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Abstract — In aspect of surface precision and smoothness, Bezier curves and surfaces, B-spline curves and surfaces, and NURBS 
curves and surfaces are three ways which have their own characteristics. Some of them has strong communication skills on 
precision of surface, but sometimes, in aspect of smoothness, it is hard to meet the requirements; For some others, surface 
smoothness could meet the design requirements, but the accuracy cannot. Combined the characteristics of different surface types,  
and integrated the advantages of Bezier surfaces and NURBS surfaces, the new curves can be constructed to meet the curved 
surface accuracy and surface smoothness requirements.  
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I. INTRODUCTION 
 
After the late eighties, NURBS method became the most 

popular in the field of surface modeling technology, and 
became the only international standard of defining curves 
and surfaces in 1991 [1]. With its characteristics of 
expressing quadratic curves and surfaces, it can unify 
regular surfaces and complex ones accurately. So, it is 
widely applied to a variety of 3D modeling software among 
the world. In process of building a high-quality surface, 
precision and smoothness requirements are various for 
different models [2-3]; there are still some problems in 
practical application. 
 
 

II. SURFACE RECONSTRUCTION PROBLEMS AND 
COMMON SOLUTIONS 

 
With examples, as shown in Fig. 1, according to the usual 

method of surface modeling, combined with commonly 
used reversed three-dimensional modeling software, 
NURBS surfaces was constructed. 

Analyze the control point mesh of the 8 by 8 order 
NURBS surface as is shown in Fig.2. We can find that the 
distribution of the grid line near the end point is disordered 
and the distribution of grid is not uniform. In addition, the 
control points are disordered.  

The analysis on accuracy and smoothness of surface is 
shown in Fig. 3 Fig. 4: 
 
 

 
Fig.1 NURBS Surfaces 

 
 

 
Fig.2 NURBS Surfaces Gridlines 
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Fig.3 NURBS Surfaces Precision Analysis 

 
 

 
Fig.4 NURBS Surface Smoothness Analysis 

 
As is shown in Fig. 3, completed NURBS surfaces could 

fulfill the precision requirement that the maximum error 
should be less than 0.5mm. However, in process of 
evaluating the quality of surface, the smoothness of surface 
should also be considered. As a cover workpiece, in this 
case the smoothness of the surface as shown in Fig. 4 could 
not meet the requirements. So, the quality of the final 
produced surface is substandard. To solve the problem of 
surface smoothness, the common solution is to reduce the 
order of the surface to decrease the accuracy and increase 
the smoothness [4]. 

As shown in Fig. 5, the original 8 by 8 ordered NURBS 
surface was reconstructed to be a 7 by 7 one by reducing 

the order of the surface. 
 

 
Fig.5 NURBS Surfaces with reduced order and segment 

 
Analyze the precision and smoothness of the new surface 

as is shown in Fig.6 and Fig.7. It indicate that after reducing 
the order, the smoothness of the surface increased but the 
accuracy cannot fulfill the requirement that the maximum 
error should be less than 5mm. So, the quality of the new 
surface is not qualified.  
 

 
Fig.6 Accuracy Analysis of Reduced-Order Surface 

 
III. SURFACE RECONSTRUCTION BASED ON THE 

TRANSITION OF BEZIER CURVE 
 

A.    Theoretical basis of reconstruction method 

The current NURBS surfaces are all based on fitting 
parametric surfaces of quadrilateral domain. The advantage 
of fitting quadrilateral domain is that the algorithm is stable. 
So, if the distribution rule of point cloud is neat, this 
method is usually used to realize parameterization of 
surface. However, the disadvantage of the method is the 
lower efficiency of surface reconstruction and the higher 
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requirement of the point cloud data. With complex 
boundary condition, reconstruction of surface is easy to 
generate boundary deformation, which would affect the 
overall fairness of the surface. In this condition, the method 
of Bezier surfaces on triangular domain could be used [5]. 
The advantage of this approach is that it can solve the 
problem of complex boundary data and it is convenient and 
flexible to reconstruct surfaces. 
 

 
Fig.7 Reduction in Optical Direct Order Analysis 

 
Triangulation for quadrilateral domain steps: 
(1) Point set  1 2 3 4 5 6 7, , , , , ,P P P P P P P P , based on the 

shared extra points out the relationship between the various 
positions, find all points and delete them, first remove the 
extra point shared, 8(a) as shown in Fig. 8 deleting points 
out the point, delete the common point would point out 
some impact; 

(2) In point set P, taking 1P  as a starting point, in order to 

select the order of the three points in set point P, consisting 
of a triangle, and check the triangle is internal or external to 
the region.  

(3) Connection of the first and last points, shown in 
dashed lines, and calculate the length of the dashed line 1L , 

the new distance L,  put 1L  into the matrix in L; 

(4) After completion of the triangle, the point 2P  as the 

initial one of the following points, repeat steps 2 and 3, the 
point set P of all the completion point arrangement shown 
in Fig. 8(b). 

(5) Matrix L is formed in the dotted line length, distance 
comparison of numerical value, get the shortest distance A, 
and use three point related to constitute a triangle, as shown 
in Fig. 8(c), normal vector calculation of the triangle. 
Delete points between three points in the P, form a new 

point P.  
(6) Repeat steps (2) to (5), until the point of the column P 

the remaining four points so far, connected diagonal, 
triangular domain partition is finally finished, as shown in 
Fig. 8 (d). 
 

 
(a) 

 

 
 

(b) 
 

 
(c) 

 
(d) 

Fig.8 Triangle Quadrilateral 

 



SHUFENG JIANG et al: STUDY ON IMPROVING THE QUALITY OF RECONSTRUCTED NURBS SURFACES 

 
 

DOI 10.5013/IJSSST.a.17.29.07                                         7.4                           ISSN: 1473-804x online, 1473-8031 print 

The sides of the triangle: 
In the triangular quadrilateral problem, because Catmull-

Clark [6-7] method has limitations uncontrolled mesh 
topology, both originally trilateral and quadrilateral sides of 
the field can be carried out, according to Catmull-Clark 
rules, triangular domain the four sides of the steps are as 
follows:  

(1) Determine the surface vertices. The surface is 
determined by the position coordinates of the vertices of the 
three vertices of a triangle composed of an arithmetic 
average obtained. 

(2) Determine the side of the midpoint. Taking the 
midpoint of the original triangle side of the midpoint of 
each side, complete all the vertices and edges of the triangle 
vertex of the surface in Fig. 9 (b).  

(3) New edge midpoint calculated according to the 
position of Catmull-Clark. 

(4) Connecting each vertex and the original plane 
midpoint connecting each vertex of the original and the new 
side of the midpoint, as shown in Fig. 9 (c). 

(5) Remove the original triangle mesh to form a new grid 
as shown in Fig. 9(d), once after Catmull-Clark subdivision; 
all four sides of the grid have become the domain. 

After completion of the four sides of a triangular field, 
point cloud data segments have certain regularity, we can 
point cloud data into the fitting surface, get a new domain 
model curved sides complete surface reconstruction. 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 
Fig.9 Quadrilateral Triangular Domain 

 

B.    Reconstruction of Experimental Verification 

By above knowable, this time NURBS can be curved 
quadrilateral into triangular Bezier surfaces, by the 
theoretical knowledge of the third chapter shows, Bezier 
surface is curved, has the characteristics of surface 
curvature transition is good, the surface smoothness is good. 

Construction of curved surface by using the Bezier 
method, if the surface boundary is more complex, can be 
very good boundary precision, ensure the surface. Therefore, 
this method can improve the fairness of the surface, while 
the precision loss of surface will not be too much. As 
shown in Fig. 10 (a), (b) Bezier surface is shown, 
transformation and the distribution of surface mesh, 
comparing Fig. 10 (b) surface mesh line and the above part 
of known sequence method, the grid line, determine the 
initial surface smoothness good. 
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(a) 

 

 
(b) 

Fig.10  Bezier Surface and Grid Lines 

 
In Fig. 11, Fig. 12 shows, conversion of Bezier surface 

smoothness and accuracy analysis, NURBS surface 
compared with smoothness and precision, surface after the 
conversion of smoothness better than before, the precision 
analysis is reduced, but the loss is smaller, the precision 
index does not exceed the 0.5mm . 

The above knowable Bezier surface smoothness is good, 
but based on the Bezier surface, which is composed of a 
single stage B spline surface, the capacity of local 
adjustment of the poor, if the surface and other surfaces to 
reconstruction in transition, surface trend uncertainty, 
extend surface easy to warp [8]. While the NURBS curved 
surface control point adjustment, the adjustment is only on 
the surrounding regional implications, can conveniently by 
tuning the control points to construct the surface to point 
cloud. It needs to be converted to NURBS surface Bezier 
surface again, because before the conversion, point cloud 
data compared to the original point cloud data orderly, 

extracted from point cloud data at this point, the point cloud 
data NURBS surface reconstruction, and evaluate the 
quality of the reconstructed surface. 
 

 
Fig.11 Bezier Surface Smoothing Analysis 

 

 
Fig.12 Bezier Surfaces Precision Analysis 
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As shown in Fig. 13, is a new surface smoothness 
analysis, compared with the initial NURBS fairing surface 
has been improved obviously, Fig. 14 is a new surface 
accuracy, surface reconstruction accuracy compared with 
the original NURBS surface increased. Therefore, the 
model does not require high precision and surface 
smoothness higher product requirements, can be used in 
surface reconstruction method for transformation of Bezier 
[9] surface and NURBS surface [10], so the surface 
smoothness is improved and the surface with minimal loss 
of accuracy. 
 

 
Fig.13 NURBS Surface Smoothing Analysis 

 
 

IV. CONCLUSIONS 
 

This paper analyzed the problem that smoothness of 
reconstructed transition surface does not meet the 
requirements. According to the practical application, it 
come up with the method that convers the NURBS surface 
into Bezier surface, then reconstruct the NURBS surface. 
The experimental method was deduced in principle. The 
validity of the proposed method was verified through 
relevant instance. The experimental results showed that, the 
reconstruction method can meet the covering model surface 
smoothness requirements better with less accuracy losing 
and has a certain application value. 

 
Fig.14  NURBS Surfaces Precision Analysis 
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