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Simplification of 3D point cloud data based on ray theory
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Abstract
To effectively reduce the amount of 3D point cloud data, whose shape is symmetrical or spherical, this paper proposes an efficient
simplification algorithm based on ray theory. Meanwhile, a boundary retention method based on the distribution uniformity of
neighbouring data points is used to keep the model complete. Avoiding time-consuming recursion and curvature estimation, the
proposed method is much efficient and achieves good simplification results.
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search of k nearest neighbours in a kd-tree, please refer to
[11].

1 Introduction
In recent years, with the decrease in cost and the
increased precision of 3D scanners, 3D point clouds have
become an important data representation form in
graphics, reverse engineering, and industrial fields [1].
However, the huge of original 3D point cloud data causes
great difficulties in 3D reconstruction. As a result,
denoising and simplification of the 3D point cloud are
important pre-processing steps [2]. Algorithms for
simplifying 3D point cloud data include simplification
based on clustering [3-5] and simplification based on
curvature [6-8], amongst others. Although these methods
can reduce the size of the point cloud, retain
characteristics of the point cloud model, and increase the
reconstruction efficiency of the model to some extent,
most of them require recursive calculations and curvature
estimation. Thus, these algorithms are quite timeconsuming, especially for models with enormous point
cloud data.
This paper aims at reducing 3D point cloud data
whose shape is symmetrical or spherical, such as head,
fruit, mechanical devices et al. In this paper, in order to
simplify 3D point cloud data, we assume, based on the
ray principle, that the centre of a 3D point cloud model
generates several rays, and that data locates at a certain
distance from the rays will be reduced. Meanwhile, a
boundary retention method based on distribution
uniformity of neighbouring data points is used to retain
the boundaries of the model [9, 10], thereby guaranteeing
the completeness of the data after simplification.
To conduct a rapid local search of data points, a kdtree is constructed to establish the topological relations
among the point cloud data. The organized point data
structure of the kd-tree in a k-dimensional Euclidean
space is a special binary tree. There are many studies on

2 Foundation of the proposed algorithm
2.1 RAY PRINCIPLE
The ray principle is simple and easy to understand. First,
suppose that the central point of the point cloud data
generates rays evenly in all directions, as shown in Figure
1(a), with the rays filling the entire 3D space. Regarding
the point cloud model (as shown in Figure 1(b, c)) in this
space, if the distance from a certain point in the model to
the nearest ray is smaller than a given distance, this point
will be simplified. The denser the rays are, the greater the
distance is, and the more data points in the 3D point
cloud model can be reduced. Therefore, different degrees
of simplification results can be achieved by controlling
the number of rays and other parameters.

a. Ray in the
space

b. The cat point
cloud model

c. Schematic diagram
of simplification
method

FIGURE 1 Generation principle of rays

2.2 RAY GENERATION
Since the ray principle is the foundation of this paper, the
simplification result of the point cloud model is directly
related to the way that the rays are generated. Basically,
two points make up one line, the centre of the 3D point
cloud model is set as one point for all rays. Thus, the
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coordinates of the other points must be generated
according to a specific rule, to form all rays. For
convenience of generating coordinate points, a minimum
cube Vm that encircles the point cloud model is first
generated. Suppose that the length of this cube is L , and
the maximum and minimum values of the scattered point
cloud in the directions of the X-, Y- and Z-axes are
X max , Ymax , Z max , X min , Ymin , and Z min , respectively.
Then, the length of the cube is calculated as

L  Max((Xmax  Xmin ),(Ymax  Ymin ),(Zmax  Zmin )) .

2.3 DETERMININATION OF THE DATA POINTS
FOR SIMPLIFICATION
To increase efficiency, the equation of the line on which
the ray is located is not calculated, instead, the distance
from the point to the line is calculated using the relation
between the vectors. Suppose that the direction vector of
line L is s  (n, m,q) , M is a point on the line
and p is a point beyond the line. Thus, the distance

(1)

A cube that entirely encircles the point cloud model is
created by setting L as the length and (Xmin , Ymin , Zmin )
as the vertex. Then, the required points are generated on
the six sides of the cube. By taking a plane parallel with
the XOY plane as an example as shown in Figure 2,
suppose that the two sides of this plane parallel with the
X- and Y-axes are L1 and L 2 , respectively, and the
end vertexes of the two sides are P1 (x1 , y1 , z1 ) ,

from p to L is d  | MP  s | . If d is less than the
s
given distance dis , then p should be reduced;
otherwise p will be retained. dis is used as the
judgment distance to control the degree of simplification.
In this paper, locations far away from the central point,
lines will be sparse, and thus the simplification degree
will be low. Therefore, dis should vary with a change
in the distance from the data point to the central point.
The greater the distance, the greater the value of dis
should be. Suppose that the central point is Mid and the
data point is pi ; disi is used as the judgment distance
when carrying out the simplification operation for each
data point, disi is computed by Equation (5) , where x is

P2 (x 2 , y 2 , z 2 ) , P2 and P3 (x 3 , y3 , z3 ) , respectively. The
coordinates of the generated point Pi (x i , yi , zi ) are
calculated as
xi  (i/ n)  (x1  x 2 )  x 2
(i  0,1, 2..., n  1, n)

(2)

yi  (i/ n)  (y3  y2 )  y2
(i  0,1, 2..., n  1, n)

(3)

zi  z1  z2  z3
(i  0,1, 2..., n  1, n)

(4)
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way, the number of rays can be controlled by adjusting
parameter n .

an input, used to control the value of disi and the point
cloud quantity is Max . Let
disi  x  Dis tan ce(Mid, pi ) 2 , (i  0,1, 2...Max) ,

(5)

where Dis tance(Mid, pi ) denotes the distance from
Mid to pi . The simplification degree can be controlled
by x .
3 Boundary retention
It is important to retain the boundary of the model during
the data simplification procedure in that the boundary
information is vital to keep the final reconstructed model
complete. Thus, keeping the boundary points is also
discussed in this paper.

FIGURE 2 Schematic diagram of x-y plane of cube Vm
The number of points generated on each plane is
(n  1) 2 , and (n  1) 2  4 rays can be formed. In this

FIGURE 3 Result without boundary retaining treatment

FIGURE 4 Result with boundary retaining treatment
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Figure 3 and Figure 4 illustrate the data simplification
results with and without applying the boundary retention
method. It can be seen that using the boundary retention
method, the boundary is complete, thereby improving the
effects of data simplification effectively. There are
proposed several methods for retaining the boundary
points of a model. For example, when determining
whether a point is a boundary point [12], several
neighbouring points must be searched firstly using the
topological relations among the point cloud, and then a
least squares plane is constructed in the space based on
the neighbouring points. Whether a point is a boundary
point is determined by the distribution uniformity of the
neighbouring point projection on the least squares plane.
Meanwhile, the boundary retention degree can be
controlled through a proportionality coefficient e . In this
method, when calculating the distribution uniformity of
the neighbouring point projection, either the standard
deviation of the included angle must be calculated or the
coordinate values must be compared. Besides, a boundary
point judgment must be made for each data point.
We proposed a method to improve the method for
determining boundary points by a way of comparing
point cloud coordinate values. In this method, boundary

point determination is not carried out for every data point,
if a certain point is a non-boundary point, then several
neighbouring points of this point are probably not
boundary points either. We define that Num denotes the
number of point clouds in which neighbouring points are
treated as non-boundary points without any judgment, if a
certain point is detected as a non-boundary point. This
value increases with an increase in the data size of the 3D
point cloud model. Through combined control of the
proportionality coefficient e and Num , this method
has little influence on the boundary retention effect.
Figure 5 and Figure 6 show the results of making a
boundary judgment, respectively, for each point or only
for certain points using the proposed method. The value
of the proportionality coefficient e in Figure 5 and
Figure 6 is 0.9 and 0.85, respectively, while the threshold
value Num is set to 1. It can be seen that there are no
obvious differences in the results. However, execution of
the former method takes 3.75 s, while the latter only
requires 2.70 s. Therefore, the proposed method effectively improves the performance.

FIGURE 5 Result of making a boundary judgment for each point

FIGURE 6 Result of making a boundary judgment for some points

4 Simplification results and analysis

simplification results, The proportionality coefficient e
is only used to control the boundary retention degree of
the point cloud model, and therefore its value remains
unchanged in general situations, e is set to be 0.85.

The experiments were conducted on Intel CORE i53210M, 2.50 Hz processor and 4.00 GB memory. Table 1
gives the test data for simplification under different
parameters, while Figure 7 shows the corresponding
TABLE 1 Test results under different parameters
Test number
test1
test2
test3
test4
test5

Model

Test model

Input points

d

x
0.11

4000

10
15
20
10

0.23
0.35

Output points
2592
2036
1514
1729
1125

Execution time (s)
0.96
1.72
2.25
1.19
1.21
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Original model

a

b

c

d
FIGURE 7 Simplification results

e

According to Table 1 and Figure 7(a, b and c), since
the simplification degree is controlled by the number of
generated rays, a more number of rays requires a longer
execution time. According to Table 1 and Figure 7(a, d
and e), the simplification degree is controlled by the
value of x , a larger x varies the simplification degree,
the execution time has not change much. However, a
larger x will lead to holes in the model. Therefore,
under the premise that the simplification effect is not

affected, threshold x can be increased as much as
possible to improve data simplification efficiency.
Table 2 presents the test results for a model using the
proposed algorithm and the traditional data simplification
algorithm, which involves curvature estimation and
recursion. By adjusting the relevant parameters, the
number of output points is approximately achieved.
Figure 8 shows the simplification effects of Model1 of
Table 2, respectively.

TABLE 2 Comparison of the proposed algorithm and traditional curvature estimation algorithm
Model

Model1

Input points

4102

a. Original model

Output points
The traditional
algorithm
1162

Execution time(s)

The proposed
algorithm
1196

The traditional
algorithm
2.02

The proposed algorithm
0.94

b. Effect of simplification involving curvature
c. Simplification effect using proposed
estimation and recursion
algorithm
FIGURE 8 Comparison of simplification effects for Model1

It can be seen from Table 2 and Figure 8 that the
proposed algorithm is more efficient than the traditional
curvature estimation algorithm, while good simplification
effects are guaranteed.
The proposed algorithm is based on the ray principle,
and thus is more suitable for simplification under a ball
model or point cloud model with symmetrical structure.
Figure 9 and Figure 10 depict a schematic diagram of the
simplification effects as well as some of the rays when

applying the proposed algorithm to a ball model and a
symmetrical model.
As shown in Figure 9 and Figure 10, according to the
definition of the central point in the ray generation
method used in this paper, all central points used to
generate rays are approximately located in the central
position of the entire model when data simplification is
carried out for Model 1 of Figure 9 or Model 2 of Figure
10. In this situation, results of data simplification are
more even. Regarding approximate ball models, the
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distance from the central point to each surface of the
model is almost the same, and thus every part of the
model can be reduced by a similar degree. Besides, the
central point will not be too close to a certain surface of
the model when simplification is completed for ball
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models. According to the ray principle, rays are dense at
places near the central point. If the central point is too
close to a certain surface of the model, this part can be
reduced more easily than other parts when the
simplification degree is increased.

a. Original model

b. Schematic diagram of simplification effects and some rays
FIGURE 9 Model 1(Ball model)

a. Original model

b. Schematic diagram of simplification effects and some rays
FIGURE 10 Model 2(Symmetrical model)

to solve the problem whereby an unreasonable central
point of the model negatively affects the simplification
effect, the central point of the model will be set as a
flexible point in the future research. In this way, the
position of the central point can be adjusted according to
the actual simplification model, thereby improving the
simplification results and the efficiency.

5 Conclusion
In this paper, we proposed a novel and efficient
simplification algorithm for 3D point cloud data, whose
shape is symmetrical. The experimental results have
shown that within a certain degree of simplification, this
algorithm achieves good simplification effects and high
efficiency. The proposed algorithm is especially suited to
ball and symmetrical models. To increase the adaptability
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