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1. Introduction
In recent years,the application of 3D laser tech-

nology has been become more and more widely in 
the field of Surveying and Mapping.However,with 
the characteristics of large redundancy,existence of 
errors and weak rules,if point cloud data acquired by 
scanning are disposed directly,it will be a major ex-
penditure of time and resources.So some preprocess-
ing works should be underway before the subsequent 

processing of point cloud data,includes point cloud 
denoising,point cloud simplification and segmenta-
tion of point clouds, etc. Point cloud simplification is 
not only the most basic and important step, but also a 
hotspot in the field of Reverse Engineering.

The current methods are mainly concentrated in 
the typical methods as follows: bounding box meth-
od, the simplification method based on geometric im-
age, the simplification method based on curvature and 
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the simplification method based on normal precision, 
there are many literatures in which some researchers 
proposed their own methods, such as: LI Feng-xia.
et al, 2012; SHI Baoquan.et al, 2010; Zhou Bo.et al, 
2008; Chen Zhangwen.et al, 2013; Alboul, L. et al, 
2010. To solve this problem, point cloud simplifica-
tion methods are currently being proposed by many 
foreign researchers. Filip et al. suggested a method 
to reduce the point cloud data by using bounding 
box in 1986. It’s very fast but can only be used for 
processing the point cloud with uniform distribution. 
Alexa et al. proposed a weight method based on the 
influence of point cloud to the least square moving 
surface in 2001,the point cloud density is maintain 
by resampling, but the algorithm process is very 
complex. Chen. Y.H et al. presented a method to re-
duce the point cloud data by reducing the number 
of triangles in 1999, but the process of triangulation 
construction is often very complicated. However, 
there are also a lot of solutions explored by domes-
tic researchers. In 2001 Zhang Liyan introduced 
three kinds of point cloud simplification criteria 
based on the establishment of K-neighbourhood of 
the scattered point cloud using Riemann diagram as 
follows: the number of points of the simplified data 
set, the density threshold of point cloud data and the 
normal error threshold caused by deleting one point. 
The three algorithm all have higher efficiency and 
well reduction effect, but the appropriate value of K 
is very difficult to determine. Xiao proposed a pro-
cedure for handling non-uniform point cloud data in 
2009, this method is mainly based on the threshold 
of the inner product between each point and KD-tree 
bounding sphere centre normal, the reduction effect 
is also very great, but the radius of KD-tree bound-
ing sphere is hard to calculate, and the computation 
of the inner product is very large. Wang Renfang et 
al. presented a solution to simplify point cloud data 
and a method to sample randomly in 2007,which 
are all based on geometry image, the reduction ef-
ficiency is very high but the feature of point cloud 
is easy to loosen Xiaojun suggested an adaptive al-
gorithm with preserving the feature of point cloud 
data in 2010,which divide point cloud data into fea-
ture points and non-feature points, then preserve all 
feature points and reduce non-feature points by cal-
culating the adaptive distance threshold for simpli-
fication. This algorithm not only has a faster speed, 
but also can better preserve the geometric features 
of point cloud data. The disadvantage of the algo-
rithm is that it’s hugely dependent on the weight co-
efficient of point set and the distance threshold set 
initially.

Based on the analysis and summary of above 
methods, a simple and practical method for point 
cloud data simplification using movable mesh gen-
eration was presented on this paper, the advantage of 
its speed is very obvious and it can reach the expected 
effects, a major advantage of this method is that the 
simplified criterion of above method can be brought 
into the criterion of this method very well.

2. The Performance Bottleneck of Massive 
Point Cloud Data Simplification

In view of massive point cloud data simplification, 
if the point cloud model is divided into a plurality of 
space grids directly, it means that the whole bounding 
box of point cloud model is divided into numerous 
small grids along the three directions of the space. In 
general, those small grids should be stored in ascend-
ing or descending order in accordance with its cor-
responding code values while they are being stored, 
so the specific grid can be handily found out. Because 
of this, when undertaking a binary insert every time, 
after the corresponding position of the specific grid 
has been found out by using binary chop, all the small 
grids after the position should be pushed back. There-
fore, on account of this, the performance bottleneck 
appeared because that a large amount of data need to 
be copied.Fig.1 shows that more and more time con-
suming with the gradual increase in the number of the 
original point cloud data, so the simplify efficiency 
is greatly reduced. In order to solve the performance 
bottleneck, this paper adopts a method to conduct 
a first grid division before the above grid division, 
so the point cloud model is divided into a plurality 
of blocks, and the above small grid are put to these 
blocks, thus the time consumption of the binary insert 
for small grids is greatly reduced.

3. The Algorithm of Movable Mesh Generation
3.1 The Procedures of the Algorithm
Based on the existing research results, a method 

to reduce the point cloud data using movable mesh 

Figure 1. The time consumption of point cloud data 
reduction
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generation is presented in this paper. Firstly, the 
point cloud model is divided into a lot of spatial 
grids, and then doing the secondary mesh generation 
based on the existing distance threshold. Secondly, 
traverse the point cloud data of all the secondary 
grids in order; filter the point of each secondary grid 
which should be reserved according to the relation-

ship between the weights of the point cloud data. 
At last, move the position of the minimum point of 
the whole bounding box of point cloud, conduct the 
movable mesh generation, so the target point cloud 
data whose weight values are higher is filtered out 
eventually. The overall flowchart of this method is 
shown in the Figure 2.

Figure 2. Flowchart of the movable mesh generation algorithm

3.2 The Implementation of the Algorithm
The implementation process of the movable mesh 

generation algorithm could be divided into the fol-
lowing three modules: the first mesh generation, the 
second mesh generation and the moved mesh genera-
tion. And the schematic diagram of the implementa-
tion process is shown in Fig.3.

(1) The first mesh generation
There are two main purposes of the first mesh gen-

eration of the point cloud model, the first is that it’s 
easy to quickly find out the specific secondary grid, 

and the second is filtering out the first grids whose 
number of points is greater than the given threshold 
value.

The grid intervals of the three directions of the 
space should be calculated before the first mesh gen-
eration. If the intervals are not suitable, the secondary 
grids would stride over the boundary of the first grids. 
In order to prevent this from happening, it’s neces-
sary to make the intervals are integer times as large 
as the secondary grids’. Here an interval estimation 
algorithm is adopted. Firstly, the sampling resolution 
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should be determined based on the specific 3D laser 
scanner for collecting point cloud data, thus the inter-
vals of the secondary grids can be determined com-
bined with practical engineering requirements, called 
Interval. Secondly, the first grids’ length of the three 
directions of the space will be calculated according to 
the above Interval and the given estimated numbers of 
the first grids along each directions (called GridXYZ), 
and the values of the above lengths are stored in the 
array: BoxSide [3].At last, the integer multiples Ni of 
the intervals of the first grids along the three direc-
tions equivalent to the secondary grids’ are:

*
i

i
Boxside

N
GridXYZ Interval

=    (1)

Where i=0,1,2.so the intervals of the first 
grids are the results of the expression of 
N[i]*Interval(i=0,1,2),then the numbers Ci of the first 
grids along each directions are :

1
*

i
i

i

Boxside
C

N Interval
= +  (2)

Where i=0, 1, 2. Because of the rounding result, 
the end of the above equation is plus one, so the 
points will not exceed the first grids.

After the calculation of the above intervals, begin 
to conduct the first mesh generation.

According to the minimum point’s position of the 
whole bounding box of the point cloud, the three di-
mensional codes of each point can be calculated from 
Equation (3).

( 0) /II X X dy= − ∆    

( 0) /JJ Y Y dy= − ∆    

( 0) /KK Z Z dz= − ∆     (3)

Figure 3. The implementation process of the movable mesh generation algorithm

Where, II, JJ, KK are the three dimensional codes 
of each point in its own first grid, X, Y, Z are the co-
ordinates of this point, X0, Y0, Z0 are the coordinates 
of the minimum point of the whole bounding box of 
the point cloud, Δdx, Δdy, Δdz are the intervals of the 
first grids along three directions,     is the rounding 
symbol.

A linear coding method is adopted here in order 
to find out the specific first grid later easily. For ex-
ample, if the numbers of the first grids along the three 
directions are Count1, Count2 and Count3, then the 
code value Code corresponding to the three dimen-
sional codes (II, JJ, KK) is:

* 2* 3 * 3Code II Count Count JJ Count KK= + +   (4)

As shown in Fig.4, the first gird is essentially 
turned into a linear arrangement from the three-di-
mensional arrangement of the space. Traversing all 
points to do the above calculation, points are stored in 
the same first grid if their code values are equal. The 
linear code and all points with this code are stored 
in the corresponding first grids. So far, a preliminary 
first mesh generation is completed.

Figure 4. Turn the girds into a linear arrangement from the 
three-dimensional arrangement

After the above operation, find out if there are any 
grids whose number of points is more than the given 
threshold or not. If so, mesh them again. The given 
estimated numbers of the grids along each direction 
could be changed to GridXYZ/2.And the bounding 
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box is necessary to recalculated because that it’s not 
the whole bounding box of the original point cloud 
model this time. The three- dimensional code II, JJ, 
KK can be calculated according to its linear code, so 
the minimum point’s position of this grid’s bounding 
box can be worked out, then the whole bounding box 
can be replaced by this bounding box now. Repeat all 
these operation, the whole first mesh generation is not 
over until there are not any girds whose number of 
points is more than the given threshold.

(2) The second mesh generation
The main purpose of the second mesh generation 

is filtering out all points whose weight values are 
higher, making every gird stores only one point. After 
the first mesh generation, traversing all first grids in 
order, and then traversing all the points of each grids. 
Select out single point one by one, the three-dimen-
sional code of each point can be calculated accord-
ing to Equation (3), then calculate the corresponding 
linear codes of the second grids. At this time, the 
above linear coding method is no longer appropriate, 
because that the numbers of the second grids of the 
whole bounding box along the three directions are 
too large. The linear codes of the second grids would 
be very large if adopting the above method, and a 
large number of empty grids would appear, thereby 
it would cause the storage problems of the codes. So 
the random linear coding method should take place of 
the above method. The above Count2 and Count3 just 
need to be replaced by two given fixed values, and the 
former one is the square of the latter.

The work of filtering should be conducted before 
points are stored to the second girds every time, as de-
scribed in the following procedure. Firstly, calculate 
the corresponding code of each point using the above 
method. Secondly, find there is second grids with the 
same codes already or not from the current first grid. 
A binary search method is adopted here in order to 
instantly and accurately find there is existing code or 
not. If the code has been found, then it returns the cor-
responding position, otherwise it returns other nega-
tive. At last, after the search, if not to find the one, it’s 
necessary to create one second girds with the code, 
which stores its code, the coordinate of the point and 
the weight value of the point (the weight value can be 
the distance between the point and the centre of the 
current second grid, the distance between the point 
and the origin of the scanner, the curvature value of 
the point and the normal value of the point, etc.).Then 
put the second gird into the current first gird using 
binary insert method, so the second grids are arranged 
in the first grid in ascending order. If the code does 
exist, and the corresponding position has been return, 

then compare the current point’s weight value P1 and 
the existing point’s weight value P0 in the current 
second grid, if P1 is power than P0, then the exist-
ing point’s coordinate and the weight value P0 should 
be replaced by the current point’s coordinate and the 
weight value P1.

After completing the work of traversing all the 
first grids, all the qualified points are stored in their 
second grids, and all point cloud date stored in the 
first grids are deleted immediately. The whole second 
mesh generation is finished while all the traversal is 
over.

(3) The moved mesh generation
The moved mesh generation plays an important 

role in this algorithm, whose main purpose is filter-
ing the appropriate points again. Although there is 
only one point stored in one second grid, there are 
two points whose weight values are very close but 
stored in different grids, so the phenomenon that a lot 
of dense points cannot be eliminated would occur (As 
shown in Fig.5,the red strip region is the dense region 
in figure (a)).

Figure 5. Comparison of different effects of the point cloud: 
(a)The point cloud before the moved mesh generation,(b)
The point cloud after the moved mesh generation

In general, the method to solve this problem is 
putting all the points which are located near the edge 
of the second grids into one container. Before the 
point P which is located near the edge of the second 
grids is put into the container, execute all existing 
points in the container, find there are points where 
the distances between the points and the above point 
P are lower than the interval of the second grid or not. 
If there are not any points which are qualified, put 
the current point into the container, otherwise com-
pare the weight value of the current point P and the 
weight values of them, if the difference between the 
weight value of the current point P and the weight 
values of any point of the them is lower than the given 
threshold, the current point P should not be stored in 
the container, otherwise it’s necessary to be stored. 
Although the above problem has been solved by this 
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method, it takes far too much time to traverse the 
point cloud data in the container every time.

In addition, another method can be adopted. Tra-
verse every second grids, find there are any points in 
the current second grid’s neighborhood second grids 
if the distances between the current second grid’s 
point and the neighborhood second grids’ are lower 
than the interval of the second gird or not, if there 
are many points which are qualified, then doing the 
comparison of the weight values to finish the second 
simplification. But in this method, the numbers of the 
neighborhood second grids of the current second gird 
are 4 at least and 26 at most (as shown in Fig.6), it is 
very complicated.

Figure 6. Distribution of the dense point cloud

Therefore, to avoid traversing the massive point 
cloud data and conducting the complex neighbor-
hood search, a method using moved mesh generation 
is presented in this paper, which can solve the above 
problem quickly.

In this method, the minimum point of the bound-
ing box of the whole point cloud data is translated a 
certain distance, but all the coordinate values of the 
point cloud data are still unchanged, then the proce-
dure of the second mesh generation should be execut-
ed again according the new bounding box. The trans-
lation distances of the three directions of the space 
can be K times as large as the interval of the second 
grids (the value of K is a value from 0 to 1).After the 
translation, the points whose weight values are closed 
but they are in the different girds can be put into the 
same grid (as shown in Fig.7 ),then compare their 
weight values and preserve the point whose weight 
value is power than others’, so the second simplifi-
cation is finished. Since the value of the above K is 
variable, the method of this paper is called movable 
mesh generation.

4. Experimental Results
In order to analyze and verify the performance of 

the proposed point cloud data reduction method, the 
different point cloud data are used for these experi-
ments, and the data reduction results of this proposed 
method and the software Geomagic Studio are dis-

Figure 7. The translation of the second girds: (a)The trans-
lation of the second girds in three-dimensional space, (b)
The translation of the second girds in two-dimensional 
plane

cussed. The parameters of the equipment in the ex-
periments are as follows: CPU: i5, memory: 3.0G, 
GPU: Geo Force GTX 650, the operating system: 
Windows 7 SP1.

According to the tests of the point cloud data of 
different sizes, the numbers of the points after reduc-
tion and the total time spent of each test by using the 
reduction method of the software of Geomagic Studio 
and the proposed method are added up to the follow 
Table 1.

Table 1. Comparison of reduction performance using the 
different method

The reduction 
method

Number of the 
original points

Number of the 
points after 
reduction

Time 
consuming 

(s)

Geomagic
427,917 133,735 2.500

5,479,491 1,103,803 27.100
11,189,083 5,117,841 77.000

The proposed 
method

427,917 102,969 0.156
5,479,491 775,375 1.435
11,189,083 3,832,227 32.386

To evaluate the accuracy of this method, the error 
metric for it is as follow: Firstly, the final point cloud 
dataset P’ should be built to a triangulation model. 
Secondly, calculate the distances from all the original 
points to the surface of the triangulation model. The 
results data are evaluated using three indicators as 
follows: Dmax, Davg and Ratio, the Dmax refers to 
the maximum value of the above distances, the Davg 
refers to the average value of the above distances, and 
the Ratio refers to the proportion of the error region in 
the overall area. The error statistics are shown in Ta-
ble 2, the specific error distribution chromatograms 
are shown in Fig.8.

Table 2. The reliability assessment of the result
The reduction 

method
Number of 

points The error value

Dmax
(mm)

Davg
(mm) Ratio

The proposed 
method

427,917 0.065 0.00 0.005%
5,479,491 0.054 0.00 0.01%



Metallurgical and Mining Industry236 No. 9 — 2015

Automatization

The conclusions which are summarized from the 
above experimental results are as follow: As can be 
seen from the comparison of the reduction effects and 
the efficiency, the reduction degree (the reduction 
degree refers to the proportion of the number of the 
point cloud data after reduction in the number of the 
original point cloud data) of the proposed in this pa-
per is decreased obviously ; the feature points are well 
retained in accuracy; the occurrence of the phenom-
enon that there are any point cloud “hole” is avoided; 
the efficiency has been also improved significantly.

Conclusions
In this paper, the think of movable mesh genera-

tion is adopted based on the ordinary mesh generation 
of the point cloud data, which can quickly completed 
the reduction of point cloud data.

(1) In this algorithm, the first mesh generation is 
conducted before the second mesh generation, so the 
point cloud data is divided into several blocks, then 

put the second girds into the corresponding first girds, 
thus the time spent on the binary insert of the second 
grids is reduced obviously, and the speed of the over-
all algorithm is improved finally.

(2) After the process of the first reduction of point 
cloud data in the second mesh generation, a moved 
mesh generation is adopted, the point cloud data is 
reduced again in the moved mesh generation, so the 
problem that the dense point cloud cannot be exclud-
ed is solved satisfactorily.

(3) While the points are filtered, the criteria of fil-
tering in this algorithm can be well compatible with 
other algorithm’s criteria, it means that the types of 
the weight value can be any types used in other algo-
rithms, such as curvature values and normal values.

The speed of the overall algorithm is reduced obvi-
ously because that the binary insert of the point cloud 
data in this algorithm is still time-consuming, so how 
to solve this problem is worth further studying.

Figure 8. a)The overall error distribution of the dragon’s head, b) The part error distribution of the dragon’s head data, 
c) The overall error distribution of the whole dragon data, d) The part error distribution of the whole dragon data
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Abstract
The positioning is to estimate the position and posture of the robot and accurate position estimation is necessary to 
achieve autonomous navigation. So, the study of the positioning method of the mobile robot has a very important 
significance. Now there are three mainly approximate techniques types: the first is the probability density function 


