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Abstract 
It is very important to approximate a shape from the coordinates 

of a given set of points for surface reconstruction. The specific 

shape deals with curves in two dimensions and surfaces in three 

dimensions. In this paper we have presented a hybrid model of 

the ball pivoting and Delaunay algorithm for mesh 

reconstruction from 3D point cloud. The ball of a diameter d 

pivots around an edge keeping in contact with the edge’s 

endpoints until it touches another point, forming another triangle 

and the diameter of the ball is increased according to the 

requirement, when the pivoting ball is not able to reach to some 

of the sample points, then the pivoting ball is rotated in 3D. This 

improvement will lead to more effective representation of 3D 

image. The hybrid model of Ball Pivoting and Delaunay 

Algorithm is efficient in terms of execution time and storage 

requirements, number of triangles created, and time spend for 

computing triangles. 

Keywords: Ball Pivoting Algorithm, Delaunay Triangulation 

Algorithm, Surface Reconstruction, 3D point cloud. 

1. Introduction 

Surface reconstruction from range data involves four 

major steps. First step is data acquisition of surface 

samples with a laser range scanner. Second is data 

registration where alignment of several scans is done into 

a single co-ordinate system. Third step is data integration, 

the separate registered range maps are integrated into a 

single surface representation (often a polygon mesh). 

Fourth step is optimization, the single surface 

representation can be fitted better to the data, it may be 

further simplify, or the representation can be converted to 

some other format (e.g., smooth surfaces).  

 

The Ball Pivoting Algorithm makes two mild assumptions 

about the samples that the samples are distributed over the 

entire surface. The method is conceptually simple. 

Starting with a seed triangle, the ball of a radius p pivots 

around an edge keeping in contact with the edge’s 

endpoints until it touches another point, forming another  

triangle, which is added to the mesh, and the algorithm 

considers a new boundary edge for pivoting  [9]. 

 

The output mesh is a manifold subset of an alpha-shape of 

the point set [12]. Some of the nice properties of alpha-

shapes can also be proved for our reconstruction. The  

\ 

 

hybrid model of Ball Pivoting and Delaunay Algorithm is 

efficient in terms of execution time and storage 

requirements, number of triangles created, and 

computation of CPU time for creating triangles. It 

exhibited linear time performance on datasets consisting 

of millions of input samples. It has been implemented in a 

form that does not require all of the input data to be 

loaded into memory simultaneously. The resulting 

triangular mesh is incrementally saved to external storage 

during its computation, and does not use any additional 

memory. This paper focuses on the hybrid model of the 

ball pivoting and Delaunay algorithm for mesh 

reconstruction from 3D point cloud. In this paper we have 

presented a new method for finding a triangle mesh from 

unorganized set of points and improved the results in 

terms of execution time and storage requirements, number 

of triangles created, and time spend for computing 

triangles. The paper is structured as follows: In section 2 

we discuss the triangulation algorithms for surface 

reconstruction. Section 2 also describes the problem and 

related work. Section 3 describes the hybrid approach of 

Ball pivot algorithm and Delaunay algorithm in detail. 

Section 4 describes the flow of our hybrid approach of 

algorithms. We present results and discussions in section 5, 

and conclusion is in section 6. 

2. Triangulation Algorithms for Surface 

Reconstruction 

The algorithms for surfaces reconstruction from large data 

have been proposed in the past. Delaunay triangulations 

are important geometric data structures that are built on 

the notion of nearness. Many differential properties of 

curves and surfaces are defined on local neighborhoods. 

Delaunay triangulations provide a tool to approximate 

these neighborhoods in the discrete domain. They are 

defined for a point set in any Euclidean space. These are 

defined in two dimensions and mention the extensions to 

three dimensions since the curve and surface 

reconstruction algorithms are concerned with these two 

Euclidean spaces. The Delaunay triangulation is formed 

by joining all the circum circles. 
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The hardware projection is used to compute a 

triangulation from each range scan and then stitch them 

together. This gives a very fast reconstruction for each 

range scan. It faces difficulty if the projection of a scan 

self-overlaps. The consistent stitching of adjacent scans 

possesses problems. The current methods for stitching are 

based on stimulating interest as a means of furthering 

investigation and often create artifacts in the surface. The 

ball pivoting algorithm of was used to handle millions of 

sample points. This algorithm builds the surface 

incrementally by rolling a ball over the sample points. But 

It requires that the sample points be equally dense 

everywhere and each sample point have a surface normal. 

 

The Ball-Pivoting Algorithm computes a triangle mesh 

interpolating a given point cloud. Typically the points are 

surface samples acquired with multiple range scans of an 

object. The principle of the BPA is very simple: Three 

points form a triangle if a ball of a user-specified radius p 

touches them without containing any other point. Starting 

with a seed triangle, the ball pivots around an edge that 

means it revolves around the edge while keeping in 

contact with the edge’s endpoints until it touches another 

point, forming another triangle. The process continues 

until all reachable edges have been tried, and then starts 

from another seed triangle, until all points have been 

considered [9].  

 

The problem is formulated that when the sampling density 

is too low, means point is located at a larger distance than 

radius r then some of the edges will not be created, 

leaving holes and when the curvature of the manifold is 

larger than 1/p, some of the sample points will not be 

reached by the pivoting ball, and features will be missed. 

Standord vrip (Volumetric Range Image Processing) 

program was used to connect the points within each 

individual range data scan to provide estimates of surface 

normals. The plane carvers, large planes of triangles were 

also removed by using hole-filling algorithms. 

 

Our approach fills the holes by increasing the diameter of 

the ball according to the requirement and the ball pivots 

around an edge keeping in contact with the edge’s 

endpoints until it touches another point, forming another 

triangle. In our method Delaunay algorithm is also 

considered to resolve the problems occurred due to low or 

high density points. When some of the sample points will 

not be reached by the pivoting ball, then the pivoting ball 

is rotated in 3D. The hybrid model of the ball pivot and 

Delaunay algorithm will lead to improve more effective 

representation of 3D image.The hybrid model of Ball 

Pivoting and Delaunay Algorithm is computing the 

number of triangles very efficiently. Our method is also 

computing the I/O time, Memory usage and CPU time. I/O 

time is the time to read and write the file. Memory usage 

is the total space occupied to store the file. CPU time is 

time taken for creating one triangle. In our paper these 

parameters are compared with the past results. Table 1 

depicts the results carried out in the past research. We 

refer a review of research in the field [9]. 

3. The Ball Pivot & Delaunay Algorithm 

The hybrid model of the Ball pivoting algorithm and 

Delaunay algorithm is implemented for mesh 

reconstruction from 3D point cloud. The Delaunay 

triangulation is formed by joining all the circum circles.                                         

It is assumed that the distance between the vertices and the 

points a, b, c in the plane is measured using the standard 

distance. For a matrix: 

 

X1 Y1 Z1 

X2 Y2 Z2 

- - - 

Xn Yn Zn 

   

The distance between the vertices of the matrix and the 

points a, b, c can be computed by the equation: 

 

     (1)   

Delaunay triangulations are data structures that are built 

on the notion of nearness. Many differential properties of 

curves and surfaces are defined on local neighbourhoods. 

The algorithm to approximate the neighbourhoods in 

discrete domain is:  

{ 

   No =0 

for No<3 

Neg=Neg ∪  

No=0 

No=  

r=r+.1 

end 

} 

 

In this an approach is made to fill holes that the diameter 

of the ball is increased according to the requirement and 
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the ball pivots around an edge keeping in contact with 

the edge’s endpoints until it touches another point, 

forming another triangle. In the second approach the 

Delaunay algorithm is followed, Delaunay triangulations 

are data structures that are built on the notion of 

nearness, so when some of the sample points will not be 

reached by the pivoting ball, then the pivoting ball is 

rotated in 3D as shown in Fig. 1. 

4. Implementation 

 

 

Fig.2. Flow chart of hybrid model of Ball Pivoting Algorithm and 

Delaunay algorithm 

5. Results & Discussions 

Our experiments for this paper were conducted on a 2.20 

GHZ Core i3-2330M processor of Sony Vaio E series 

running windows 7. In our experiments we used several 

datasets like bunny, dragon, Buddha. The datasets are 

taken from the Stanford scanning database. In order to 

confirm the effectiveness of the research, we modified the 

ball pivot algorithm.  The hybrid model of the Ball 

pivoting algorithm and Delaunay algorithm was 

implemented in MATLAB. The whole code is less than 

150 lines. 

 

In dataset Bunny the number of points i.e. vertices are 

34835, in dataset Dragon the total vertices are 50000 and 

in dataset Buddha the number of vertices are 49990. d lists 

the diameter of the pivoting balls, in mm. The initial 

diameter of the pivoting ball for each dataset Bunny, 

Dragon, Buddha is fixed. The results are taken by 

considering a fixed initial value of diameter. With increase 

in diameter number of triangles will also increase. During 

simulation of the model the diameter of the ball will 

automatically increase according to the requirement. The 

total triangles are the number of triangles created by the 

hybrid approach of Ball Pivot and Delaunay algorithm. 

Memory usage is the maximum amount of memory used at 

any time during mesh generation, in MB. I/O Time is the 

time taken to read the input binary files and it also 

includes the time to write the output mesh, in seconds. 

CPU Time is the average time spent computing the 

triangulation, in seconds. 

 

Fig. 3, Fig.4, Fig. 5 represents the mesh reconstruction of 

the datasets Bunny, Dragon, Buddha respectively by our 

method. Table 2 gives the results of calculation of number 

of triangles, memory usage, I/O time, CPU time in case 

for Bunny, Dragon and Buddha by hybrid approach of 

both the algorithms. The hybrid model of Ball Pivoting 

and Delaunay Algorithm is computing the number of 

triangles very efficiently. I/O time is the time to read and 

write the file. Memory usage is the total space occupied to 

store the file. CPU time is time taken for creating one 

triangle. In our paper these parameters are compared with 

the past results. 

6. Conclusion 

The hybrid model of Ball Pivoting and Delaunay 

Algorithm is efficient in terms of execution time and 

storage requirements, number of triangles created, and 

time spend for computing triangles. It works on datasets 
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consisting of millions of input samples. It has been 

implemented in a form that does not require all of the 

input data to be loaded into memory simultaneously. The 

resulting triangle mesh is incrementally saved to external 

storage during its computation, and does not use any 

additional memory. 
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(a)                                                             (b)                                                                       (c) 

Fig. 1. The Ball Pivoting Algorithm in 3D (a) A circle of diameter d pivots from sample point to sample point, connecting them with edges. (b) When the 

sampling density is too low, the edges are created by increasing the diameter of the ball. (c) When the pivoting ball is not able to reach to the sample points, 

then ball starts rotating in other direction. 

 

 
 

Fig. 3 Bunny 
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Fig. 4 Dragon 

 
 

Fig. 5 Buddha 

Table 1: Summary of Results of Ball Pivoting Algorithm 
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