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Injection optimization of plastic parts

based on 3D reconstruction and finite

element analysis

Guangbin Xu1

Abstract. In order to solve the problems on the holes caused by various factors in the 3D
model, which have brought difficulties to the subsequent operation of the 3D model, a 3D hole
repair method based on curvature feature is proposed. The basic concept of this algorithm is using
Advancing Front Method to quickly fill holes for initial repair of the mesh, and then using the
mesh optimization technology to adjust the initial mesh based on the curvature feature of the hole
boundary point. First, according to the properties of the boundary edge in adjacent triangles,
the boundary of the hole is identified, and then the Advancing Front Method and the relations
between included angles of triangle top mark, the initial filling of the hole is completed. After
that, combined with the curvature standard, refinement is made for hole mesh. Finally, geometry
adjustment is made for the mesh top mark of repaired hole, to make it in natural transition with
the surrounding mesh. Experiments show that the algorithm is simple and stable, as well as can
complete the repair of different types of holes.

Key words. Triangular mesh, Hole repair, Advancing Front Method, Triangulation, Mesh
refinement.

1. Introduction

The 3D mesh model is widely used to represent the 3D model because of its sim-
ple definition and strong description ability. Due to the problems in scanning and
modeling, holes or other defects always exist in the mesh model, which brings diffi-
culties to many subsequent operations such as model repair, finite element analysis
and so on; therefore, the hole repair of mesh model is an important part of the early
processing of 3D model. In recent years, scholars at home and abroad have done a
lot of researches on the problem of 3D model hole repair, and obtained certain re-
sults [1-5]. Based on the analysis of these two kinds of methods, this paper presents
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a method of mesh model hole repair based on curvature feature. For this method,
it firstly uses the definition of boundary edges in the mesh model to identify all the
boundary points, and the boundary edges are connected to get the hole boundary.
Then, the Advancing Front Method is adopted to make triangulation for hole area
to get repair mesh, and then the curvature feature of the surrounding area is used
to complete the refinement of repair mesh. Finally, the mesh’s geometry is adjusted
to better integrate repair mesh the surrounding area of the hole while maintaining
the anisotropy.

2. Identification of hole boundary

Before repairing the hole, the boundary of the hole should be recognized first.
Triangular mesh model is composed of a series of vertices and triangles connecting
these vertices. The edge that just connects a triangle is called boundary edge, and
the point on the boundary edge is known as the boundary point. Boundary triangle
refers to the triangle that has one or two boundary points. According to the nature
of the mesh model, after traversing the mesh surface, as shown in figure 1, the head
and end of the boundary are connected to form the boundary of the hole. The
specific implementation methods are as follows:

Step1: for any vertex of the model surface, obtain the information of its adjacency
point and adjacent triangle

Step2: compare the number of the adjacency point and adjacent triangles of this
point. If it is equal, read the adjacency point to return step1; if not, mark L as the
boundary point, store the boundary point set and read the adjacency point, and
repeat step 2

Step3: repeat the above steps until the set of boundary points does not produce
any new point

Step4: connect the boundary edge, form a closed loop, and obtain the boundary
of the hole

Boundary edge

Boundary point

hole

Boundary point

 
  
Fig. 1. Boundary point and boundary edge
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3. Triangulation of Advancing Front Method

Triangulation is the key to solve the problem of hole repairing. For the traditional
triangulation method, in order to get the optimized mesh in a one-time manner,
various constraint conditions are added in the generated mesh model, for example,
Liepa [4] uses the dynamic programming algorithm, and its high time complexity
reaches O(n3). In this case, Advancing Front Method proposed by Lohner[11] and
Lo[12] is carried out for the generation of initial mesh. With the recursive thinking,
Advancing Front Method can effectively reduce the time complexity of problem,
with advantages of simple implementation, fast speed, and good control. It has
become one of the most important algorithms of mesh generation. The basic idea is
to initialize the boundary of the triangulation region to be a set of opposite sides,
called wavefront. With the current boundary as starting point, the triangle will
be generated continuously, and before the wave is updated, the boundary will be
narrowed until the wavefront is empty.

Advancing Front Method usually selects the vertex of the edge with the minimum
angle as current point, and the implementation steps of the algorithm are as follows:

Step1: use the boundary point of the hole to initialize the wavefront
Step2: calculate included angle of each angle νi’s adjacent edges (li, li+1) of the

wavefront
Step3: start with the vertices corresponding to the minimum angle, and generate

triangles in the plane determined by li and li+1 according to the rules in figure 2
Step4: add the wavefront unit of the newly constructed triangle to the wavefront

unit collection
Step5: repeat step2 until the front unit is empty

 
  Fig. 2. Rules of newly added triangles

Advancing Front Method is based on the original hole boundary for triangulation,
so the mesh generated by it can realize complete cover for the holes of any shape,
so as to ensure the robustness of the algorithm. In the algorithm, vivi+1 is directed
edge newly generated according to the principle of minimum angle. vnew, vnew1 and
vnew2 are newly generated vertices, forming directed edge with the original vertices,
and then joining the wavefront unit collection, to replace the original wavefront.
Then, new frontwave is divided again until the hole polygon is divided into triangles.
The maximum time complexity of this recursive algorithm is O(n), and the average
time complexity is O(logn). Compared with the time complexity of the traditional
optimization triangulation method O(n3), the speed of the hole triangulation is
greatly improved.

However, in the process of repair, the minimum angle principle applied will result
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in uneven distribution of the generated meshes, which will affect the final repair
results. Therefore, it is necesary to optimize the generated initial mesh.

4. Mesh Optimization based on Curvature

4.1. Mesh refinement

In the general process, all the edges that are more than the average length are
divided, and the new triangle method is generated to improve the quality of the
mesh by eliminating the long and narrow triangles. If the area of the long side is
relatively flat, such division is not necessary; otherwise, it will affect the real-time
performance of the program. Since curvature is an important index to reflect the
degree of crook of curved surface, curvature is introduced as a judgment index for
triangle refinement. The algorithm calculates the Gaussian curvature of each vertex
in the original hole boundary and takes its average value as the threshold. Then, the
Gaussian curvature of each new triangle vertex is calculated separately, and the edge
of the triangle that is larger than the threshold value is divided until the curvature
requirement is satisfied.

Gaussian curvature is an important index to reflect the degree of crook of curved
surface. The Voronoi method of Meyer[13] is used to estimate the Gaussian curvature
of each vertex of the triangular mesh. The method is to treat the curved surface
as a linear approximation of a group of meshes, and the geometric properties of the
point are approximated by the mean of the spatial mesh in the 1-neighborhood of
this point. Relevant definitions (shown in figure 3) :

pi is any vertex on the triangular mesh, and pj , pj+1, pj+2 are the adjacency
point.

θj is the included angle of pipj and pipj+1. A is an infinitesimal field of pi on the
curved surface of mesh.

Usually A is 1-adjacent area of pi which is sorted by the properties of the triangle.
As shown in figure 4, the outer heart of the acute triangle and the midpoint of the
other two sides are taken. For the obtuse triangle, the center of the corresponding
edge and the midpoint of the other two sides are taken. AM is the mixed area of
the whole neighborhood.

 
  Fig. 3. Definition of curvature’s

related parameter

 
  Fig. 4. 1-adjacent area

of pi

According to the Gauss-Bonnet theorem in differential geometry, the calculation
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formula of Gaussian curvature is as follows:

kG(pi) =
1

AM
(2π −

∑
j∈N(i)

θi) .

According to this formula, the Gaussian curvature of each point on the original
boundary of hole and its average value are calculated separately, and the Gaussian
curvature of each vertex of newly added triangle Si is then calculated. And the
mean curvature of the adjacent points represents the curvature kl of the edge l. If
kl is greater than kaver, the edge l is divided. The classification method is to select
the midpoint of l as newly inserted vertex, it is connected with the remaining two
vertices to form a new triangle.

Curvature as standard of triangular refinement is introduced so that the trian-
gle on more curved surface can be subdivided into multiple small triangles, while
the triangle on the flat surface does not need refinement, which better reflects the
anisotropy of surface triangulation, and improves the speed of the filling hole algo-
rithm at the same time.

4.2. Adjustment of Mesh Optimization

The empty circle characteristics of the Delaunay triangulation network and the
maximized minimum angle feature make the obtained mesh with high quality, and
the method of edge replacement used here [14] ensures the Delaunay property of
the mesh. For two adjacent triangles S1 and S2, circumcircle determined by S1 is
used to judge. If one vertex projection point is not included in the circle determined
by S1, thinking that it has Delaunay properties, and there is no need to adjust;
otherwise, the edge displacement should be made to get S1 and S2 as shown in
figure 5.otherwise, the edge displacement should be made to get 1S and 2S as shown in figure 5. 

 

 

Fig. 5. Edge replacement 

  

Fig. 5. Edge replacement

In order to make a better transition between the mesh obtained by edge replace-
ment and the surrounding mesh, Laplace operator is needed to adjust the vertex
position. The weighted centroid of each vertex in the neighborhood, as the new
vertex position, is determined by the vertex density in the neighborhood.

5. Experiment results and analysis

In this paper, the proposed algorithm f repairing hole is verified by different
types of holes. Table 1 shows the required time for repair the hole of the different
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complexity model. It can be seen from the execution time that for even more complex
model, by using the method of this paper, the hole repair can be finished in a short
time. First, the original scan bunny model of Stanford was used for experiments.
There were several standard holes of different sizes in the model. As shown in
figure. 6 (a), it is a small irregular hole in the corner, and its repair figure displays
the repair result is good. The area of the hole in figure 6 (b) is larger, with more
obvious boundary characteristics. The repair results basically reflect the geometric
characteristics of the original boundary. The holes in the model in figure 7 and figure
8 are large ones caused by human, and the application of this method for them has
also obtained better repair results. Figure 9 shows the results of using this method
to repair holes in the skull 3D model. The hole area is larger and the curvature of
the position is larger. From the repair results, it can be seen that the hole mesh
and the surrounding mesh have formed a better fitting and the transition is more
natural.

Table 1. Time of hole filling of four different models

Model number of vertex Number of triangular patch Time (ms)

Cow 4896 8735 10
Bunny 35947 69451 42

Human face 236484 492543 121
skull 1380943 2790874 794

 

 

Fig. 6(a). The front hole of Bunny model and its repair results 

 

Fig. 6(b). The bottom hole of Bunny model and its repair results 

  

(a)

 

 

Fig. 6(a). The front hole of Bunny model and its repair results 

 

Fig. 6(b). The bottom hole of Bunny model and its repair results 

  

(b)

Fig. 6. (a) The front hole of Bunny model and its repair results; (b) The bottom
hole of Bunny model and its repair results

 

Fig. 7. Hole of cow model and its repair results 

  

Fig. 7. Hole of cow model and its repair results
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Fig. 8. Hole of human face and its repair results 

  

Fig. 8. Hole of human face and its repair results

 

Fig. 9. Hole of skull 3D model and its repair results 

 

 

Fig. 9. Hole of skull 3D model and its repair results

6. Conclusion

This paper presents an efficient and robust 3D model hole filling algorithm. First,
the definition of the boundary edge is used to identify the hole boundary, then the
advancing front method is used to complete the initial repair of the hole. And ac-
cording to the curvature standard, the initial mesh refinement is completed. Finally,
according to the nature of the Delaunay, the mesh is optimized to get high-quality
repaired mesh. The experimental results show that this method achieves the ideal
repair results for different types of holes. In the next step, we will conduct in-depth
research on the maintenance of the mesh feature and the continuous transition with
the surrounding mesh, so as to obtain more ideal repair results.
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