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Abstract: This paper presents a novel surface reconstruction algorithm based on 3D point cloud sliced by a 
series of planes vertical to Z-axis. First, the density and distribution of point cloud is analyzed in vertical 
direction Z-axis and a stratified point cloud model is put forward to present an object feature, in which point 
cloud is sliced with irregular intervals. An approach of stratified point cloud projected on plane is proposed. The 
algorithm based on Delaunay triangulation technique in two dimensions gain quickly the local topological 
connection relationships between points. Further, the planar triangular mesh is mapped into 3D-TIN. Finally, the 
object surface model is composed of the stratified 3D-TINs with consistent edges. Two tests are implemented to 
demonstrate that the algorithm is very simple, robust and suitable to reconstruct the object surface based on 
complex shaped and irregular 3D point cloud. Copyright © 2014 IFSA Publishing, S. L. 
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With the rapid development of digital technology, 
the demand for the original information of real-world 
is increasing, 3D laser scanning technology is one of 
the technologies，which can use laser pulses to scan 
object's surface features and to obtain information. 
With the emergence of high precision 3D laser 
scanner, it makes for a complex composed of point 
cloud surfaces model more easily. In recent years, the 
use of 3D point cloud to express the surface of the 
object has become a hot topic for many scholars  
[1-4], and developed many ways, such as the 
triangulation method, the level set method and the 
implicit function surface interpolation. 

Level set method was first proposed by Osher and 
Sethian [5] in 1988, Whitaker and Zhao [6-7], who 
applied this method to the surface reconstruction, the 

basic idea is to define a multi- speed function after 
time evolution of the zero level set close to the 
surface until a given point cloud model. The biggest 
advantage of the level set method is due to its 
representation is implicit, especially for complex 
topologies surface reconstruction, but its ability to 
represent the details of the limited efficiency of the 
algorithm is relatively low, requires a lot of 
computing time and enough memory space. Implicit 
surface interpolation function is a function of the 
surface equation set represents zero value measured 
surface, its main advantage is that only one equation 
to represent complex interpolated surface, but the 
drawback is difficult to find a suitable set of basis 
functions to represent implicit function. For this 
reason, many scholars have developed many ways. 
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More representative is based on radial basis function 
(RBF) implicit function method [8], cloud data 
model which use zero linear combination of radial 
basis function for interpolation or approximation to 
the input set point, but RBFs have global support set 
of equations is a linear system fused, so the technique 
can not contain tens of thousands of data from the 
implicit surface reconstruction [9]. Carr [10] and 
some one else tried to use a multi-stage approach 
RBF fast computing technology to improve the 
traditional RBF deficiencies, but this method requires 
complex mathematical algorithms and computational 
huge linear system matrix, thus implement is more 
complex. Kojekine [11] construct a smooth surface 
by using compactly supported radial basis functions 
based on point cloud data, then the matrix is sparse 
linear systems, computing is more efficient. But this 
time the radius of support set is global, so the method 
for highly non-uniform scattered data set is not 
robust. Delaunay triangulation -based 3D point cloud 
surface reconstruction method by establishing a 
triangular mesh interpolation all or most points. 
Although the Delaunay triangulation method has 
been applied in the two-dimensional plane area is 
very mature, but automatically generate three-
dimensional triangulated irregular network (3D-TIN) 
there are many difficulties can not be resolved, based 
on the maximum- minimum angle diagonal exchange 
rules is not established, based on circum circle judge 
rules Delaunay triangulation is difficult to obtain 
high quality meshes [12]. Therefore, many scholars 
have improved Delaunay triangulation algorithm so 
that it is applied to generate a three-dimensional 
surface model, Hoppe proposed algorithm to restore 
the surface and volume data from surface data [13], 
but the irregular three-dimensional discrete point set 
boundaries and sharp feature area can not be 
processed automatically. Edelsbrunner [14] proposed 
an algorithm for uniform data set, the algorithm is 
very effective, but for scattered data points, and 
sometimes difficult to select the appropriate value. 

In summary, the current three-dimensional 
surface reconstruction algorithm based on scattered 
points mainly two aspects: 1, algorithm complexity, 
massive point cloud data for surface models, time 
efficiency and space efficiency are relatively low. 2, 
universality poor, each algorithm is the most 
effective for specific types of point cloud data, best 
in the reconstruction, there is no point in a three-
dimensional scattered surface reconstruction 
algorithm based on good adaptability. To solve these 
problems, this paper presents a three-dimensional 
point cloud layered cut surface reconstruction 
algorithm is essentially a Delaunay triangulation 
method based on reconstruction. 

 
 

1. Principle of the Algorithm 
 
Assuming that a given scattered 3D data points on 

the surface is S={Vi|i=1,2,…,n}, where in Vi is (xi, 
yi, zi), ‘n’ is the number of points. Goal of this paper 

is to establish a triangular interpolation ‘S’ manifold 
meshes [15]. Due to the two-dimensional point set 
Delaunay triangulation has been very mature, 
triangulation points more than the three-dimensional 
data simple and convenient. Therefore, you can use 
the appropriate manner set S sub-blocks, each block 
and then were projected onto a suitable set of points 
of the plane, respectively, two-dimensional 
triangulation, get connected to the relationship 
between points, and then those connections relational 
mapping is returned to the three-dimensional space, 
thus forming a space for each local point clouds 
triangulation, two-dimensional plane triangulation 
mapped into a triangulated irregular network  
(3D-TIN), shown in Fig. 1. Finally, build a good 
adjustment of each local triangular mesh stitching got 
triangle interpolation ‘S’ manifold meshes. 

 
 

 
 

Fig. 1. 2D local triangulation and the mapping to 3D. 
 
 
Based on this idea, the proposed three-

dimensional point cloud surface reconstruction 
method for cutting layered as follows: (1) A 
hierarchical set of points: a series of plane 
perpendicular to the Z axis direction and the Z axis at 
a certain height, the data set S stratified, each layer 
does not necessarily require a high degree of 
consistency, this point set ‘S’ plane cutting into L1, 
L2, such as point clouds. (2) Point clouds projected 
onto the cylindrical surface: processing point clouds 
‘Li’, according to the coordinates of the point cloud 
layer range, to generate a completely parallel to the 
layer comprising the bus to the Z axis of the 
cylindrical surface, the center of the cylindrical 
surface of the layer located on the center, the radius 
of the point set should ensure that the entire layer is 
contained within the cylinder, the cylinder height and 
highly consistent layer. For the three-dimensional 
point ‘Vi’, according to its z value, determine which 
is located parallel to the bottom surface of the 
cylinder of circular cross section, connecting the 
center of the circular cross-section and ‘Vi’ and 
extend the connection to the cylindrical surface 
intersect at one point, assuming ‘vi’ point, the point 
‘vi’ is the point of the projection surface of ‘Vi’, as 
shown in Fig. 2, v1 ~ v3 point is the point in space  
V1 ~ V3 cylindrical projection. Likewise, the rest of 
the layer three points are projected onto the 
cylindrical surface. (3) Cylindrical surface of the 
point set is converted into planar point set: a bus 
along the cylindrical surface cut, spread on a flat 
surface, so 3D point set in the point clouds the ‘Li’ is 
converted into a two-dimensional planar point set. (4) 
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Two-dimensional to three-dimensional mapping of 
triangulation: the projection of the point set after the 
two-dimensional plane Delaunay triangulation, has 
been connecting the dots between relationship, the 
connection between these three-dimensional space is 
mapped to return to, thus generating a three-
dimensional point clouds Li triangulated irregular 
network (3D-TIN). (5) Similarly, the cloud point of 
the rest of the processing sequence, repeat steps  
(2)-(4), after splicing adjusted to obtain a triangular 
interpolation S manifold mesh. 

 
 

 
 

Fig. 2. The projection of point cloud onto cylinder face. 
 
 

The flowchart of the algorithm shown in Fig. 3. 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

According to the Z axis direction, S stratified 
into layer ‘L1’, ‘L2’... 

Deal with the first layer ‘L1’, through 
projection, complanation, generate planar 
triangulation, gets the connection between 

points 

Plane triangulation mesh in Layer ‘L1’ 
mapping into spatial triangle subdivision 
 

Any other point clouds 

Extraction current point clouds,  
generated the local space triangulation 

Stitching space triangulation in each layer,  
the end of the 3D surface model 

Obtain 3D data point set ‘S’ 

 
 

Fig. 3. The work flow of 3D-TIN reconstruction of surface. 
 
 

1) Point set layering principle: This article is 
based on Z axis direction and a certain height to 
layering, you can also press the X-axis or Y-axis 
direction tiered, depending on a given surface point 
cloud model shape. The overall principle is to avoid 

hierarchical set of points in different areas of the 
layer of surface area projected onto the same 
cylinder, local changes in the relative position of the 
dots between, to avoid or reduce overlapping or 
staggered triangulation. Secondly, the position of the 
cutting plane should be located in a three-
dimensional point cloud curvature is relatively small, 
relatively flat area of change, it's better with the other 
point clouds mosaic effect. Finally, the surface 
should be such that the density of the point cloud is 
relatively large, relatively large changes in the 
curvature of the region located in the same layer, this 
area should not be separated. For example, the head 
of the point cloud model used in our experiments 
behind the mouth parts of the point cloud density 
compared to other areas should be large, then the 
entire mouth area should be divided in the layer. 

2) The point cloud projected onto the cylindrical 
surface: assume its corresponding cylinder radius of 
cloud point ‘L’ is ‘r’, XY coordinate for alignment 
circle center ‘O’ is O(xc, yc). For any point, with 
Oz(xz, yz, z) as the pole, x-axis being the polar 
coordinates polar axle in its polar angle (in radians) is 
calculated as follows: First, order, dx=xz-xc, dy=yz-
yc and angle for ‘OZV’ and x-axis is 
angle=atan(|dy/dx|), which is not greater than the 
angle of 90°. Then calculate the polar angle 
polarangle, which have four cases:  
 

 anglepolaragledydx  ,0,0 , (1) 
 

 anglepolarangledydx  ,0,0 , (2) 
 

 anglepolarangledydx  ,0,0 , (3) 

 
 anglepolarangledydx  2,0,0 , (4) 

 
3) Expand the cylindrical surface into a flat, 

converted into a three-dimensional planar point set 
point set: Suppose ‘z’ coordinates of the point cloud 
‘L’ range is ‘z1 ~ z2’, polar angle of the bus along 
the cut cylinder 0, the plane into a rectangular tile , 
the rectangular lower perimeter lengths is z = z = z1 
and z2 of the two planes, respectively, after cutting 
the two cylindrical surfaces of circular cross section, 
respectively, the left and right sides and a polar angle 
of 0 bus length z2-z1. Then, the establishment of a 
plane coordinate system shown in Fig. 4, Y-axis 
coincident with the polar angle 0 of the bus. Cloud 
point has assumed as V (x, y, z), polar angle in the 
plane ‘Z = z’ is b, the plane passing through the 
coordinate transformation is x=rθ, y=z. In particular, 
all points which the polar angle is zero on the bus just 
falls on cutting bus, point ‘V1 ~ V3’ as shown by the 
angle of the pole at ‘v1 ~ v3’ corresponding point on 
the cylinder is the same on the three-point bus; At the 
point cloud ‘L’, also correspond to the same three-
dimensional point, projected onto the cylinder after 
the bus fell on the cutting. Thus the resulting triangle 
mesh is mapped to the space plane, the relative 
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position of the bus at the incision between points 
does not change, which is connected relationship will 
not change. 
 
 

 

 
Fig. 4. Transformation of cylinder face to flat surface. 

 
 

4) The triangle in two-dimensional mapping into 
three-dimensional space: first set of points within the 
rectangle planar Delauany triangulation, article-by-
point insertion method. Get the point set by the 
external boundary (four sides of the rectangle falls), 
according to the boundary and internal points, in 
accordance with the principle of generating the 
maximum angle of the triangular mesh, get 
connected to the relationship between points, and 
map it to a three-dimensional space to form a space 
triangulation. 

5) Stitching layered three-dimensional grid: 
Suppose triangle meshes ‘M1’ and ‘M2’ are adjacent 
upper and lower layers of local triangulation at  
‘Z = z’ cross-section of the phase, the goal is to 
integrate them into a triangle mesh. First, ‘M2’ 
triangle unconditionally added to the collection of 
‘M1’ , the merged into a grid, denoted by ‘M’, and 
then determine and adjust the ‘M1’, ‘M2’, triangle 
stitching at the edges and remove illegal triangle. 
Since the set of points for the upper and lower 
sections there were , therefore ‘M1’, ‘M2’, stitching 
the edge of the triangle , they have an edge is 
composed of two adjacent sections of dots. 
Specifically, the edge of the triangle can be adjusted 
with reference by Fig. 5. Assuming ‘P1’, ‘P2’ are two 
points on the adjacent section, triangular ‘AP1P2’ in 
‘M1’, triangular ‘BP1P2’ in ‘M2’, according to the 
characteristics of the empty circumcircle Delaunay 
triangulation to determine the need for exchange of 
diagonal. Be determined by the same method 
adjustment of the other edge triangle. Then, to further 
discrimination and remove illegal triangle triangle 
mesh. Let ‘P’ be the vertices of a triangle ‘M’, the 
triangle set denoted by ‘TP’ which vertex is ‘P’, aims 
to identify and delete ‘TP’ illegal triangle, making 
‘M’ still meet the definition of a two-dimensional 
manifold at ‘P’. Specifically refer to Fig. 6 the 
following ways: 

1) If one side of the triangle to a network as one 
of the vertices ‘P’, another vertex denoted ‘Q’, only 
up to the edge two triangles are common, if the edge 
is three or four common triangles, delete have one or 
two sides of the triangle ‘PQ’, ‘PQ’ such that the two 
triangles are common side, and the two triangles 

overlap or not interleaved with other triangles in ‘TP’ 
Fig. 6 (a) and (b). 

2) When ‘PQ’ common triangle edge is a case of 
three or more does not exist, if there is a ‘PQ’ in the 
‘TP’ to the other side of the triangle or triangles 
staggered overlap remove the triangle, so that no 
other triangle triangle while maintaining the 
interleaved or overlapping full network, as shown in 
Fig. 6 (c) and (d). 

 
 

 
 

Fig. 5. Exchange diagonal of the quadrangle. 
 
 

(a) 
 

(b) 
 

 
(c)  

(d) 
 

Fig. 6. Deleting abnormal triangle PQR. 
 
 

2. Experiment and Analysis 
 

Computing time for layered 3D point cloud 
surface reconstruction algorithm includes two parts 
of the point cloud Delaunay triangulation hierarchical 
and stratified local triangular mesh stitching. The 
time complexity of the hierarchical point cloud 
Delaunay triangulation is about O (nlgn), layered 
triangular mesh stitching local time complexity is 
linear, so the total time complexity of the algorithm 
is O (nlgn), where n midpoint indicates the number 
of cloud point. Typical Delaunay triangulation based 
surface reconstruction algorithms are generally 
required to calculate the point of focus for each point 
approximation vectors, required by the K-nearest 
neighbor rule on the point cloud block, as well as a 
complex mosaic of local triangular mesh process, so 
the algorithm has obvious speed advantage. 

In order to verify the effectiveness and time 
efficiency of the algorithm, this paper designed a 
number of experiments. Experiments using Visual 
Studio 2008 for C + + development environment, the 



Sensors & Transducers, Vol. 173, Issue 6, June 2014, pp. 197-203 

 201

CPU clocked at 2.0 GHz, 1 G memory of the PC up 
to achieve reconstruction algorithm, and compared 
with principal component analysis of the surface 
reconstruction algorithm [16], the calculation results 
shown in Fig. 7-9. 

 
 

 
 

(a) 

 
 

(b) 

 
 

(c) 
 

Fig. 7. 3D-TIN of head model surface. 
 
 

 
 

(a) 

 
 

(b) 

 
 

(c) 
 

Fig. 8. 3D-TIN of right ventricle model surface. 
 
 

 
 

(a) 

 
 

(b) 

 
 

(c) 
 

Fig. 9. 3D-TIN of skull model surface. 
 
 

2.1. Experiment 1 
 

This experiment adopts a head point cloud model, 
which has total 12,772 3D points. Coordinates 
(coordinates Instruments) range as follows: Xmin=-
78.85, Xmax=99.01, Ymin=-221.40, Ymax=27.39, 
Zmin=21.88, Zmax=305.35, as shown in Fig. 7(a). 
Analysis the point cloud picture in Fig. 7(a) can be 
found in the mouth of the head model, nose, eyes and 
ears point cloud density was significantly larger, so 
try not to make a layered across the two layers of the 
same organ. Taking into account the coordinates of 
the point cloud layering principle and scope of the 
model is divided into L1 ~ L6 layer according to the 
Z-axis direction, the Z coordinate of the layers 
corresponding to each range: 21.88~68, 68~74, 
74~135, 135~210, 210~270, 270~305.55, which is 
located on the L3 layer of the mouth, nose, eyes and 
ears located L4 layer. The layers were treated after 
the algorithm, after splicing adjusted removing illegal 
triangle whose calculation results are shown  
in Fig. 7 (b), (c). 

2.2. Experiment 2 
 
Right ventricle point cloud data was chosen in the 

experiment, a total number of 3D points is 13,845. 
Coordinates (coordinates Instruments) range as 
follows: Xmin=14.96, Xmax=106.65, Ymin=33.43, 
Ymax=125.11, Zmin=0, Zmax=44, as shown in Fig. 
8 (a). Analysis of the spatial distribution of point 
cloud can be found in the Z direction point cloud 
hierarchical display, each interval 0.5mm, the model 
Z direction divided by ‘L1 ~ L3’ layers, each layer 
corresponding Z coordinates are:0~15, 15~30, 
30~44. The layers were treated after the algorithm, 
after splicing adjusted removing illegal triangle 
whose calculation results are shown in  
Fig. 8 (b), 8 (c). 
 
 
2.3. Experiment 3 
 

This experiments using skull point cloud model, 
totaling 20,001 3D points. Coordinates (coordinates 
Instruments) range as follows: Xmin=-5.4, 
Xmax=9.5, Ymin=-11.2, Ymax=8.5, Zmin=-10.6, 
Zmax=7.5, as shown in Fig. 9(a). Considering the 
eyes, ears, cheekbones point cloud density is 
relatively large, they are classified in the same layer, 
the hierarchical principle considered cloud point, the 
model is divided into L1-L4 layer in the Z direction, 
the Z coordinate range corresponding to each layer 
are: -10.6~-3, -3~1, 1~4, 4~7.5. The layers were 
treated after the algorithm, after splicing adjusted 
removing illegal triangle whose calculation results 
are shown in Fig. 9 (b), (c). 

 
 

2.4. Result Analysis 
 

As shown in Fig. 7, 8, 9, in the absence of 
additional information of the normal vector of point 
cloud, point clouds were stratified according to 
certain way, and projected onto a cylinder, can 
effectively construct a triangular surface mesh. 
Compared to surface reconstruction algorithm of 
principal component analysis, the paper less 
hierarchical algorithm number, the number of illegal 
triangles generated little stitching simple, with 
obvious speed advantage, running time comparing 
the results of two algorithms shown in Table 1. 

It can be seen from Table 1, as more illegal and 
new triangular is generated by principal component 
analysis of the surface reconstruction algorithm than 
cutting surface reconstruction algorithm, the splicing 
is more complex, and more time-consuming 
operation. As the principal component analysis 
algorithm requires a method known data points 
vector information. Principal component analysis 
algorithm total time statistics do not include the 
normal vector computation time in Table 1, so the 
algorithm is much higher efficiency than the 
algorithm time principal component analysis. 
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Table 1. Comparison result of two algorithms. 
 

(“SCSRA” is short for stratified cutting surface reconstruction algorithm, “PCASRA” is short for principal component 
analysis surface reconstruction algorithm, “RV” is short for right ventricle) 

 
 

3. Conclusions 
 

This paper presents a surface reconstruction 
algorithm based on 3D scattered data set, along the 
Z-axis direction and a certain height to hierarchical 
data set. After projection, plane triangle map to the 
triangular space, finally joining together constitute 
the whole surface of the 3D triangular mesh. 
Through experimental comparison and illustration, 
this paper found that the proposed algorithm 
compared to other triangulation-based reconstruction 
algorithm has the following advantages: 1) Minority 
block (layer), does not require a lot of experiments to 
determine the appropriate block parameter or 
threshold 2) Stitching simple, the number of illegal 
triangles is small, and run faster. 

It should be noted that algorithms of point cloud 
surface shape model has certain requirements, 
suitable for processing the overall shape is close to 
columnar point cloud model, so when point cloud 
projection onto the corresponding cylinder, the local 
topological position will not change. For other shapes 
of the point cloud, the algorithm can be used in 
combination with other surface reconstruction 
methods. Therefore, in practice, adapt to the 
conditions of the proposed algorithm in this paper 
need to be further in-depth research. 
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