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Abstract

Aiming at the low accuracy of traditional dance movement recognition methods, a movement recognition algorithm
based on human posture estimation is proposed. Firstly, PAFs algorithm is adopted to recognize the spatial skeleton
nodes of the human body model and the connection of human body joints, thus the human movement skeleton is
obtained. According to the movement skeleton, the human body posture can be estimated. After the posture
information is preprocessed and features are extracted, LSTM time series algorithm is used to classify and recognize
the dance movements. The results show that the algorithm can clearly identify the dance movement skeleton nodes.
For different movement categories, the recognition accuracy and recall rate of different movement categories are
above 85%, and the recognition accuracy of curtsey movement is up to 95.2%. It can be seen that the recognition
accuracy of this algorithm is significantly improved and different dance movement categories can be accurately

recognized.
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1. INTRODUCTION

With the support of information technology, it is
possible to use computer vision technology to recognize
human movements. This technical research result has
played an important role in many fields. With the
development of computer vision technology, people
have developed video-based human motion recognition
technology [4]. That is comprehensive application of
image processing, recognition and classification
technology to process the video data imported by users.
Then, extract and analyze the feature information in the
video data which can help us recognize the human
movements presented in the video. Obviously, the
video-based human action recognition process includes
two main points. One is to extract feature information
from video data, and the other is to identify and analyze
the extracted feature information [5]. At present, human
motion recognition technology has been applied in
many fields, but so far there is no example of using
human motion recognition technology to recognize
dance movements. From an application point of view,
the human body motion recognition technology can be
used to process the recorded dance video and accurately
recognize the dance moves in the video. Then compare
it with the standard dance motion to find out the
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dancer’s irregular motion and give us correct correction
guidance. So the overall effect of dance teaching is
improved. The posture-based dance action recognition
technology studied in this paper first uses the human
posture estimation algorithm to extract the dancer’s
spatial skeleton node in the dance video, and then uses
the time sequence processing algorithm to identify the
skeleton sequence on the time axis, which can be used
for the entire dance Human movements are recognized.

2. OVERALL IDEA OF DANCE
MOVEMENT RECOGNITION

The dance movement recognition algorithm is the
core of the dance movement recognition technology.
The algorithm includes two stages. The first stage is the
human pose estimation process based on the human
body pose estimation algorithm (PAFs), and the second
stage is based on the long and short cycle memory
neural network (LSTM) sequence classification process
[1]. Of course, before starting the dance movement
recognition algorithm, the input video needs to be
extracted and cropped. And the output of the dance
movement recognition algorithm is the action category
contained in the video. The above ideas can be
illustrated in Figure 1.
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Figure 1. The execution process of the dance movement recognition algorithm

3. HUMAN POSE ESTIMATION THE PAFS
ALGORITHM IS A BOTTOM-UP MODEL

PAFs algorithm is a down-top algorithm. It first
identifies the spatial skeleton nodes of the human body
model, and then links each node to obtain the human
body action skeleton. The opposite of the PAFs
algorithm is a top-down algorithm, that is, personnel
detection is performed first, and then the joint points of
each individual are identified. In contrast, the top-down
algorithm will cause a delay in computing due to an
increase in the number of people [6]. The PAFs
algorithm effectively avoids such problems, and its
parallel computing speed will not be affected by the
increase in the number of people.

The idea of the PAFs algorithm is to pass the picture
through the backbone network once and then the heat
map for six times, thereby identifying all the individual
joint points in the picture. Then link all the joint points
to construct the human skeleton.

L(p) indicates the direction of the pixel on the
human skeleton, and S(p) indicates the response of the
key point. The backbone network VGG16 contains two
branches, which are used for regression L(p) and
regression S(p) respectively [3]. After the regression
analysis is completed, the loss operation is performed,
combining L, S and input to form a new input item, and
returning to L, S again. The loss module uses the L2
norm to obtain the true values of L and S by reading the
joint points in the annotation file, and then solve the loss
value.

When performing S regression analysis, different
types of joint points correspond to their unique channels,

and the method of using multiple Gaussian distributions
to take max is usually used to determine the true value
of S.

When performing L regression analysis, the
following formula (1) can be applied to calculate the
PAFs on the c-th limb of the k-th person in the picture.
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In the formula, H 2 8 Ik refers to the

position of the j-th key point of the k-th person [2]. A
reasonable threshold is set to check whether the pixel
point p falls on the human limb, which corresponds to
equation (2):
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In the formula (2), Ol refers to the width of the

L
limband ~“F refers to the length of the limb.

Perform homogenization of the limbs of the same
category of different individuals in the picture to ensure
that the output channel of L is consistent with the
number of limbs, corresponding to equation (3):
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After establishing the heat map and determining the

X,
location of the key points 7, apply the following point
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integral formula (4) to estimate the correlation between
the key points.
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In formula (4),

The human body pose estimation phase completes
tasks such as extracting key nodes and calculating the
weight of each node connection, which prepares for the
subsequent time series recognition phase [7]. The
essence of the second phase is to solve the graph
optimization problem, that is, to use the Hungarian
algorithm to achieve the optimal matching of adjacent
nodes. So that we can obtain a humanoid posture
skeleton consistent with the actual situation.

4. DANCE ACTION
BASED ON TIME SERIES

RECOGNITION

The recurrent neural network model (RNN) has
advantages in processing sequence data. But when the
model uses the BPTT algorithm to update the weights of
each layer of the network, in addition to the input
samples, it will also input the output of the previous
round [8]. This sharing mechanism can exert beneficial
effects in a short period of time, but over time it will
consume a lot of memory and even cause a "gradient
explosion." The LSTM algorithm belongs to the
category of the RNN model, but it is different from the
traditional RNN model by virtue of its forgetting
function [9]. The LSTM model contains 1 tan layer
module chain and 4 layer module chains. Among them,
the 4 layer module chains act as the memory unit and
gate structure of the LSTM model to control the

addition (memory) or deletion (forgetting) of
information. Therefore, this research applies LSTM to
dance recognition.

5. TEST AND ANALYSIS

5.1. Test Data Set

In this experiment, relevant dance video materials
were collected from the Balletto dance video database to
verify the dance action recognition algorithm. The video
material collected in this experiment contains 10 ballet
dance moves, such as bray dance step, big kick, circle,
fast rotation, arabesque, toe rags, whip circle, curtsey,
hand and foot coordination, cat jumping.

5.2. Effect Analysis of Dance Action
Recognition Algorithm

After preparing sufficient video material, the
application effect of the PAFs algorithm is tested first.
The test results are shown in Figure 2(a) below. It
showed that the PAFs algorithm has identified 15 joint
points on the dancer, but the recognized joint points of
the head and waist are deviated from the actual situation.
This reveals that the PAFs algorithm's estimation ability
for limb joints with large scale changes still needs
improvement. In addition, according to the analysis of
the human body posture estimation heat map 2(b), the
PAFs algorithm outputs the heat maps of the joint points
of the two legs at the same time. This is mainly because
the large-scale dance moves are quite different from the
normal human body shape. It causes interference when
the PAFs algorithm returns to the joint points. On the
whole, the PAFs algorithm can basically estimate the
dancer's skeleton node more accurately.

(a)Skeleton diagram of human pose estimation
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(b)Thermal map of human posture estimation
Figure 2. Skeleton diagram of human pose estimation and thermal map

The dance video is extracted from the frame by
frame, thereby building a sequence of pictures, which is
used as the input of the PAFs algorithm. We perform
pose estimation on the extracted pictures to generate a
sequence of spatial skeleton nodes. Obviously, the
performance of the PAFs algorithm will have a direct
impact on the spatial skeleton node sequence, and then
affect the application effect of the LSTM algorithm.

Table 1. Accuracy table of dance action recognition
algorithm

Action category  Accuracy rate/% Recall rate/%

Hands and feet 90.0 90
Big kick 85.7 90
Arabesque 90.0 85
Curtsy 952 95
Toe step 90.9 85
Cat jumping 86.4 85
Whip in circles 95.0 80
Fast spin 85.0 90
Go round 94.7 75
Bray steps 90.9 85

According to the analysis in Table 1 above, the
LSTM algorithm has a recognition accuracy of 95.2%
for curtsy, which ranks first among all dance
movements. And the LSTM algorithm has an 85%
recognition accuracy for fast rotation, which is the last
among all dance movements. In addition, The LSTM
algorithm has the highest recall rate (95%) for curtsy
and the lowest recall rate (75%) for turns. After
statistical calculation, the accuracy and recall rate of the
LSTM algorithm for identifying 10 ballet movements
are 90.4% and 86.0% respectively. It can be seen that
the accuracy of the LSTM classifier in identifying ballet
movements is in line with expectations.

6. CONCLUSION

The pose-based dance action recognition method
proposed in this paper combines the PAFs algorithm and
the LSTM algorithm. First, the dance video input by the
user is cropped into pictures according to frames, and
then the body pose estimation is performed using the
PAFs algorithm to generate a sequence of spatial
skeleton nodes. It is substituted into the LSTM
algorithm as an input item to predict the human
movement in the dance video. According to the
performance test results, the dance movement
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recognition method proposed in this paper can more
accurately identify and predict dance video movements,
and can play a role in assisting dance teaching in reality.
However, the dance action recognition method proposed
in this article has a low recognition accuracy for human
joint points with large scale changes, which is also an
important direction for follow-up research.
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