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Abstract. In the paper, a slicing-guided method is introduced to extract the curve skeleton from the point
cloud body model. Firstly, the dominant eigenvector of body model as slicing direction is chosen adaptively,
and the input body model is sliced accordingly. each slice is projected and classified into different regions,
and the centroid of each region can be considered as initial skeleton point. Then, those skeleton points are
removed outside models, and initial skeleton lines are generated by connecting points based on different re-
gion of body model. Finally, the two-step post-processing approach is proposed to improve the initial skeleton
results for accurate topological analysis. With the branch point merging strategy, the initial skeleton of the
model is optimized. Furthermore, the skeleton lines by interpolation optimization are refined and smoothed.
Compared with similar skeleton extraction algorithms, the method proposed in the paper has relatively strong
robustness and effectiveness, and can be applied to human body model in point cloud data.
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1 Introduction

Skeleton is a compact mono-dimensional representation able to provide essential topology for both shape rec-
ognition and shape manipulation. Skeleton extraction has been widely used in various applications, such as
model segmentation [1-3], animation [4-8], shape retrieval [9-11] and shape modeling [12-13]. Many skeleton
extraction methods have been proposed, including high dimensional medial representation [14] and 1D curve
representation [15]. To extract satisfactory skeletons from point clouds, however, those methods have been left to
be improved, among which robustness and accuracy are two key issues need to be addressed.

A good curve skeleton should possess certain properties, including that homotopic to the input shape,
well-centered and reliable in that every boundary point is visible from at least one curve-skeleton location [16].
Most existing skeleton extraction methods require a discrete representation of volume or the surface of the input
model. However, many scanning models in computer graphic applications can be used as point clouds, it may
cause errors in both geometry and connectivity when converting them to surface representations or discrete rep-
resentations. In this paper, we focus on 1D skeleton extraction from 3D human body in point clouds.

In the paper, a slicing guided skeleton extracting method is introduced which integrates the advantages of
horizontal slicing and region decomposition. The algorithm in the paper can be applied to raw scanned data, and
only requires minimal user interaction to extract topologically clean and accurate curve skeletons, that is to say,
only the appropriate parameters are set, the satisfactory skeletons can be obtained. The main contributions and
advantages of our method include:

1) Curve skeleton extraction from 3D body model represented by point sets without converting into polygonal
mesh.

2) A horizontal slicing method is proposed to accurately represent the skeletal candidates.

3) A two-step skeleton process yields an optimized skeleton, which is robust and is not sensitive to noise.

The remainder of this paper is organized as follows: Section II analyzes the representative work for skeleton
extraction. Section III and Section IV explain the proposed method and the optimization framework in detail.
Section V describes the experimental setup, shows some results, and compares the proposed method with the
state of art techniques proposed in the literature. Finally, the last section concludes the paper.
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2 Related Work

Many algorithms have been proposed for skeleton extraction. Let’s review some representative methods in the
following, and refer the reader to the comprehensive survey by Cornea, Min and Jalba’s works [14-15]. There
have been various approaches to extract the one-dimensional skeleton of a given model. Skeleton extraction
based on curvature and geodesic distances [17-19], dihedral angles [20], slippage [21], convex decomposition
[22], and shape diameter function [23].

The approaches can be classified into Thinning-based method, Contraction-based method, L.1-medial method,
ROSA-based method, Distance Transform-based method.

Thinning-based method. Thinning-based method constructs the 1D skeleton by repeatedly removing the
boundary of the model. Based on topological refinement, a simple and meaningful skeleton set is generated by
alternately executing two morphological operations: iterative refinement and skeleton pruning. The thinning pro-
cess is the iterative deletion of point until a certain condition is satisfied; the pruning process includes morpho-
logical corrosion and expansion operation [14].

Ma and Wan [24] proposed a new thinning algorithm for extracting medial surface on 3d binary images. Ma
[25] presented a connectivity preserving fully parallel 3D thinning algorithm. Che [26] introduced a dynamic
skeleton algorithm for binary image by combining with thinning method and Snake model technique. Lohou [27]
put forward two 3D symmetrical thinning algorithms based on the parallel deletion of P-simple points. Wang
[28] presented a Valence Driven Spatial Median (VDSM) algorithm to generate unit-width curve skeleton from
non-unit-width skeleton. The thinning-based skeleton extraction method can simplify the original model well,
and obtain a good skeleton structure with smooth edge and consistent topology of the original model. However,
it requires manual input and constant adjustment of pruning parameters in order to calculate ideal skeleton.

Contraction-based method. Each step of the iterative contraction process is a Laplacian smoothing opera-
tion, which is constrained by all the vertices with different weights. Previous methods modify or approximate the
mesh geometry by solving the Laplacian system, in which all or one subset of vertices are used as boundary con-
straint.

In reference [29], the original input mesh which approximated as a least squares mesh is the solution of the
uniformly weighted discrete Laplace equation, and this equation used carefully selected subsets of vertices as
boundary constraints (called anchors). Recently, Au [30] presented a simple and robust skeleton extraction meth-
od based on mesh contraction. Nealen [31] proposed a mesh optimization technique, which spreads the concept
of geometric smoothing and parameterized smoothing for constrained Laplacian system. Cao [32] developed a
contraction operation that is designed to work on generalized discrete geometry data, particularly point clouds,
through local Delaunay triangulation and topological thinning. Tagliasacchi [33] proposed a Mean Curvature
Flow based method to extract skeleton shrink. Contraction-based method is based on iterative implicit smoothing
operation, able to handle noise, so that it is not sensitive to noise; however, the curve skeleton extraction frame-
work is only applicable to closed model with connectivity, which is due to the geometric contraction that need to
define a good Laplacian operator for each vertex.

L1-medial method. L1-medial is a simple and powerful statistical tool that extends variable from univariate
to multivariate. It represents a unique global center of a given set of points, with the prominent property that it is
robust to outliers and noise.

Tagliasacchi [34] relied on a cylindrical shape prior and sufficiently accurate point normal to compensate for
missing data. For raw inputs, noise and outliers need to be pre-filtered by using a scheme such as locally optimal
projection (LOP) [35]. In contrast, Huang [36] computed a medial curve skeleton by directly working on a noisy,
outlier-ridden, and possibly incomplete raw scan without requiring reliable normal estimation or an assumption
of cylindrical shape parts. Without building any point connectivity or estimating point normal, the point sam-
ples are directly projected onto their local centers as L1-medians with growing neighborhood, and pushed the
projected samples through conditional regularization to obtain a uniform distribution of samples along skeleton
branches. Livesu [37] proposed a novel approach to skeleton extraction that takes advantage of the principles of
human perception and stereoscopic vision to reconstruct a 3D curve- skeleton of the visual hull of the shape start-
ing from the 2D medial axes of the projections of the object into the image plane. Zimovnov [38] presented an
efficient algorithm for 3D distance transform computation for the inner voxels of visual hull. Using 3D distance
transform, continuous medial axes of visual hull silhouettes are projected backward form a first approximation
for a curve-skeleton. L1-medial based method may miss certain fine-scale structure, and produce erroneous out-
put if the amount of noise or missing data is too large.
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Distance Transform-based method. The method defines distance transformation for each interior point of
3D object and detects field ridges in order to obtain a group of candidate voxels [39-40], an approximate medial
surface produced when connecting these candidate voxels, however, this process is as unstable as other medi-
al-axis-based methods [41-42].

Other field methods use repulsive forces [43] or radial basis functions [44] to replace distance transform.
These methods determine the potential of the interior point by considering a larger set of boundary samples, so
they are less sensitive to noise. Then, connecting local extremes form a curve-skeleton by the force following al-
gorithm. These methods are computationally intensive because of using larger boundary regions, and also cause
numerical instability due to the calculation of the first or second-order derivatives.

Table 1. The advantages and disadvantages in skeleton extraction algorithms

Method Advantages Disadvantages

Thinning-based method Simplify the original model, obtain a skele- Artificial input trimming parameters and
ton with good topology constantly adjust them.

Contraction-based method Make sure the final curve skeleton and the  Request more model points

original object are harmonious, and also
deal with noise very well

L1-medial method Operation directly on raw scan data Incorrect results when models with noise or
missing data.

ROSA-based method Suitable for missing models Complexity algorithm

Distance Transform-based Low complexity and high efficiency and High complexity and low efficiency

method calculation results are accurate

Our method Extract the skeleton directly without con-  The adaptability of the multi-human stag-

verting the mesh model, high computation- gered model needs further studying
al efficiency and better effect

The advantages and disadvantages of skeleton extraction algorithms is illustrated in Table 1. Based on the pre-
vious research, inspired by the centralization of skeleton and considering the characteristics of body model, an
efficient slicing-guided method is proposed with weaker human interaction constrains.

3 System Overview

The paper attempt to approximate skeleton points from their corresponding centers called skeletal candidates for
a curve skeleton. The input of our method is unorganized set of human body points . The output is a 1D curve
skeleton X'= {x;} P=p, R’, it represents a one-dimensional local center of the shape underlying by input value
P . The system overview of the proposed method is shown in Fig. 1. The main steps of the algorithm are as fol-
lows.

1) Horizontal slicing: The input human body model is firstly analyzed in order to separate the points into hori-
zontal slices.

2) Initial skeleton extraction: With the horizontal slices, a skeleton is produced for the input model using slice
projecting and classification.

Then those skeleton points outside model are removed, and initial skeleton lines are generated by connecting
points based on different region of body model, which provides an initial skeleton used in the following skeleton
optimization.

3) Skeleton refinement: By incorporating the initial skeleton into interpolation method, an interpolation guided
method is developed to extract the complete and optimized curve skeleton from the point cloud.

The method proposed in the paper exhibits the advantages of the slicing guided skeleton extraction method.
The skeleton extraction system in the paper is robust and effective, and can be applied to human body model in
point cloud data.
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Fig. 1. Overview of our method

4 Technical Details

4.1 Initial Model Normalization

The 3D model should be normalized in older to obtain accurate skeleton. The classical PCA is adopted to deter-
mine the main trend of model. The local covariance matrix of 3D point set P = {p,, p,, ..., p,} 1s formatted as

M:%Z(P,-—pm)(p,-—pm)r. 0

k
where p,, = Zp,-. The local covariance matrix M is always symmetric positive semi-definite, which has three
i=1
non-negative and ordered eigenvalues, i.e., 4, > 1, > ;. The main trend could be considered as the eigenvector v,
corresponding to /, . Fig. 2 displays the main trend (line in green color) of three different body models.

Fig. 2. Main trend of 3D point cloud models

Generally, the human body model is located at any position in the 3D coordinate system. In order to obtain
more robust skeleton, The model needs to be rotated according to the Oriented Bounding Box (OBB) of the
model. The angle a between OBB and YOZ is calculated, and the angle f between OBB and XOY is also
calculated. Taking o and S as the rotation angle, the model is rotated around Z axis and X axis, and finally
the model is perpendicular to XOZ plane. For point p(x, y, z) , it is rotated around X ,Y and Z axis. The model
after rotation is shown in Fig. 3.
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Fig. 3. Rotation of three-dimensional model

4.2 Horizontal Slicing

After normalization, it is assumed that the 3D point model is vertical and perpendicular to XOZ plane. In this

step, the 3D model in point cloud is partitioned into /% number of horizontal slices along the vertical direction
such as the slices shown in Fig. 4.

Fig. 4. Horizontal slicing of point cloud model

Horizontal Slicing. All the points in each slice are perpendicularly projected across the middle plane, multiple
areas are generated in Fig. 5(a). Each slice of the projection is divided into multiple regions to obtain the central
point of each region. The projection regions are decomposed into independent regions (“1” area (red), “2” area

(black) and “3” area (blue)) by grid growth algorithm. Then the center point set O = {o,, 0,, ..., 0;} for those
slices is generated by L, median method.

PR wnn o PR
veses o “17 region o “27 region o “3” region
o .o, z PR TN
. . o ‘e,

0 > YT

e 4

(a) Projection region (b) Region decomposition

Fig. 5. The multiple regions division of slicing projection
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Definition 1. Reference layer. Bottom-up horizontal slices that have the largest number of regions are consid-
ered as a reference layer L.

The center point O = {0, 0,, ..., 0;} located on different part of human body model should be distinguished.
Given point p(x,, v, z;) in reference layer L and point q(x,, y,, z,) , of which the distance is within the slice
thickness # , then p and ¢ belong to one part.

"= Vmax — Vi) / m_layerTotal. Q)

where y,... and y,,, are respectively the maximum and minimum of y coordinate, m layerTotal is the total slic-
es of 3D model. After this iteration, the region centers that are labeled in different colors shown in Fig. 6.

Fig. 6. Center points labeling

Skeleton Candidate Points. Due to the special structure of the human body, the area of the body part is always
larger than that of limb. Based on this, we can distinguish the body part in order to achieve the topology struc-
ture.

Area of projection region. A strip with width pand perpendicular to X axis, is used to divide the en-
tire projection area, as shown in Fig. 7. The area S of the projection region can be calculated by

n

K K 1 1 3 —
S = ZS,- = Z{u x (—Z z ——ZZ,)} , where p is the width of the strip, K=|V(xm‘”‘ xm‘%—l , n; is the point
i=1

i=1 n o ny =1

number in upper half of rectangle, n, is the point number in lower half of the rectangle.

Fig. 7. Calculate the area of projection
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Body part determination. The area of different regions in the reference layer L is computed as sy, 55, ..., ;.
Choose the one that has the largest area and mark it as “ M 7, i.e., the body part, the rest of the regions is marked
“ N which is limbs. The point iteration method is used to solve the point classification and then all region center
points of body are marked as “ M ” and region center of limbs are marked as “ N .

Skeleton point generation. The center point of the classified model could be converted to skeleton points set as
SK = {s,, 5,, ..., 5;} , which contains not only the coordinate of skeleton point, but the degree, the position, label
number and the body part or not. Most of the skeleton points are located in the center of object model, however,
there are also a small amount of skeleton points that are located outside the model in Fig. 8. We must remove the
model outside the skeleton points to obtain more accurate skeleton candidate points.

Fig. 8. Skeleton points of different human body gestures

4.3 Initial Skeleton Line Extraction

Skeleton Point Regularization. In order to remove those points outside the model from skeleton point set, it
is necessary to judge whether these points are located outside or not. As shown in Fig. 9(a), the point located
outside the projection region and the point located inside the projection region in Fig. 9(b). Non-Zero Winding
Number Rule is adopted to remove those points outside the model. For a given curve C and a given point p :
construct a ray (a straight line) heading out from p in any direction towards infinity. Find all the intersections
of C with this ray. Score up the winding number as follows: for every clockwise intersection (the curve passing
through the ray from left to right, as viewed from P) subtract 1; add 1 to every counter-clockwise intersection
(curve passing from right to left, as viewed from P. If the total winding number is zero, P is outside C; otherwise,
it is inside. Those point outside C could be removed as shown in Fig. 10.

-,
-

e

-

(a) Outside the model (b) Inside the model

Fig. 9. Position of skeleton point
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Fig. 10. Removing skeleton points outside the model

Skeleton Point Connection. The skeleton lines are acquired by two steps:

(1) connection of skeleton points belongs to one region;

(2) connection of skeleton points for different regions.

The skeleton points of each model part (such as the left arm, left leg etc.) have the same label, then the skele-
ton points in adjacent layer that belong to the same part is connected, and the initial skeleton line is obtained, as
shown in Fig. 11.

Fig. 11. Connection of the same part of human skeleton points

For different parts of body model, the connection of skeleton point is achieved according to the labels of skel-
eton points. Those points labeled as “ M ” are in main part of model, and the points labeled as “ N ” are in the
branches of model. Connect those points labeled as “ M ” to those points labeled as “ N, then initial skeleton is
generated.

Definition 1 Connection points. The connection point between the branch and the main body is joined, or the
backbone of the main body and the branch, e.g., point ¢, and p, in Fig. 12.

Definition 2 Highest points. Point with maximum y coordinate in skeleton point set, e.g., point ¢, and p, in
Fig. 12.

Definition 3 Lowest points. Points with minimum y coordinate in skeleton point set, e.g., point g,and p; in
Fig. 12.
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Fig. 12. Connection point, the highest and lowest point

Select a connection point from the branch and main parts respectively. The connection point for the branch
parts is usually the highest or lowest point in this part. The highest point p, and the lowest point p, in skeleton
set SKM of body part are obtained, and the highest point ¢, and the lowest point ¢, in skeleton set SKN of
branch part are computed. Compare the y coordinate y,, y,, v, » if y, =, ,then point g, is marked as the
connection point; otherwise, the point qlis marked as the connection point.

Highest point |

Highest point
Qip——— of branch part | of main part
Highest point

of branch part

lowest point of
branch part

|
|
|
|
3 Highest point |
of mainpart | lowest point of
| branch part
|
|
|
|

lowest point of
main part

lowest point of
main part

Fig. 13. Connection point in branch part

The connection point for the main part is determined according to the principle in Fig. 13. The point ¢ is sup-
posed to be the connection point in branch part, and ¢’ is the skeleton point which belongs to the same branch
as ¢ and also closest to ¢, the point d is the search distance, p, and p, are two skeleton points that have the
same distance to point ¢, a is the angle between pg and pg, 0 is the angle between pg and pq . Starting
from point ¢ , search its nearest point p, within d .If a <8, then select p, as the connection point of body
part, otherwise select p, . Here, the angle cand & is calculated as the follows:

O —x)(x —a)+ () — Y)W —b)+(z,—z)(z, —¢) )

o = arccos i 3)
ja7)ar]
-X; -a)+(y, -y, -b)+(z, -z, -
0 = arccos (% xj)(xl a)+(y, i/,)(ﬁl’ )+ (2 Zj)(zl c) @)
g, |a|

The coordinates of the points ¢, ¢’ are q(x,, y;,2), q'(xs ¥, z,) , and the coordinates of the points p; , p,
are p(x, ¥, 2) , p{x, Y z) . d+kC is the searching range, where d stands for the search distance, & stands for
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the number of searches and ¢ stands for the step size in search. The initial skeleton lines are illustrated in Fig.
14. Initial skeleton lines for different human models are shown in Fig. 15.

- (d+ &) )
—\/(xz_x1)2 )+ (z-7) (x, —x,) +X,. &
(d+x&)
’ 2= N 1. 6
\/(xz—xl)z+(y2_y1)2+(22_21)2 (y y)+y ( )
- (d + k&) )
c_\/()cz—)cl)2 +(y2_y1)2+(22_21)2 (z, —z))+2z,. )

Fig. 14. Connection of skeleton lines between the main part and the branch part

Fig. 15. Initial skeleton lines for different human models

4.4 Optimized Skeleton Line

The initial skeleton for body model has obtained, however, it may deviate from the center of body model due
to complicated body action. Meanwhile, it also produces some bifurcation points and internal error branch.
Therefore, the initial skeleton must be optimized two-step processing which contains rough processing and re-
fined processing. The rough processing includes removing bifurcation point and internal branch noise, and makes
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the model skeleton line centralization; and the refined processing is to discretize the skeleton by using interpola-
tion points.

Bifurcation Point Processing. The existence of multiple bifurcation points (as shown in Fig. 16(a)) greatly af-
fects the central and smoothness of skeleton line.

The wrong bifurcation points are found by calculating the number of those points with a degree of three. If the
number of those points is 1, then there is no presence of bifurcation point. If the number of those points is great-
er than 1, then there is exists bifurcation points. Taking the point with the largest y coordinate as the reference
point, the remaining wrong bifurcation point is replaced by the reference point, as shown in Fig. 16(b). The point
p’ in Fig. 16(b) is the result after removing the wrong bifurcation point p .

P(X1,y1,21) p'(X1.Y1,Z1)
q(x2,y2,22)
(a) Wrong bifurcation point (b) Result after optimization

Fig. 16. Skeleton lines optimization by removing the bifurcation point

Skeleton Centralization. Skeleton centralization is to move the skeleton line of the model into the center of
body model. As in Fig. 17, the skeleton line in the armpit, hips and shoulders has appeared to be outside the skel-
eton model. To solve this problem, an interpolation-based method is proposed as illustrated in Fig. 18. The algo-
rithm is illustrated in Table 2. After bifurcation line is processed, the result is shown in Fig. 19.

Table 2. Pseudo-code of skeleton centralization algorithm

Algorithm. Skeleton centralization
Input: Skeleton line
Output: Optimized skeleton line

1 For each skeleton line

2 Calculate the skeleton point degree D

3 take those points with D =4 or D = 3 as bifurcation point

4 find those skeleton lines that require optimization and the total number N

5 End for

6 For skeleton line to be optimized

7 Insert m interpolation point, e.g. ¢, ~ ¢,,

8 For each interpolation point

9 Search the neighboring point set V

10 Obtain the slice projection according to the interpolation point ¢; and
generate a  banded set of points C

11 Compute the center o, of C

12 move ¢;to o,

13 End for

14 connect gy~ ¢,

15 connect the connection point in branch part and ¢,

16 connect the connection point in main part and ¢,,

17 ___End for
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(a) Bifurcation line in shoulder (b) Bifurcation line in Armpit (c) Bifurcation line in Crotch

Fig. 17. Branching skeleton lines that need to be moved inside the model

® Interpolation point
® Connection point of main part

®  Connection point of branch part

Fig. 18. The interpolation points

Fig. 19. Results of the skeleton lines after bifurcation line processing

S5 Experimental Results

The scanned body model from Princeton shape Database is used to mainly evaluate the method in the paper, the
proposed method is implemented on a standard workstation equipped with an Intel 17-12700 CPU (Octa core,
4.7 GHz) and NVDA RTX3060-6G graphics card, and programmed with VC++ and OpenGL for displaying and
rendering.

196



Journal of Computers Vol. 34 No. 6, December 2023

5.1 Skeleton Extraction Result

In Fig. 20, the whole process of skeleton extraction method is illustrated, which is mainly executed in several
steps: slicing, center point, skeleton connection, initial skeleton and optimized skeleton.

(a) Raw data (b) Slice projection (c) Center point

(d) Removing points outside (e¢) Main skeleton connection (f) Branch skeleton connection

(g) Initial skeleton (h) Optimized skeleton (1) Final curve skeleton

Fig. 20. Skeleton extraction of the same model

5.2 Curve Skeleton for Body Model with Various Pose

The skeleton extraction method in the paper can deal with the human body model under different postures, the
experimental parameters are shown in Table 3. Fig. 21 displays the skeleton line of the human model under dif-
ferent postures. The skeleton is shown from different views. Fig. 22 displays the skeleton for different human
body model. Experiments show that the algorithm for extracting pose from the basic skeleton of the human body
model has good adaptability and can automatically determine the optimized skeleton, the final model has better
axial skeleton curve and smoothness.
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Fig. 21. Curve skeleton for same body model under different gestures

(a) Bodyl model (b) Body2 model (c) Body4 model (d) Body5 model
Fig. 22. Curve skeleton for different body model

Table 3. The model and the experimental parameters

Model Vertex number Third Mesh size(m)  Interpolation point number
Human model 1 7835 45 0.015 9

Bodyl 7521 23 0.03 7

Body2 9641 35 0.023 5

Body4 15015 22 0.015 5

Body5 20910 25 0.03 9
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5.3 Performance Analysis

It can evaluate the algorithm in the paper on those data with missed parts, as shown in Fig. 23. The result demon-
strates that it has good robustness to the original point cloud with missed parts, as shown in Fig. 24. The skeleton
could keep good accuracy and centrality and adaptable to various model.

(a) Human5 model with small holes (b) Human6 model with large holes

Fig. 23. Model with holes

Fig. 24. Results of skeleton on model with holes

5.4 Comparison Results Analysis

The algorithm in the paper is proved to be more robust and adaptable than the traditional algorithm in [18] and
[23], then it is also more efficient. The results are shown in Fig. 25 and Fig. 26.

Fig. 25 is the result of comparison with the literature [23]. In algorithm of [23], when the skeleton of the hu-
man body model is obtained, the skeleton at the joints is outside the model, which leads to the poor accuracy of
the final skeleton extraction effect. In this case, our method does not have this problem, therefore, the final skel-
eton extraction accuracy of human body model is better than that in [23]. In addition, the skeleton of the human
body model in [23] is not very good at the joint of the shoulder, but our algorithm is optimized for the skeleton
line of the shoulder position. In contrast, the axiality of the model skeleton has been improved.

The skeleton of the human body model obtained in [18] is relatively poor in the central axis of the skeleton
line on the shoulder, and multiple bifurcation points have occurred. In our method, the partial fork points in the
model are specifically integrated, and multiple bifurcation points are avoided. Therefore, the axial and smooth-
ness of the final skeleton line of the model is relatively good. Fig. 26 is the comparison results between our algo-
rithm and literature [18].

199



Slicing-guided Skeleton Extraction Method for 3D Point Clouds of Human Body

(a) Raw data (b) Reference [23] (c) Our algorithm

Fig. 25. Comparison results between our algorithm and reference [23]

(a) Raw data (b) Reference [18] (c) Our algorithm

Fig. 26. Comparison results between our algorithm and reference [18]

6 Conclusion

In the paper, the novel algorithm for extracting curve skeleton from unorganized, incomplete and unoriented 3D
point cloud body model is proposed. The algorithm firstly normalizes the body model according to the main trend
of original point cloud data, then a horizontal slice-based method is proposed to extract a series of center points.
The two-step skeleton line extraction principle which contains initial skeleton and optimized skeleton is adopted
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to obtain more robust curve skeleton. Experimental results show that our method is capable of maintaining good
robustness and efficiency for the skeleton extracted from incomplete point cloud data. Our method exhibits the
advantages of the slicing guided skeleton extraction methods.
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