 and 722
triangles, respectively.
As described in Section V, the initial model is represented by
the hierarchical graph, in which the polyhedral and triangular
model form the top and bottom level, respectively. The parameter space of the NURBS patch network is then constructed in
quadrilateral patch form, using the subgraph operations. The
results are shown in Figs. 10(e) and 11(e), which consists of
235 and 361 quadrilaterals, respectively. After constructing the
NURBS parameter space, parameterization of each parameter
space is followed, yielding the input mesh for the NURBS fitting. Then, by the surface fitting, the NURBS control mesh and
the knot vector are generated. In Figs. 10(f) and 11(f), the generated control meshes are illustrated. The final construction of the
NURBS surface model is shown in Figs. 10(g)–(i) and 11(g)–(i),
respectively, at different resolutions. Note that, in the fitting procedure, the second order NURBS surface is employed, yielding
continuous in each patch and
continuous on the boundary
of the neighboring patches. As shown in Figs. 10(g)–(i) and
11(g)–(i), the visual accuracy of the generated surface is further
improved at the finer resolution. In Figs. 10(g)–(i) and 11(g)–(i),
it is observed that the NURBS surfaces are rendered realistically.
In Table II, we present the modeling error and the execution
time. Note that the algorithm is implemented on a 266-MHz
is
Pentium II processor. The normalized modeling error
from
defined as the ratio of the mean absolute distance
the input data to the surface model and the diagonal length of
the bounding box of the object, given by
(3)

(4)
where and denote the signed distance from the range data
and the number of the total range data, respectively. It is observed that the modeling error of the NURBS surface is almost
negligible and is reduced to about 10% to the error of the triangular mesh model.
It is worthy to note that the proposed approach is still valid
when the range data is obtained from the volumed object. Although the object is thin or concave, since we can obtain the
normal vector of each point by utilizing the information from the
acquisition and registration stage, it is possible to distinguish the
direction of thin or concaved surface and to obtain the model.

In this paper, we proposed a new algorithm to build a 3-D
surface model from scattered and unorganized range data, based
on NURBS surface-fitting techniques. It was shown that initial
polyhedral/triangular model was obtained from the input data,
and the NURBS patch network was generated efficiently by
using the proposed hierarchical graph representation. By constructing the NURBS patch network, it is possible to obtain a
surface model for arbitrary shaped object, while not requiring
any manual operations.
There are a number of issues for future research. The
proposed algorithm could be extended to allow multiresolution
modeling, by considering the local density of the range data and
the surface curvature. Since the representation of a real-world
object in 3-D video technology requires more compressed and
compact model, the multiresolution property is of important
factor in evaluating the performance of the algorithm. In
addition to the geometrical topology, it is also expected that
various mathematical properties of the NURBS surface can be
applied to obtain the multiresolution modeling.
As we have already discussed, the NURBS is widely employed to represent free-formed object in CAD and graphics
society. Since 3-D video technology is still in its infancy,
there should be much more research and investigation in
various fields, including model representation, 3-D surface data
compression, and transmission.
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