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Research on the Contour Capture Algorithm of the
Key Action of Dance with Computer-Aided
Jin Zhang
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In order to solve the problem that the current key dance motion contour capture
algorithm cannot effectively capture the concave part of the key dance motion contour,
which leads to large contour capture error and long response time, a computer-aided
key dance motion contour capture algorithm is proposed. The action sequence without
background is obtained from the dance video, and the action sequence is optimized to
reduce the interference of contour capture. Algorithm tracks the posture change of the
object in the dance action sequence, determines the contour capture area, and
completes the contour capture of the dance key action. Experimental results show that
the proposed method can effectively improve the capture accuracy and shorten the
response time.
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INTRODUCTION
ance movement is based on the dancer's
body language expression, through a
certain plot narrative, emotional

expression or both in a unified way. In the
practice of dance training with human movement
as the core, the coordination of the dancer's
movement, the correct degree of force way,
muscle cooperation and so on not only affect the
artistic expression of the dancer, the standard of
movement display, but also have an important
impact on the dancer's own body condition. In
the dance performance, the dancer's key dance
movements are the highlight of the performance,
the display of the dancer's artistic skills, and the
key to the performance of dance art. Therefore,
the standardization of key dance movements is
crucial in daily dance training 1. With the
advancement of research on human motion
gestures in the field of vision, both computer
graphics and vision researchers can obtain dance
movement data from the contour changes of
dance movements and analyze the movement
changes of dancers' joints in order to guide and
correct the movements of dance trainers and
enhance the learning effect of dancers. The

movement data of the joints on the target are
captured by mechanical electric devices
mentioned in the reference 2, and after processing
the spatial displacement data collected by the
sensors, the movement contours are captured by
drawing. This algorithm is simple to implement
and has good results for static shape capturing,
but when applied to dance movement capturing,
it will restrict affect the standardization of the
dancer's movements and has a large limitation of
use. The traditional image segmentation-based
motion contour capture algorithm mentioned in
the reference 3 uses the rough capture of the
overall motion contour of the human body by
locating the person in the image and segmenting
the human body parts in the image. This
algorithm cannot achieve real-time processing of
motion transformations and has a large capture
error for some more complex dance movements.
The motion contour capture algorithm
mentioned in the reference 4 uses the snake model
to capture the contour of the motion image.
However, because the snake model only involves
the gradient information change of the pixel
boundary of the target object in the image during
processing, resulting in the algorithm's inability to
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capture the contour of the recessed part of the
captured object; secondly, the model is difficult to
handle the topological changes of the image, and,
because of its limited force capture range, its
initial contour can only be placed near the target,
which seriously affects the accuracy of capturing
the contour of dance movements and the
reliability of the algorithm. The above-mentioned
traditional movement contour capturing
algorithms cannot accurately capture the dynamic
dance movement contour due to the improper
processing of the target image and the limitations
of the algorithm itself. In order to help dancers
master dance movements accurately, improve the
standard of their movements and reduce the
probability of injury caused by non-standard
movements, it is necessary to improve the
movement contour capture algorithm by using
advanced computer technology.

At present, the international common Laban
dance score system will write down the dance
movement sequences from one-dimensional to
three-dimensional art space with a paper plane
score. In addition, the force-effective movement
analysis proposed in Laban dance score system,
from the dance body itself, proposes the
embodiment of life science, geometric law and
movement development state of the dance body
in movement, which constitutes the practical basis
of dance movement development. Through the
scientific description of human movement
sequences and the enrichment of force-effect
content in dance movements, it is clear that the
dancer's body and dance movements are closely
related to the life science of the human body, that
is, they are guided by physiology and anatomy,
thus helping to solve the most fundamental
problem of human movement in the dancer's
dance art practice. At the same time, with the
Laban dance score system and human
movement-related disciplines as the research
background, physical dance in the era of
computer-based multimedia art is essentially
inseparable from human movement itself, and
human movement thus becomes the core of
multimedia dance research 5,6. The mainstream
dance styles in today's world are guided by the
transition from real human performance to rigid
human performance, thus enabling the audience
to gradually form the ability to visually interpret

art and achieve an understanding of the emotions
expressed by the dancer. In the process of dance
performance, the transition from real human
movement to steel body performance lays the
foundation for computer-assisted dance art
practice. There is a developmental continuity
between computer-assisted, computerized dance
practice that presents a virtual human body with
geometric structure as an object, and is an
important object for today's study of the dance
human body and dance practice trends. Based on
the above analysis content, this paper will study
the algorithm of capturing the key movement
contour of dance under computer-assisted, and
design relevant test content to verify the feasibility
of this algorithm.

COMPUTER-ASSISTED ALGORITHM FOR
CAPTURING KEY MOVEMENT
CONTOURS IN DANCE
Acquisition of Background-free Dancer
Movement Sequences

The object of the dance key action contour
capture algorithm is a video image of a dance
action demonstration or a high frame image of a
static capture, and the background in the image
will affect the recognition and contour capture of
the dance key action. Therefore, the contour
capturing algorithm firstly needs to acquire the
dancers' action sequences without background.
For the background of the project under study,
the motion target segmentation method with
faster segmentation speed is selected to facilitate
real-time motion information acquisition.

The basic idea is to subtract the pixel value of
the current frame image from the corresponding
pixel value of the background image stored in
advance or obtained in real time, and if the
difference is greater than a certain threshold, the
pixel is judged to belong to the motion target,
otherwise the pixel is judged to belong to the
scene background 7-9. The motion foreground
mask obtained after closed-value segmentation
and binarization directly gives the position, size,
shape and other information of the motion target.
The disadvantage is that it is easily affected by
changes in external conditions such as light and
weather. Therefore the obtained motion
foreground mask needs to be post-processed to
get the ideal detection effect. The post-processing
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of the motion foreground mask is mainly to
eliminate noise and uninteresting motion targets,
and when the scene background color is similar to
the motion target color, the detected motion
foreground will have voids inside, which needs to
be analyzed and processed in the post-processing
stage to reduce the missed detection.

The main purpose of background modeling,
also known as background estimation, is to
transform the motion target detection of video
frame images into a binary classification problem
based on the current estimated background,
classifying all pixels into two categories:
background and motion foreground, and then
post-processing the classification results to obtain
the final detection results. Processing of dance key
motion images based on the principle of Gaussian
background modeling

For each pixel point in the dance key action
image, the change of its value in the sequence
image can be regarded as a random process that
continuously generates pixel values, which can be
expressed as

    1 2 0 0, , , , , 1tx x x I x y i i t   (1)

In formula (1), I is the pixel value; 0x and

0y are the horizontal and vertical coordinates of
the pixel point, respectively; I is the frame
number of the sequence image. In the hybrid
Gaussian background model, it is considered that
the color information between pixels is not
correlated with each other, and the processing of
each pixel point is independent of each other. If
not specified, the description of the background
model in this paper is for the same pixel point.

The key of background subtraction method is
the background image description model, which
is the basis of background subtraction method to
segment moving foreground. The single Gaussian
background model is suitable for the single mode
background. The color value distribution of each
pixel is represented by a single Gaussian
distribution  b b tX E  , in which the subscript
t represents the time. b represents the mean
value of the Gaussian distribution at time t; tE is
the covariance of the Gaussian distribution. Let
the color value of the current pixel be tI ,

t t td I  . If the value of 1T
t t td E d is greater

than a certain threshold, this point is judged as
the moving foreground point; otherwise, this
point is considered as the background point
matching with the Gaussian distribution.

The update of the single Gaussian distribution
background model refers to the update of the
parameters of the Gaussian function describing
the background of the scene, and introducing a
learning rate  to denote the update rate of the
parameters, the parameters of the Gaussian
distribution of the pixel points are updated
according to the following formula 10.
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In formula (2), t is the gray value of the
pixel in the current background image, and it is
also the mean value of the Gaussian distribution.
tI is the grayscale value of the current frame

pixel; 1t  is the grayscale value of the
background image after parameter update. Single
gaussian background model can deal with simple
scene is small and slowly changes, when a
complex scene background changed or mutate, or
background pixel values for peak distribution
(such as small repeat movement), the change of
the background pixels quickly, not by a relatively
stable unimodal distribution gradually transition
to another unimodal distribution, at this time
should be used mixed gaussian background model.
The basic idea of the mixed Gaussian model is as
follows: for each pixel, K states are defined to
represent the color presented, and K value is
generally between 3 and 5. The larger the K value,
the stronger the ability to deal with fluctuations,
and the longer the corresponding processing time.
Each of the K states is represented by a height and
magnitude function. Some of these states
represent the pixel value of the background, and
the rest represent the pixel value of the moving
foreground. If the color value of each pixel is
expressed by the variable X, its probability density
function can be expressed by K three-dimensional
Gaussian functions as follows 11:

   , , ,
1

K

t i t i t i t
i

f X x x E  


  (3)

In formula (3),  , ,i t i tx E  is the i

Gaussian distribution at time t ; ,i t is the
weight of the i Gaussian distribution at time t ,
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and the sum of all the weights of the Gaussian
distribution is 1. After obtaining the motion
sequences of the dancers without background by
using the mixed Gaussian background model, the
key motion and pose sequences of the dance were
optimized.

Optimization of Attitude Sequence
The obtained key movement sequence

without background dance contains the internal
details and movement information of the key
movements of the dance, as well as the body
movement information of the dancer when
making the corresponding movements, while
other details in the movement sequence will affect
the subsequent contour capture. Therefore, by
removing some useless details of the edge contour,
the sequence of key movements and postures of
the dance can be optimized. The Fourier
descriptor can be used to represent a
two-dimensional closed shape regardless of its
starting point, position, etc.

If    mx and    my are pixel coordinates of
key movements of the dance, then all these points
can be expressed as:        mz m x m jy  , and
Fourier descriptor can be defined as 12:

     
21

0
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     (4)

In the above formula, the range of k should be
from 0 to n-1, where N is all the contour points
on the closed shape. In the Fourier transform, the
spectrum contains positive and negative
frequencies in the middle of the DC component,
so you have to include them in the inverse Fourier

transform as well. After the Fourier descriptor is
transformed, the key dance sequences are
optimized according to the inverse operation of
Fourier descriptor. After analyzing the key
movement sequences of the dance, the object
posture changes in the sequence are tracked.

Dance Action Sequence Object Posture Change
Tracking
Description of human body rigidity

Motions that describe the key movements of a
dancer's dance can be divided into two types:
rigid movements and non-rigid movements. The
rigid motion of the model is that the distances
between vertices remain the same at all times. In
other words, a rigidly moving object does not
deform. Non-rigid movement, on the contrary,
when a dancer makes a dance movement, the
body can be viewed as a three-dimensional model,
the model can move in three-dimensional space
and can deform, the surface of the skin is elastic
and can twist. It is impossible for 3D mannequin
model to produce skin deformation like real
people, so the motion of the model is considered
as rigid motion in pose estimation.

The movement of the human body is reflected
by the movement of each part of the human body
in each frame with the position of the previous
frame. In three dimensional space, the position of
the human body corresponding to each frame is
always moving, which is called "moving frame",
denoted by Y; The other reference frame is called
a "fixed frame" and is denoted as G. The rigid
motion of Y relative to G depicts the relative
position of Y as Figure 1.

Figure 1.
Changes of moving frames during rigid movement of human body (represented by reference to fixed

frames)
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The coordinate system of all image frames in
this paper is right-handed, and each frame is
represented by x, y, and z and satisfies constraint
z x y  . The rigid motion Y can be
decomposed into a rotational motion R and a
translational motion T. In Euclidean space, both
rotation and translation can be described by a
matrix. The vertex on the 3D mannequin is
multiplied by this matrix to get the new
coordinates for that vertex. A rotation in three
dimensions can be a rotation about the x, Y, or z
axes, each of which can be represented by its own
matrix. The transformation of the model vertex
requires the calculation of its new position in
homogeneous coordinates. The position of the
vertex is still in homogeneous coordinates 13-15. If
the vertex to nonhomogeneous coordinates, need
to remove the last value of vertex coordinates,
each vertex three coordinates, as a result of the
model vertex motion is a linear transformation,
keep the fourth element value is always 1 in this
case, only the last element in the vertex removal
namely it under nonhomogeneous coordinates.

Tracking of moving objects in dance action
sequence

In the course of movement, not only the
position of the moving object changes constantly,
but the shape change of the three-dimensional
human body model can be ignored basically. In
the extraction result of the moving target in the
previous frame, we cannot directly obtain the
position of the moving target in the current frame,
which leads to the impossibility of matching the
moving target with a fixed template. However, in
a very short time, the displacement generated by a
moving object is always limited, and it is
impossible to have a large displacement distance.
A maximum distance is defined in advance, which
specifies the upper limit of the motion
displacement of all moving pixel points in the
dance motion sequence in the image plane.
According to the above analysis, in the dance
action sequence, the movement of the dancer can
be regarded as rigid movement. Therefore, the
energy term of the following equation is defined
16:

   1min ,t t t
fg l l xy l x y
F I f I I
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In formula (5), t
lI is the observed value of

the current pixel l of the input image of the
current frame; 1t

xI
 is the observed value of pixel

x of the input image in the previous frame;
 >0is a fixed constant.

When calculating the energy of any pixel
point marked as fg n the current frame, a small
neighborhood rigid template is used to match
within the range of positions that may appear in
the previous frame around the current point 17.
The closest color difference value is used to mark
the pixel as the foreground energy. In other words,
if a local range that is very similar to the
foreground color distribution of the previous
frame can be found around the pixel, its energy is
very small, that is, the probability that the pixel
belongs to the foreground is relatively large and
vice versa. If the foreground of the previous frame
is not found around the pixel, then we still have
to assume that the energy of the foreground is a
constant value.

The extracted moving area often contains the
sun mark and its cast shadow, which will bring
great difficulty for the follow-up target
classification if not removed. In order to avoid
dividing the shadow into moving objects or parts
of moving objects, shadow removal should be
performed before target classification. A shadow
cancellation term is introduced in the energy
function and integrated into the previous energy
function. When one component or several
components of the three channels of the current
pixel are greatly different from the background,
the probability that the pixel belongs to the
shadow is relatively small. When the difference
between the three channels is small, the current
pixel is likely to be the background in the shadow.
Introduce the shadow elimination item as follows:
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(6)
In formula (6),  is the parameter of the

shadow elimination item; H , S and V
are the color components in HSV color space
respectively. The effect of the shadow removal
item can be summarized as follows: the brightness
and saturation are slightly lower than the
background model, and areas with roughly the
same chroma are more likely to be judged as the
background under the shadow. According to the



Zhang et al.
Research on the Contour Capture Algorithm of the Key Action of Dance with Computer-Aided

Tob Regul Sci.™ 2021;7(5):1160-1169 1165

above content, after determining the movement
area of the dancer in the dance key movement
sequence, the outline of the dance key movement
can be captured by processing this area.

Realize the Key Action Outline Capture of Dance
Realization of contour capture of dance key

movements, Generally speaking, a human model
for motion capture usually contains three parts:
points, lines, and bodies (surfaces). The points
represent the joints of the human body, the lines
connect two adjacent joints to represent the bones
of the human body, and the secondary surface or
mesh model masks the geometric model of
muscles or skin on the bones. The points and
lines form the human skeleton, which is essential
to the human body model and defines the
geometric properties and motion attributes of the
human body model. Usually the human skeleton
is a tree joint chain structure, with the human
sacrum as the root node, the terminal joint as the
leaf node, and other joints as the child nodes. The
human pose is represented by the translation and
rotation parameters of the root node and the
rotation parameters of the other joints 18. A
typical human body model contains 15 to 22
joints. The more the number of joints in the
human skeleton, the more refined the human
action is represented, but the number of
dimensions of the independent variables to be
computed increases accordingly, making it more
difficult to capture the action contours. According
to the principle of human kinematics, the degrees
of freedom of human joints are not fixed in 3
dimensions, like elbow and knee joints can be
simplified to 1 degree of freedom. In order to
facilitate the calculation and reduce the search
space in the human posture space, the root node
is defined as 6 degrees of freedom (3 rotation, 3
translation), the shoulder and hip joints are three
degrees of freedom, and the remaining joints are
simplified to 1 or 2 degrees of freedom.

According to the Laban movement spectrum
principle describes the changes in the contour of
the 3D mannequin of the dancer when making
the corresponding key dance movements. The
Laban movement spectrum consists of two parts:

directional symbols and spectral surface 19. The
movement symbols mainly contain nine
directional symbols and three horizontal symbols,
which can be combined into 27 basic directional
symbols using directional and horizontal symbols.
Laban believes that human action is mainly
composed of five main components: body, space,
force effect, shape and relationship.

The human body is a complex joint chain
structure, and the motion of the current limb is
jointly determined by all the parent joints in its
joint chain, especially the end of the human body,
which usually right 3 to 4 joints to determine its
motion. Therefore, in order to obtain the motion
velocity of each joint of the human body, the
Euler angles of the 3D human model are
converted to the position coordinates of the joints
in the world coordinate system. The specific
calculation is that, for a node, let  , ,b p h be the
rotation angle (radian value) of the node around
the z, x, and y axes, respectively, and  0 0 0, ,x y z
be the position of its sub-joint point relative to
that joint, the rotation matrix is as follows:

cos sin 0
sin cos 0
0 0 1

1 0 0
0 cos sin
0 sin cos

cos 0 sin
0 1 0

sin 0 cos

b b
B b b

P p p
p p

h h
P

h h

 
   
  
 
   
  

 
   
  

(7)

The human skeleton is a joint chain structure.
Except the root node, all the other nodes are
described as rotating motion around their parent
node. After obtaining the position of the joint,
the end of the joint chain, i.e. the velocity of the
limb with large motion range such as hand and
foot, was selected as the basis for segmentation.
So let's just think about the motion of one joint.
Set the motion positions 0v , 1v and 2v of the
front and rear frames, and the Angle relationship
between the motion direction of the current
frame is as Figure 2:

Figure 2.
Angle of motion direction
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Then the formula for calculating the Angle
between the motion direction of the frame is as
follows:

   0 1 2 1

0 1 2 1

arccos
v v v v
v v v v


 


 

(8)

Motion velocity is obtained by differencing
between frames. Motion capture data acquisition
frame rate is usually greater than 60fps, some
devices even up to 1000fps. high frame rate data
acquisition adjacent frames difference is small,
increasing the noise of using speed judgment.
Using uniform sampling, the frame rates are all
reduced to 10fps, and then the motion direction
angle and motion velocity of adjacent frames are
calculated. The angle threshold and velocity
threshold are set 20,21. When it is less than the
threshold value, it is used as the splitting point of
the action, and the corresponding current frame is
the key frame.

The motion capture data is recorded according
to the hierarchical structure of the human
skeleton. Usually the motion of the root node
describes the motion of the center of gravity of
the human body, which describes the motion of
the human body as a whole, while the other joints
are the joint chain motion starting from the root
node. Therefore, we use a hierarchical clustering
approach to first divide the motion of the root
node into clusters, and then cluster them in order
according to the hierarchy of the skeleton. Since
the direction symbol of Laban motion spectrum is
the direction under the root node coordinate
system, we calculate the position offset of all
joints in the root node coordinate system relative
to the parent node in this paper. After clustering
the key frame data, each limb forms 27 classes,
and each class is regarded as a state of the current
limb, thus forming a hierarchical state node

according to the hierarchical structure of the
human skeleton, which represents the starting and
ending points of limb movements. When
capturing the key dance movement contours,
calculating the changes in the starting and ending
points of limb movements in consecutive frames
requires matching the corresponding points from
frame to frame. Each histogram is the shape
context of contour C1. Since the contour points
ip and iq are in two consecutive key frames C1

and C2, respectively, the cost function to match
these two points can be expressed as
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In formula (9),  ih k ,  jh k represent the
normalized histogram of contour points ip and

iq . According to the principle of thin plate spline,
all contour points are connected to get the outline
of key dance movements in continuous frames.
Through the above steps, the key movement
outline of the dance was captured. So far, the
research on the contour capture algorithm of key
movements of dance with computer aid is
completed.

RESEARCH ON ALGORITHM
PERFORMANCE TEST

In order to reduce dancers' physical injuries
caused by non-standard movements in the daily
training process, and to better help them master
the relevant dance key movements. In the above
paper, the computer-aided dance key movement
contour capture algorithm is studied to address
the problems of the traditional movement
contour capture algorithm. In this section, the
performance of the algorithm will be tested by
conducting relevant experimental studies.
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Experiment Content
To verify the effectiveness of the algorithm, a

dance video collected from the Internet is used for
testing. The resolution of the dance video image is
1080*640, in order to avoid too many observed
objects in the video, which affects the algorithm
processing efficiency and the experimental process.
The dance videos selected for this test are all
single dances. The experiments were conducted in
the form of comparison and validation, and the
action contour capture algorithms mentioned in
the reference 3 and reference 4 were selected as
comparison group 1 and comparison group 2,
and the key action contour capture algorithm for
dance under computer-aided research in this
paper was used as the experimental group. The
comparison indexes selected for the experiments

were the capture error of the contour capture
algorithm and the processing response time of the
algorithm. By analyzing the experimental data,
the performance advantages and disadvantages of
the three contour capture algorithms are
evaluated.

Experimental Results and Analysis
The dance videos used in the experiments are

all single performances from various dance events
at home and abroad, and all videos are free from
overly elaborate backgrounds. Three sets of
contour capture algorithms were used to capture
the key movements of the excerpted frames in
different videos. The test data of the algorithms
corresponding to the capture error and processing
response time are shown in Table 1.

Table 1.
Algorithm capture error and response time

Dance
number

Comparison group 1 Comparison group 2 Experimental group
Capture error

/mm
Response time

/ms
Capture
error /mm

Response
time /ms

Capture error
/mm

Response
time /ms

1 70.4 293.2 46.2 110.8 12.8 75.7
2 64.1 293.2 74.8 101.8 12.7 83.4
3 65.1 291.8 49.7 103.3 12.6 73.9
4 64.5 292.6 43.3 107.7 13.5 72.3
5 98.1 292.8 46.2 109.5 12.2 59.4
6 66.7 289.7 50.7 112.8 12.1 76.8
7 86.8 292.5 42.6 102.6 13.0 65.5
8 61.4 289.7 44.7 106.9 13.7 59.2
9 66.6 291.7 69.5 101.1 13.4 75.5
10 69.1 291.9 42.4 108.9 13.6 81.6

Analysis of the Table 1 shows that the contour
capture error of the experimental group algorithm
is much smaller than the contour capture error of
the two comparison groups' algorithms for
different single dance performance videos with
key movements contour capture. There are
significant fluctuations in the contour capturing
errors of the two comparison groups' algorithms
for different dance videos. It indicates that the
comparison group algorithms are less reliable
when performing contour capture compared to
the experimental group algorithms. The response
time of the experimental group algorithm is
significantly shorter than the other two
algorithms when performing dance key action
capture. Seeking the average value of the index
data in the above table, it can be seen from the
average value that the experimental group
algorithm improves the capture accuracy by at

least 71.66% and shortens the response time by at
least about 32.11%. The above two results show
that the experimental group algorithm is better
than the two algorithms mentioned in the
reference for capturing the contours of dance
movements. In conclusion, the computer-aided
dance key movement contour capture algorithm
studied in this paper has better reliability and
accuracy and can be practically applied to dance
movement contour capture.

CONCLUSION
With the rapid development of information

technology, people can use images or videos as
information carriers to study the change
information of dance movement contours, which
can help identify the subtle contour changes in
dance movements, thus helping dancers to reduce
injuries beyond the training process. Regarding
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the problems of traditional contour capture
algorithms, this paper investigates the
computer-aided contour capture algorithm for
key dance movements. The reliability and
effectiveness of the contour capture algorithm are
verified by using a single person dance video as
the research object. Since the single dance video is
used as the research object for all the experiments,
in the future research, we should try to increase
the capture objects in the video image for
corresponding in-depth research to improve the
performance of the algorithm.
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