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Abstract

Due to the emergence of 3D scanning technology, in the process of acquiring

spatial information of the model, incomplete data often results in the loss of

model data, which leads to holes in the acquired digital model. The defective

model affects the appearance of the model. What’s more, it will cause a lot of

inconvenience to the subsequent research and treatments. Regarding the

problems existing in the hole repairing of the 3D scanning model, a hole repairing

method based on the improved wavefront method is proposed in this paper. After

the initial mesh is formed by the wavefront method, the curvature can be

repaired and the triangle patch can be rotated to a reasonable position. The

experimental results show that the algorithm effectively and quickly generates

high-quality closed meshes in the corresponding hole types. Besides, it can

accurately restore the geometric features of the hole area while retaining the

original information of the model. The proposed algorithm in this paper can be

applied in the fields of reverse engineering, archaeology, digital heritage, medical

visualization, 3D reconstruction, etc.

Keywords: Wavefront method; Hole repairing; Triangle mesh; Curvature

recovery

1 Introduction

Continuous breakthroughs have been made in computer vision technology in recent

years. 3D spatial scanning technology can convert the spatial 3D information of the

object into digital signals that can be processed by the computer, which provides

people with a very convenient means to digitize the 3D model of the object. 3D mod-

els are widely used in reverse engineering, finite element analysis, archaeology, digital

heritage, medical visualization, automatic driving, virtual reality, biomedicine, 3D

reconstruction, and other fields[1, 2, 3].

At the time of obtaining the spatial information of the model, the obtained data

will be incomplete. There may be several reasons from many aspects explaining this.

For example, when scanning a 3D target with a 3D laser scanner, the lost local in-

formation of the entity itself often leads to the loss of 3D scanning data information

to further produce holes in the obtained digital model due to the complexity of the

target object surface (depression, bending, etc.), the limitation of the visible field of

view of the scanning equipment or the damaged or defective surface of the scanned

object. The defective model affects the appearance of the model. What’s more, it

will cause a lot of inconvenience to the subsequent research and treatments. For

example, in the research on the protection of cultural relics, the cultural relics that

have passed through the years or have been affected to varying degrees are scanned
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and repaired by the 3D geometric information with holes. Finally, a complete digital

model is generated so that the digital cultural relics can be permanently preserved,

which plays a very important role in the research, reproduction, relocation, and

virtual exhibition of cultural relics[4, 5]. In the cranioplasty operation, we can scan

the missing bones and repair the scanned model of missing holes before the oper-

ation to make a repairosome consistent with the bones, which not only shortens a

lot of operation time but also reduces the operation risk. In the 3D reconstruction,

if there are holes in the model, the results will be incorrect.

Domestic and foreign researchers have proposed a variety of classical 3D model

hole repairing algorithms. Davis et al.[6] used the voxel to define a symbolic distance

field and adopted diffusion operators to diffuse voxels to the hole area on the contour

surface to repair the 3D model holes. However, its calculation efficiency was low and

the repair results could not restore the characteristics of the original model. Ju[7]

put forward the concept of the inner/outer body of voxel and established the octree

mesh model. Then, the equidistant surface was extracted to reconstruct the surface.

It is not only an effective method to repair arbitrary polygon 3D models but also is

provided with robustness. However, the repair quality of the complex 3D model is

also lower than that of the original model. Hétroy et al.[8]used voxels to represent

the input arbitrary polygon mesh data and then converted the corrected voxels back

to the mesh data. This algorithm has a good effect on the large-area hole repair

but the repair effect is not ideal for the hole area that requires repairing detailed

features.

Zhang et al.[9] first found two boundaries with the minimum included angle by

traversing the model hole’s boundary and directly connecting them to judge the

location of the new points. However, the new triangle patches in this method have

different sizes, strange shapes, and poor repair effects. Wang et al. [10] used the

wavefront method to repair the holes to obtain the initial mesh and then adopted

the spatial information of the boundary to calculate the reasonable position of the

new points and adjust the position of the triangle patch of the initial mesh. This

method can completely seal the repair hole but it will cause the loss of the geometric

features with large curvature change. Besides, the repair effect is relatively flat. Ji

et al.[11] used the principle of minimum angle to obtain the initial repair mesh of

the hole and then established RBF (radial basis function) to fit the curved surface

by adjusting the initial mesh to the fitting curved surface. The repair result of this

method is relatively smooth but the triangle mesh will be deformed in the process of

adjusting the normal direction of the triangle patch. At the same time, this method

can only meet the local hole repair.

2 Methods

2.1 Wavefront method

The wavefront method is often used to quickly seal and fill holes in boundary pre-

treatment as a result of its good robustness and is deemed as a very important

idea in hole repair of the mesh model. The wavefront method is equipped with the

idea of recursion to quickly generate the repair mesh with good controllability[12].

The wavefront method is implemented based on triangulation. To obtain the op-

timal repair mesh at one time, the traditional triangulation is added with many
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constraints when repairing holes, such as the dynamic programming algorithm with

time complexity of as high as O(n3) used by Liepa[13].

The basic realization of the traditional wavefront method is to initialize the bound-

ary set of holes connected from the head to the tail, which is called wavefront. The

triangle mesh vertex sequence set is known as {Vi} with a boundary Vi as the start-

ing point to continuously generate triangles into the hole as shown in Figure 1. The

wavefront is updated each time a triangle is generated, and the boundary gradually

shrinks until the wavefront is empty. At the time of the use of the wavefront method,

the boundary point with the minimum angle is selected as the starting point for

repair. The specific implementation steps are as follows:

(1) Test the hole and obtain the set of boundary points of the hole to initialize

the wavefront.

(2) Calculate the included angle formed by the half-edges of all adjacent bound-

aries on the hole boundary.

(3) Find the minimum included angle θmin composed of boundary points and add

a new triangle patch according to the rules of the new triangle starting from the

corresponding half-edge. The rules are as follows: Assuming the thresholds of two

angles as α and β (0 < α < β < π), when 0 < θmin ≤ α, it is needed to connect

two points Vi−1 and Vi+1 to form a new triangle surface. When α < θmin ≤ β, it

is needed to add the new point Vnew on the bisection direction of θmin at the place

where the length is the average length l = (lVi−1Vi
+ lViVi+1

)/2 obtained from the

sum of both sides of Vi−1Vi and ViVi+1, and then connect ViVnew, VnewVi−1and

Vi+1Vnew to form two new triangle patches. When β < θmin < π, it is needed to

add the new point Vnew1 and Vnew2 on the trisection direction of θmin at the place

where the length is the average length l = (lVi−1Vi
+ lViVi+1

)/2 obtained from the

sum of both sides of Vi−1Vi and ViVi+1, and connect ViVnew1, Vnew1Vi−1, ViVnew2,

Vnew2Vnew1, and Vi+1Vnew2 in turn to form three new triangle patches.

(4) Add the newly added triangle patches to the triangle patch sequence of the

wavefront.

(5) Repeat (2)-(4) until the hole is filled. When the number of boundary point

is equal to 3, it is needed to stop adding new points. The hole repair is deemed as

having been completed.

Figure 1 Rules of Adding A New Triangle by Traditional Wavefront Method

Because the traditional hole repair algorithm based on the wavefront method is

provided with the minimum angle principle, the boundary point with the minimum

included angle is repaired every time. In addition, the side length of the surface

added each time by the wavefront method depends on the length of the adjacent
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sides of the processing point, which will lead to the newly added triangle becoming

smaller and smaller after repair. There may be situations where it is impossible to

makeup or it takes a long time. Experiments show that in the actual hole repair

process, for holes with large curved surface curvature, only one side of the hole

is often repaired, which greatly prolongs the repair time while resulting in the

different distribution of the mesh density, the poor shape effect and even the frequent

occurrence of incomplete repair. As shown in Figure 2, (a) is a model with holes.

After 2000 iterations of this hole, there is a tendency to focus on the treatment on

one side as shown in the red circles in (b) and (c).

(a) (b) (c)

Figure 2 Disadvantages of Traditional Wavefront Method (a) Model with Holes; (b)Key
Treatment on One Side of the Hole; (c) Zoom in to Observe the Part that Got the key Treatment
on One Side of the Hole

2.2 Improvement Based on Traditional Wavefront Method

Lu[14] proposed an improvement on the traditional wavefront method after consid-

ering the generation of long and narrow triangle patches. However, a lot of calcula-

tions were increased. The minimum angle is almost impossible to be greater than,

and only the concave angle can be considered. Besides, the length of each side of

the added face is the same as the original rule, so it will still focus on repairing

one side. The algorithm in the paper is improved based on the wavefront method

proposed by Lohner et al. [15] and Lo [16]. When obtaining the processing point of

the minimum angle, the judgment conditions are added as shown in Figure 3:

(1) Test the hole and obtain the hole boundary point set; calculate the average

lengthAvglen of the current hole boundary before the initialization of the wavefront.

(2) Calculate the included angle formed by half-edges of all adjacent boundaries

on the hole boundary.

(3) If the included angle θmin of this point is within 0 < θmin < µ (The value of

µ can be changed. The default value: µ = 150◦), the point with the smallest angle

is still used as the treatment point to start the repair.

(4) If the included angle θmin of this point is within µ ≤ θmin ≤ π, it is needed to

select a point randomly among all current boundary points as the processing point.

(5) Add a new triangle patch on the processing point according to the rule of

adding a new triangle. The rules are as follows: assuming that the thresholds of

two angles as α and β (0 < α < β < π, α = 75◦, and β = 135◦ by default).

As shown in Figure 4, when 0 < θmin ≤ α, the rule remains unchanged and it is

needed to connect two points Vi−1 and Vi+1 to form a new triangle surface. When
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α < θmin ≤ β, it is needed to add the new point Vnew on the bisection direction

of θ at the place where the length is Avglen and connect ViVnew, VnewVi−1 and

Vi+1Vnew in turn to form two new triangle patches. When β < θ < π, it is needed

to add the new point Vnew1 and Vnew2 on the trisection direction of θ at the place

where the length is Avglen and connect ViVnew1, Vnew1Vi−1, ViVnew2, Vnew2Vnew1

and Vi+1Vnew2in turn to form three new triangle patches.

(5) Add the newly added triangle patches to the wavefront.

(6) Repeat (2)-(5) until the hole is filled. When the number of boundary point is

equal to 3, it is needed to stop adding new points. The remaining three boundary

points form a triangle patch and the hole repair is deemed as has been completed.

Figure 3 Rules of Adding A New Triangle by Improved Wavefront Method

2.2.1 Curvature restoration

There are many ways to realize the curvature restoration of the hole area. For ex-

ample, Li et al. [17] established Poisson’s equation to reconstruct the initialized

mesh to fit the curved surface and then stitched the predicted surface with the orig-

inal model. Liu et al. [18] weighted the corrected normal direction of the vertex of

the hole vertices and then established a weighting function to solve the minimized

weighting function. Later, the coordinates of the new points to adjust the curvature

were obtained. Ji et al. [11] used the radial basis function to build implicit equa-

tions for curved surfaces and then mapped the newly added points onto the curved

surface.

The hole region curvature restoration method used in the paper is to make use of

the geometric space information of the boundary vertices to rotate the new triangle

patches to a reasonable position so that the new triangle patches can fit the surface

features of the original model as much as possible and realize the original geometric

shape restoration of the missing part of the model. This method can restore the

curvature quickly and effectively without increasing the computational pressure of

the program.

An adjacent domain triangle surface of the boundary vertex Vi in the triangle mesh

model is shown in Figure 4. Vi−1, Vi and Vi+1 are the boundary points adjacent

to the hole and fk is a triangle patch of 1-ring. Nfk is the normal direction of fk
and g is the center of gravity of fk. Gk is the distance from g to Vi and NVi

is the

expected normal direction of Vi.

The expected normal direction of a vertex is obtained by the weighted average of

the normal directions of all its adjacent triangle patches. Assuming that vertex Vi

has n adjacent surfaces and the weight of the triangle patch fk is ωk, the expected

normal direction of the vertex is calculated by Equation (1).
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Figure 4 An Adjacent Domain Triangle Surface of the Boundary Vertex Vi

Nvi
=

n
∑

k=1

ωiNfi (1)

ωk has a great influence on the calculated expected normal direction of the vertex.

At present, there are many methods to calculate the weight and different parameters

will be taken into account. The weight calculation Equation (2) used in the paper

refers to the ratio of triangular shape factor λ to the distance Vi from the center of

gravity to Gk proposed by Lu [14], the weight ωk is defined as follows.

ωk = λ/Gk (2)

Triangle shape factor refers to the value of twice the ratio of the radius of the

inscribed circle to the radius of the circumscribed circle. Assuming that the lengths

of the three sides of the triangle are a, b and c, and the area is S, the Equation

(3) for calculating the shape factor λ is as follows according to the deduction from

the Equation r = 2S/(a + b + c)of the radius of the inscribed circle and Equation

R = abc/4S of the radius of the circumscribed circle.

λ = 2×

(

2S/(a+ b+ c)

abc/4S

)

(3)

According to Heron’s formula S =
√

p(p− a)(p− b)(p− c) and the application

of the perimeter p = (a + b+ c)/2 into Equation (3), the final Equation (4) of the

shape factor can be obtained.

λ =
(a+ b− c)(a+ c− b)(b+ c− a)

abc
(4)

As shown in Figure 4, ViVi+1 and ViVi−1 are the boundary edges of holes. When

calculating the expected normal direction of the vertex Vi, it is necessary to add the

triangle patch ViVi+1Vi−1 into the equation, that is, to make up all adjacent triangles

before calculating. The aim is to make the calculation result more complete.

According to the new rules of adding the new triangle patches, three different

conditions correspond to different ways of estimation.
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Case (a) is to add a new triangle patch ViVi+1Vi−1, then the expected normal

direction of the triangle patch ViVi+1Vi−1 is the average value of the expected

normal directions of the three vertices, that is N ′

f = (NVi
+NVi+1

+NVi−1
)/3.

Case (b) is to add two new triangle patches ViVnewVi+1 and ViVi−1Vnew, then

the expected normal direction of the triangle patch ViVnewVi+1 is the average value

of the expected normal directions Vi and Vi+1, that is, N ′

f1
= (NVi

+ NVi+1
)/2.

Similarly, the expected normal direction of the triangle patch ViVi−1Vnew is N ′

f2
=

(NVi
+NVi−1

)/2.

Case (c) is to add three new triangle patches ViVnew2Vi+1, ViVi−1Vnew2 and

ViVnew1Vnew2. Because the known geometry information of the triangle patch

ViVnew1Vnew2 is less, the normal direction adjustment for the triangle patch is not

performed. The adjustment only be performed for the triangle patches ViVnew2Vi+1

and ViVi−1Vnew2 and their expected normal directions are N ′

f1
= (NVi

+NVi+1
)/2

and N ′

f2
= (NVi

+NVi−1
)/2 respectively.

Assuming that the new triangle patch f is rotated, Nf is the original normal

direction of f , N ′

f is the expected normal direction of f , g is the center of gravity of

f with a direction of rotation axis Nrotate = Nf×N ′

f , a rotation angle θ = 〈Nf , N
′

f 〉.

Because it rotates around the center of gravity and the rotation axis does not pass

through the origin, it is necessary to translate the center of gravity to the origin to

rotate and then translate back.

The rotation matrix Rxyz is as shown in Equation (5)

Rxyz =

[

x2 +
(

y2 + z2
)

cos θ xy(1− cos θ)− z sin θ xz(1− cos θ) + y sin θ
xy(1− cos θ) + z sin θ y2 +

(

x2 + z2
)

cos θ yz(1− cos θ)− x sin θ
xz(1− cos θ)− y sin θ yz(1− cos θ) + x sin θ z2 +

(

x2 + y2
)

cos θ

]

(5)

The translation matrix Txyz is as shown in Equation (6)

Txyz =







(

a
(

y2 + z2
)

− x(by + cz)
)

(1− cos θ) + (bz − cy) sin θ
(

b
(

x2 + z2
)

− y(ax+ cz)
)

(1− cos θ) + (cx− az) sin θ
(

c
(

x2 + y2
)

− z(ax+ by)
)

(1− cos θ) + (ay − bx) sin θ






(6)

So, the final transformation matrix Mxyz = RxyzTxyz is as shown in Equation

(7):

Mxyz =

[

Rxyz Txyz

0 1

]

(7)

In Equations (5), (6), and (7), θ is the rotation angle, and x, y, and z correspond

to the coordinates of the rotation axis Nrotate respectively. a, b and c correspond

to the coordinates of the center of gravity g = (a, b, c) respectively.

After the triangle patch is processed by the above change matrix, the triangle

patch can be rotated around its center of gravity to the new position behind the

expected normal direction as shown in Figure 5.
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Original normal direction

Expected normal direction

Normal direction adjustment

Figure 5 Schematic Diagram of Rotation of Triangle Patch

2.2.2 Hole repair process

The mesh model data is firstly input into the hole repairing process and then the

improved wavefront method is used to repair the triangle patches of the holes.

Meanwhile, the curvature of each triangle patch is repaired until all the holes are

repaired. The repaired mesh model data is output as shown in the specific process

of Figure 6.

Start

Input the model

Triangle patch repair of the 

improved hole based on the 

traditional wavefront

Curvature repair of the 

triangle patch

Update the wavefront

Is the number of the 

boundary edges of 

the remaining 

unprocessed holes 

equal to 3

Output the model

(.off format)

The remaining edges 

directly form a new 

triangle patch

End

No Yes

Figure 6 Hole Repair Process

3 Results and discussion

The proposed algorithm in this paper is implemented by C++ on a computer with

an i7 processor, CPU with a basic frequency of 2.60GHz, and a memory of 16.0GB.

Several models with holes are repaired below.
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(1) Repair the bunny model with holes. Conditional thresholds are set to α = 75◦,

β = 135◦, µ = 150◦ respectively. The effect comparison of models before and after

the repair is shown in Figure 7.

(a) (b) (c) (d) (e) (f) (g)

Figure 7 bunny Model (a)Render Model Before Repair; (b)Render Model After Repair; (c)Mesh
Model Before Repair; (d)Mesh Model after Repair; (e)Repair Details; (f)Hole Observation;
(g)Repair Effect Observation

(2) Repair the rocker model. Conditional thresholds are set to α = 95◦, β = 135◦,

µ = 150◦ respectively. The effect comparison of models before and after the repair

is shown in Figure 8.

(a) (b) (c) (d) (e) (f) (g)

Figure 8 rocker Model (a)Render Model Before Repair; (b)Render Model After Repair; (c)Mesh
Model Before Repair; (d)Mesh Model after Repair; (e)Repair Details; (f)Hole Observation;
(g)Repair Effect Observation

(3) Repair the horse model. Conditional thresholds are set to α = 90◦, β = 135◦,

µ = 150◦ respectively. The effect comparison of models before and after the repair

is shown in Figure 9.

(a) (b) (c) (d) (e) (f) (g)

Figure 9 horse Model (a)Render Model Before Repair; (b)Render Model After Repair; (c)Mesh
Model Before Repair; (d)Mesh Model after Repair; (e)Repair Details; (f)Hole Observation;
(g)Repair Effect Observation

(4) Repair the blobby model. Conditional thresholds are set to α = 90◦, β = 135◦,

µ = 150◦ respectively. The effect comparison of models before and after the repair

is shown in Figure 10.

The following table shows the data comparison before and after the repair of the

hole model with the hole repair method based on the improved wavefront method.

3.1 Comparison of the algorithm of the paper and the effect of MeshLab software

MeshLab is deemed as a commonly used open-source software for processing and

editing triangular mesh models. The software has the function of repairing holes in

the triangle mesh models. The repair effect by using this function is compared with

the algorithm effect in the paper as shown in Figures 11, 12, 13 and 14.
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(a) (b) (c) (d) (e) (f) (g)

Figure 10 blobby Model (a)Render Model Before Repair; (b)Render Model After Repair; (c)Mesh
Model Before Repair; (d)Mesh Model after Repair; (e)Repair Details; (f)Hole Observation;
(g)Repair Effect Observation

Table 1 Data Comparison Before and After Repair of the Hole Model

Model
name

Number of
triangles
(front)

Number of
triangles
(back)

Number
of added
triangles

Number
of vertices
(front)

Number
of vertices
(back)

Number
of added
vertices

Number
of bound-
ary edges

Running
time (s)

bunny 8546 8720 174 4289 4365 76 36 3.2360
rocker 18686 18686 120 9359 9359 43 34 5.307
horse 96764 96980 216 48403 48492 89 40 21.769
blobby 3854 4072 218 1948 2038 90 40 2.263

Table 2 shows the data comparison before and after the repair of the hole model

with MeshLab software.

(a) (b) (c) (d)

Figure 11 rocker Model (a)Model with Holes; (b)Repair Result using the Proposed Algorithm;
(c)Repair Result using MeshLab; (d)Enlarged View of Repair Mesh using MeshLab;

In terms of the treatment of holes with MeshLab software, it can be seen that

MeshLab software only triangulates the hole polygon and does not add new points.

Only a simple repair is performed. The repaired mesh not only differs greatly from

the initial mesh density of the model but also cannot restore the original curvature.

Table 2 Data Comparison Before and After Repair of the Hole Model Using MeshLab Software

Model
name

Number of
triangles
(front)

Number of
triangles
(back)

Number
of added
triangles

Number
of vertices
(front)

Number
of vertices
(back)

Number
of added
vertices

Number of
boundary
edges

bunny 8546 8574 28 4289 4289 0 36
rocker 18686 18718 32 9359 9359 0 34
horse 96764 96802 38 48403 48403 0 40
blobby 3854 3892 38 1948 1948 0 40

3.2 Function Comparison of the algorithm of the paper and the repaired hole of the

CGAL library

CGAL (Computational Geometry Algorithms Library) is a geometric algorithm

library developed based on C++ language and is widely used in the geometric

calculation-related fields. The authority provides a case of model hole repair. The

effect of using this case to repair the above models is shown in Figures 14, 15, 16
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(a) (b) (c) (d)

Figure 12 rocker Model (a)Model with Holes; (b)Repair Result using the Proposed Algorithm;
(c)Repair Result using MeshLab; (d)Enlarged View of Repair Mesh using MeshLab;

(a) Model with Holes (b) (c) (d)

Figure 13 horse Model (a)Model with Holes; (b)Repair Result using the Proposed Algorithm;
(c)Repair Result using MeshLab; (d)Enlarged View of Repair Mesh using MeshLab;

(a) (b) (c) (d)

Figure 14 blobby Model (a)Model with Holes; (b)Repair Result using the Proposed Algorithm;
(c)Repair Result using MeshLab; (d)Enlarged View of Repair Mesh using MeshLab;

(a) (b) (c) (d)

Figure 15 rocker Model (a)Model with Holes; (b)Repair Result using the Proposed Algorithm;
(c)Repair Result using CGAL; (d)Enlarged View of Repair Mesh using CGAL;
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(a) (b) (c) (d)

Figure 16 blobby Model (a)Model with Holes; (b)Repair Result using the Proposed Algorithm;
(c)Repair Result using CGAL; (d)Enlarged View of Repair Mesh using CGAL;

(a) (b) (c) (d)

Figure 17 bunny Model (a)Model with Holes; (b)Repair Result using the Proposed Algorithm;
(c)Repair Result using CGAL; (d)Enlarged View of Repair Mesh using CGAL;

(a) (b) (c) (d)

Figure 18 bunny Model (a)Model with Holes; (b)Repair Result using the Proposed Algorithm;
(c)Repair Result using CGAL; (d)Enlarged View of Repair Mesh using CGAL;
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and 17. It can be seen that the CGAL library is powerful and the hole repair

effect is very ideal. The repaired mesh will also be refined and smoothed. It not only

has the same density as the original model but also can accurately restore the lost

geometric features. Besides, it has a smooth transition with the original model but

the whole repair process consumes a lot of time. In particular, model documents

with large documents are very slow to read and very slow to repair. Compared with

CGAL, the repair effect on the curved surface of the algorithm of the paper is close

and the time consumption is much less. Under the repair mesh with almost the

same effect, the algorithm in the paper is more efficient than CGAL.

Table 3 Data Comparison Before and After Repair of the Hole Model Using the CGAL Official Case

Model
name

Number of
triangles
(front)

Number of
triangles
(back)

Number
of added
triangles

Number
of vertices
(front)

Number
of vertices
(back)

Number
of added
vertices

Number
of bound-
ary edges

Running
time of
CGAL(s)

Running time
of the proposed
algorithm(s)

rocker 18686 18790 104 9359 9395 36 36 89.7948 5.307
blobby 3854 4048 194 1948 2011 63 34 35.5048 2.263
bunny 70166 70382 216 35104 35193 89 112 3419.58 2.536
buddh 122760 122978 447 61383 61473 190 69 3516.38 4.398

4 Conclusions

Through the analysis of the above experimental results, the following conclusions

can be drawn: the improved wavefront method is used to repair the holes in the

paper. When repairing the holes on the curved surface, it can quickly gather into the

holes through the geometric space information of the vertex of the hole boundary

points, which can repair the holes quickly while avoiding the situation of incomplete

holes caused by side repair. A high-quality closed mesh with uniform density is

generated, which matches the density of the original model. The hole repair mesh

maintains good consistency with the surrounding surface and can almost restore

the original surface features of the hole while retaining the original information of

the model. The repair operation is convenient and the operation is efficient. The

robustness is good. However, for the large hole area, the center part of the repaired

mesh is slightly raised, so the regenerated mesh does not look smooth enough.

The time complexity of the algorithm used in the paper is estimated as O(n2)

while the time complexity of the traditional triangulation algorithm is O(n3). It

can be seen that the algorithm in the paper has greatly optimized the speed of

mesh repair. Because the difference between α and β has an impact on the effect of

generating the repair mesh, the overlapping of triangle patches may appear in the

obtained repair mesh. Detail treatment, such as checking whether the position is

reasonable each time a triangle surface is added to avoid the occurrence of narrow

triangles and mesh intersection. These treatments will affect the quality and beauty

of the generated mesh.
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