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ABSTRACT. While traditional cameras may not be able to accurately recognise human
movements in 3D space, somatosensory interactive devices can achieve more accurate
movement recognition through more advanced sensing technologies and algorithms. In
addition, the somatosensory interaction device can capture and feedback the information
of dance movements in real time, which enables the dancers to adjust and improve their
movements in time, thus improving the performance quality of dance. Therefore, this
paper proposes a 3D dance movement recognition method based on somatosensory inter-
action devices and neural networks. Firstly, the principle of measuring depth information
based on Kinect, a somatosensory interactive device, is investigated, and the conversion
between the world coordinates and the coordinates of the depth image is analysed. Sec-
ondly, the depth image obtained by Kinect is used to detect the human body, including
edge information and depth change information, to achieve preprocessing and human
body localisation. A human joint feature extraction method based on random decision
forest is proposed. Then, a Hierarchical Extreme Learning Machine (H-ELM) network
containing three hidden layers is constructed using the depth map of human joint features
as input features. The number of nodes in each layer is 1024, 512, and 128 respectively.
The number of nodes in the input layer is the dimension of the human body’s keypoints,
and the number of nodes in the output layer is the number of gesture categories. Finally,
a 3D movement dataset containing 10 dance movement categories was constructed and
tested. The results show that although the training time is increased, the H-ELM algo-
rithm has the highest recognition accuracy in terms of accuracy.

Keywords: Human posture; dance movement recognition; Kinect; single-hiddle layer
feedforward neural network; H-ELM

1. Introduction. 3D dance movement recognition can be applied to dance teaching and
training by using technologies such as sensors to accurately capture and analyse dancers’
movements [1, 2], provide real-time feedback and guidance, and help learners better under-
stand and master dance skills. By recognising dance movements, more accurate feedback
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and guidance can be provided for dance teaching to help students improve their move-
ment skills. Meanwhile, for dance performers, they can improve the quality of their dance
performances by conducting self-assessment and training through the 3D dance move-
ment recognition system. Meanwhile, in dance performances, the dancers’ movements
can be captured by sensors and combined with virtual stage or virtual reality technology
to create more immersive stage effects.

There are several problems with traditional techniques that employ sensors for dance
movement recognition [3, 4]. For example, traditional sensors usually need to be worn or
mounted on different parts of the dancer’s body, such as the wrist, waist, or ankle [5],
which limits the dancer’s comfort and freedom, and increases the complexity of deploying
and using the system. The data collected by the sensors requires complex processing and
parsing to extract information about the dancer’s movements from them. However, sensor
data may be subject to a number of technical limitations in pose recognition and motion
tracking, resulting in reduced data accuracy and reliability.

In contrast, somatosensory interaction devices have certain advantages in dance move-
ment recognition. Somatosensory interaction devices are usually in the form of cameras
or depth sensors [6, 7], eliminating the need for dancers to wear or install any additional
sensor devices. This increases the comfort and freedom of the dancers and facilitates the
rapid deployment and use of the system. Somatosensory interaction devices can capture
dancers’” movements in real time and process them instantly, which can provide more
accurate results than traditional sensors. For example, depth sensors can provide in-
formation about the depth of an image, thus better capturing the spatial position and
posture of a dancer [8, 9]. Somatosensory interaction devices are often flexible enough
to adapt to different dance movements and environments. With appropriate algorithms
and models, they can recognise and analyse various types of dance movements, including
jumps, turns, spins, etc., for different dance styles and genres. All in all, somatosensory
interaction devices offer better comfort, real-time, accuracy and system flexibility in dance
movement recognition, and can provide better user experience and performance compared
to traditional sensors.

However, the accuracy of 3D human movement recognition based on somatosensory
interaction devices still falls short of the desired requirements. Therefore, a 3D dance
movement recognition method based on somatosensory interaction devices and neural net-
works is proposed. The aim of this study is to reduce the limitations of traditional sensors
by using somatosensory interaction devices to adapt to different dance movements and
environments. Meanwhile, the neural network model allows for efficient feature extrac-
tion and classification of dance movements, thus achieving higher accuracy in movement
recognition.

1.1. Related Work. Microsoft’s somatosensory interaction device Kinect was originally
designed for gaming, but the role of Kinect has gone far beyond gaming. Kinect-based
research has become a hot research direction in the fields of pattern recognition, computer
vision, virtual reality and human-computer interaction [10, 11].

Schwarz et al. [12] proposed a whole body pose estimation of the human body using
anatomical markers, Kinect to obtain depth maps and a human skeleton model, and
Geodesic Distances to measure distances between body parts using Geodesic Distances.
Wang et al. [13] uses SVM classifier to classify the depth image information of human
body into multiple parts of the body. Gahlot et al. [14] used the human body image
obtained by Kinect’s depth sensor to recognise the 3D human body pose. In view of
the cheapness of Kinect, many medical experts also bring this advantage into medical
rehabilitation, and track human limbs to determine their positions [15], so as to identify
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the movements that enter the body. Vieira et al. [16] proposed the use of games for
rehabilitation therapy, which can increase human motivation. The use of Kinect in virtual
scenarios can effectively enhance the quality of rehabilitation, improve the psychological
quality of patients and reduce their negative emotions.

Research on neural network based human pose recognition has now made great strides
in processing video streams in real time and achieving state-of-the-art results on multiple
datasets. Kamel et al. [17] proposed a method for real time human 2D pose estimation
using Convolutional Neural Networks (CNN). The method uses a kind of part affinity
fields to represent the spatial relationships between captured body parts. Rohan et al.
[18] proposed a novel method for human pose estimation using CNN. The method uses
a novel network architecture called convolutional pose machine which captures the long-
term dependencies between body parts. Tian et al. [19] proposed a method for human
pose estimation using deep residual networks. The deep residual network uses a stacked
module that captures local and global relationships between body parts.

Compared to CNNs and deep residual networks, Extreme Learning Machine (ELM)
based on Single-hidden Layer Feedforward Neural Network (SLEN) [20] requires only one
iteration to complete the training, whereas the former two require multiple iterations
to converge. ELM is insensitive to noise and outliers in the training data and has a
strong generalisation ability [21]. ELM has a small computational effort and is suitable
for resource constrained devices such as Kinect. Therefore, ELM has a greater advantage
in human posture recognition.

1.2. Motivation and contribution. In the depth information obtained by Kinect, off-
set normalisation ensures that features are depth invariant. However, any single such
feature provides only a weak signal.

In addition, ELM is widely used in practical applications for tasks such as regres-
sion, classification and feature learning. However, since the training samples in classical
ELM are always the original dataset, which makes the robustness and generalisation per-
formance of 3D dance movements limited, the Hierarchical Extreme Learning Machine
(H-ELM) is introduced in this work [22, 23]. The main innovations and contributions of
this work include:

(1) A randomised decision forest-based feature extraction method for human joints is
proposed to address the problem that any single feature captured using Kinect can only
provide a weak signal about which body component the pixel belongs to.

(2) An H-ELM-based dance movement recognition method is proposed. An H-ELM
network containing three hidden layers is constructed. The number of nodes in the input
layer is the dimension of the human body’s keypoints, and the number of nodes in the
output layer is the number of dance movement categories.

2. Depth information based on Kinect, a somatosensory interaction device.

2.1. Introduction to Kinect. Kinect is a somatosensory interactive device publicly
released by Microsoft in 2010 [24]. Kinect has three lenses. The middle lens is an RGB
colour camera that acquires 30 frames of colour images per second as shown in Figure
1. In addition, the Kinect has an infrared 3D depth sensor that can be used to detect
the relative position of the player. There is a set of microphone arrays (4) on either side
of the Kinect for sound source localisation and speech recognition. At the bottom is a
base with built-in motors for adjusting the tilt angle, the specific parameters of which are
shown in Table 1.
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Color camera sensor

Figure 1. Colour camera sensor

Table 1. Structure and function of Kinect

Software Functionality
RGB Camera Resolution 1280x960, Viewing angle: 43° vertically, 57° horizontally
Infrared emitter Emits infrared light to create a diffuse image
Infrared receiver  Resolution 640x480, receive scattering image information, build depth image
Motor Adjusting Kinect Elevation Angle
Array Microphone Receive sound signals

The Kinect sensor provides three major data sources [25], including depth data streams,
colour data streams, and raw audio data, which correspond to the three processing pro-
cesses of skeleton tracking, identity recognition, and speech recognition, respectively. The
Kinect was initially designed for gaming, but as gaming enthusiasts as well as academics
around the globe have explored the capabilities of the Kinect, it has become much more
useful than just the gaming category.

Kinect offers a range of novel and powerful technologies such as depth sensing, skeleton
tracking, speech and human recognition that are being experimented with as a new form of
human-computer interaction in industries such as education, healthcare, video surveillance
and more. In addition to capturing normal video, Kinect is unique in its ability to capture
depth data, which allows it to obtain the distance between the target object and the sensor
within the viewing angle. The Kinect has high application value in 3D dance movement
recognition. Specifically, Kinect can convert dance movements into corresponding digital
signals, which can also play an important role in virtual reality and game development.

2.2. Principle of depth information measurement. Kinect uses a technique called
structured light to measure depth information. Structured light works by projecting a
special pattern of light onto an object, and then using the Kinect’s infrared camera to
capture the pattern. Based on changes in the shape and position of the captured light
patterns, Kinect can calculate how close the object is to the camera, and thus obtain
depth information. This technique enables real-time depth measurement and is suitable
for a wide range of scenarios and environments.

According to the calibration relationship between the selected reference image and the
light source, the distance from the object to the light source is calculated, a 3D image is
constructed, the distance is normalised and converted into a grey value image, and finally
a depth image is output. The field of view of the Kinect sensor is limited, as shown in
Figure 2. With a pyramidal reach, the infrared ray covers a bigger cross-section of the
economic field of view the farther it is from the camera. Accordingly, the depth value of
each pixel represents the distance between the item in the field of vision and the camera,
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rather than the height and breadth of the picture and the actual position inside it being
a one-to-one connection.

.....

~

Figure 2. Kinect field of view

In depth frames, each pixel occupies 16 bits, i.e., two bytes, while the depth value
occupies 13 bits, as shown in Figure 3, where the depth value is stored in bits 3 to 15.

0000 1010 1101 0111
15I 21 11 8 7 4 3 l (‘J
Depth Bits Player Index

Figure 3. Layout of the depth bits

In order to use Kinect for depth measurement, firstly, we need to calibrate Kinect,
including the calibration of RGB color camera and IR camera, and the corresponding
coordinate relationship between depth map and RGB map. The original value d, of 3D
space point P is defined as shown below:

d=Ktan(H -d, + L) — O (1)
After obtaining the depth of the image, it is possible to recover the world coordinates
of the point P, as shown below:

tu = (20 §) - (oa+ D) P (3)
yd—g)'(zw—i-D’)-F (2)

Yuw = (
Zw = d

where (4, Yyq, zq4) is the depth coordinate, (z., Y, 2,) is the actual coordinate, D’ =
—10, F = 0.0021, and the resolution of the Kinect is w x h = 640 x 480.

Figure 4 shows a schematic diagram of the world coordinates and the coordinates of
the depth image. In the world coordinate system, it is the Kinect sensor as the origin,
while the depth map coordinate system uses the depth image origin as the origin of the
coordinate system.

3. Kinect-based human body detection and feature extraction.

3.1. Preprocessing and human body localisation. In this work, the depth informa-
tion obtained from Kinect is used to detect the human body, including 2D edge detection
and 3D shape detection, respectively. The depth image is first processed with noise reduc-
tion and smoothing, and then the human body is localized using the second-order head
detection process.

Assuming a continuous space, some points in the depth map obtained using Kinect are
subject to pixel offsets, which are considered as a kind of noise. In order to eliminate the
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Figure 4. The world coordinates and depth coordinates

interference caused by this noise, it is necessary to recover their depth values. For missing
points, assuming that their neighboring pixels are very similar, all 0-pixel points are first
assumed to be empty and filled using the nearest neighbor interpolation algorithm.

In order to determine the possible regions of the human body, in this paper, edge
detection is used to find the edge of the depth map, and then 2D chamfer distance
matching algorithm [26] is used. The specific steps are as follows:

(1) Select a specific 2D template (Sobel operator edge detection template) as a reference
template.

(2) Calculate the distance between the depth image obtained by Kinect and the refer-
ence template to generate a distance image. The distance formula for each pixel point in
the distance image can be calculated using Euclidean distance.

Assuming that ref(z,y) denotes the value of point (x,y) on the reference template and
img(x,y) denotes the value of point (z,y) on the depth image, Equation (3) can be used
to compute the distance value from each pixel point of the image.

Diw,y) = > (ref (i j) = img(w + iy + j))’ (3)

(3) Using 2D chamfer distance matching algorithm, the distance image is matched
to find out the edge location in the depth image that is most similar to the reference
template.

The regression function for the depth value and height of the human head is shown
below:

—y=p1-2°+pa-2°+ps-T+py (4)
where p; = —1.3835 x 1079, py = 1.8435 x 1072, p3 = —0.091403, ps = 189.38
The standard height of the head in the depth map is calculated and then the head is
searched within a certain range.

R =1.33h/2 (5)
where h is calculated using Equation (4).
The hemisphere was used as a 3D head model, which was then fitted. The depth was
normalized by the CR to obtain a circular region with a radius of R;.

du(i, j) = d(i,j) — min(d(i, 7)), i,j € CR (6)
where d(i, j) is the depth value of pixel (4, 7) and d,,(7, j) is the normalized depth value.
The mean square error between the 3D model and the circular region 7'(7, j) is shown

below.
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Er = Z |dn(27j)_T(l7])|2 (7)
i,jECR

3.2. Human Joint Feature Extraction Based on Randomised Decision Forest.
In the RGB image, a person standing on the ground can use gradient features to detect
the demarcation line between the human foot and the ground. Whereas in depth images
the depth values of human foot and ground plane are same, so the overall contour of
human body cannot be detected using common boundary detectors. At the same time,
based on the actual situation it is considered that the human foot is usually upright, for
any object touched by the human body, the parts of the object and the human body may
also have the same depth value.

Using a region expanding method, the depth map’s total human body contour is ex-
tracted. It is presumed that the human target’s surface depth values are continuous
within a given area. The location of the seed, or the center of the map found by fitting
the 3D model, is where the algorithm’s rules begin. The expanding region is determined
by how similar the region is to its surrounding pixels. The following definition applies to
the similarity between the pixels x and y in the depth map.

S(z,y) = [d(z) — d(y)] (8)
where d(-) denotes the depth value, the depth of the region is the average depth of all
pixels in the region.

1 .

() = 5 ) ©
It is assumed that the coordinates and velocity of the target change smoothly between
neighboring frames. Firstly, the center of the detection block is found. Then, the 3D
coordinates and velocity of the human body are calculated for each frame. The coordinates
are taken straight from the depth map, and the neighboring frames’ coordinate locations
may be used to determine the velocity. The energy values for spatial and velocity changes

are shown as follows:

E=(c—cy)?+ (v—1p)? (10)
The segmentation of body parts is considered as a pixel-by-pixel classification issue
when human contour tracking is implemented. While the appearance of individual body
parts still changes greatly depending on the scenario, evaluating each pixel independently
eliminates combinatorial search between distinct body joints. A motion capture database
is used to sample a variety of stances from people of all sizes and shapes. From this,
training data in the form of realistic synthetic depth maps is produced. This work uses
eighteen body part components. There are basic features for depth comparison. The
features are calculated in the following way for a given pixel x.

fo(l,z) =d; (x + ﬁ) —d; (x + %) (11)

where d;(z) is the depth of the image I at pixel 2 and the parameter § = (u, v) describes
the offsets u and v.

Normalising the offsets guarantees that the features are depth invariant. For a given
point on the body, whether it is near or far from the camera, (feature computation) gives
a fixed offset in world space. However, any single such feature can only provide a weak
signal about which component of the body the pixel belongs to. To address this problem,
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this work proposes the use of randomised decision forests [27, 28] to combine individual
features in order to accurately distinguish all training components.

A randomised decision forest is a totality of T" decision trees, each with branch nodes
and leaf nodes. Each branch node consists of a feature fy and a threshold 7. To classify
the pixels x of an image I, the feature values are obtained by continuously calculating
Equation (11) starting from the root node. Then, the tree branches to the left or right
based on the comparison of the feature value with the threshold value 7. The leaf nodes
of the tree store the trained distribution Pj(c|l,x) of body component labels ¢. The
distributions of all trees are averaged and used as the final classification.

P(c|I,x) ZPt c|ll,x) (12)

Given a random pair of branching candidates ¢ = (6,7) (feature parameter 6 and
threshold 7), use each ¢ to partition the sample set @ = {(I,x)} into left and right
subsets.

Qu(d) ={(L, )| fo(L,2) <7} (13)

Qr(9) = Q/Qi(¢) (14)

Determine ¢ by solving the maximum information gain problem.

¢" = argmax G(¢) (15)

G6)=HQ) - Y ’Qg N rqu6) (16)
se{l,r}

where H(Q) is Shannon entropy, calculated on the human label I,.(z) normalized his-
togram.

If the maximum gain G(¢*) is still large (large enough) and the depth of the tree has
not reached its maximum, the recursion continues in the left and right subsets @Q;(¢*) and
Qu(6")

Human joint point recognition is where a single input depth image is segmented into
dense probabilistic body component labels, with components defined as body parts that
are spatially similar to the skeletal joint of interest. The inferred components are repro-
jected into world space, localising the spatial pattern of each component distribution to
form a prediction with plausible weights for the 3D position of each skeletal joint. Pixel-
by-pixel information can be inferred using body component recognition. This information
for all pixels is aggregated to form reliable predictions of 3D skeletal joint positions. These
predictions are the final output of the algorithm and can be self-initialised and recovered
from failure in the tracking algorithm.

It is possible to estimate the global 3D centre using a per-component cumulative prob-
ability (distribution). However, irrelevant pixels can severely degrade the quality of such
a global estimate. Therefore, a weighted mean shift-based approach is used in this paper.
The density estimates of the body components are defined as follows:

) o Zwic exp <— ) (17)

A

.f%—ili'l'

be
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where Z is the coordinates in the 3D world space, N is the number of image pixels, w;.
is the pixel weights, z; is the reprojection of the image pixel x; into the world space for a
given depth d;(x;), and b, is the width of each of the trained component’s width.

The pixel weights w;. take into account both the probability reasoned over the pixel
(which body component it belongs to) and the surface area of the pixel in world space.

wie = P(c|I, x;) - dy(z;)? (18)

This improves the accuracy of joint forecasts significantly and guarantees that the

density estimates are depth invariant. Pre-accumulating across a limited number of com-

ponents can provide a posteriori probability P(c|I,z), depending on how the body com-
ponents are defined.

4. Neural network-based dance movement recognition.

4.1. Single hidden layer feedforward neural network. The components of SLFN,
one of the most basic neural network designs, are an input layer, a hidden layer, and
an output layer. Every layer is made up of many neurons connected exclusively for-
wardly—there are no feedback connections among the neurons. Accordingly, the neurons
in the input layer and the hidden layer are only linked to the corresponding neurons in the
output layer and the hidden layer, respectively. Due to their high capacity for learning,
SLEFNs are extensively employed in a variety of sectors.

Suppose a SLEN has a total of N sample data. For each sample, x = [z1, 2, ..., T,
is the input vector, b is the threshold of the hidden layer node, and g(z) is the hidden
layer excitation function; b, is the threshold of the node in the output layer, and f(x) is
the the output layer excitation function. Each sample output is shown as follow:

]T

y=[(g(wirx+b)Bi +b,) =g (wzx+b)B; + b, (19)
= [g(w1z + by)g(wex + ba) . .. g(wiz + b)) B; + b,
For the usual SLFN learning algorithm, the weights w, the weights 3, the activation

threshold b of the implicit layer, and the activation threshold b, of the output layer, all
need to be optimised by continuous iteration.

4.2. H-ELM-based dance movement recognition. Although SLFN has good learn-
ing ability, it cannot achieve complex dance movement recognition, which is because the
human joint depth feature maps extracted by Kinect above are non-linear data. There-
fore, deeper or more complex neural network structures are often required in practical
applications. In contrast, ELM can be regarded as a special case of a single hidden-layer
feedforward neural network, which uses randomly initialised hidden-layer weights and
where the weights of the output layer are obtained by solving a linear equation during
training.

ELMs are widely used in practical applications for tasks such as regression, classification
and feature learning. However, since the training samples in classical ELM are always the
original dataset, which makes the robustness and generalisation performance of 3D dance
movements limited, H-ELM is introduced in this work.

The H-ELM algorithm is divided into two main stages: unsupervised hierarchical fea-
ture extraction and supervised classification. The first stage extracts the multilevel sparse
matrix of the input data, and the latter stage makes the final decision based on the original
ELM-based regression. In the first stage, the unsupervised multilayer feature encoding
employs ELM sparse auto-coding. Auto-coding is applied as some kind of feature ex-
tractor in the multilayer learning framework so that the coded output approximates the
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original input and minimises the reconstruction error. Mathematically, the input data =
in autocoding can be represented at a higher level by a deterministic mapping.

y = ho) = g(A-x +),0 = {A,5} (20)

where ¢(-) denotes the activation function, A is the implied layer weights d’ x d, and b
denotes the bias.

The purpose of autocoding is to make the reconstructed output data approximate the
original input data. The input weights for ELM sparse autocoding are randomly gener-
ated, and the randomly generated input weights are able to satisfy any approximation of
the input data during training. Once the autocoding is initialised, no further updates and
adjustments are required throughout the training process. Unsupervised feature learning
in H-ELM should be preceded by transforming the input raw data into the random feature
space of the ELM, which allows the use of implicit information in the training samples.

After N layers of unsupervised learning finally high-level sparse features are obtained.
The output of each hidden layer can be expressed as follow:

H;=g(Hi1-p) (21)
where H; is the output of the i-th layer, H; i is the output of the ¢ — 1-th layer, and
g(+) is the activation function of the hidden layer.

H-ELM algorithm introduces the pruning mechanism of hidden layer neurons and the
adding mechanism of output layer neurons, which can automatically optimize the network
structure by adding specific data sets and improve the generalization ability and prediction
accuracy of the model. The implementation of H-ELM is shown in Algorithm 1.

Algorithm 1 H-ELM Implementation Process

Input: X: N x D input data, N is the number of samples, D is the feature dimension.
Y: N x C labels, C' is the number of categories.

Output: trained W, b, W

# Parameter initialisation.

# Network parameters.

L: number of implicit layers.

M: number of nodes per implicit layer.

S: ‘ReLlU’ activation function.

for:=1to L do
Wi] = Initialise weight matrix (M[é], M[i — 1]);
bli] = Initialise bias vector (M [i]);

: end for

: # Forward propagation.

. H[1] = S(W[1] - X + b[1]);

: for i =2 to L do

H[i]| = S(W{i] - H[i — 1] + bli]);

: end for

: # Output weights.

: Wous = find pseudo-inverse (H[L] — Y);

. # Loss function.

: L = mean square error (Y, Wy - H[L]).

: return

[ I e e e e el e e e e
N RO © W3O R W= O

The steps of H-ELM based dance movement recognition are as follows:
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(1) Use the human movement image sequences captured by Kinect sensor and extract
the depth map of human joint point features as input features. Set the dance movement
category labels, such as kicking, squatting, and waving.

(2) Construct an H-ELM network with three hidden layers. The number of nodes in
each layer is 1024, 512, and 128, respectively. the number of nodes in the input layer is
the dimension of the human body’s key points, and the number of nodes in the output
layer is the number of dance movement categories.

(3) Initialise the weight matrix from the input layer to each hidden layer and the
hidden layer bias vector. For the training data, forward propagation iteratively calculates
the output of each hidden layer. Finally, the matrix pseudo-inverse of the last hidden
layer is calculated from the output layer labels to obtain the output layer weight matrix.

(4) After obtaining the trained H-ELM network, the test set input is passed forward
to compute the predicted output. Finally, the classification performance on the test set
is evaluated.

5. Experimental results and analyses.

5.1. Dataset. In order to evaluate the proposed 3D dance movement recognition method
based on Kinect and H-ELM, we constructed a 3D movement dataset containing 10 dance
movement categories. The dance movement categories include basic movements such as
kicking, spinning and waving.

The dataset was acquired using a Microsoft Kinect v2 sensor, which contains both an
RGB camera and a depth camera. The tester faces the Kinect sensor and completes
a given action at 30 frames per second. We recorded both RGB video sequences and
depth video sequences. To remove the background interference, we only utilise the depth
information and extract the 3D coordinates of 18 major keypoints, i.e., heads, necks,
shoulders, elbows, wrists, hips, knees, and ankles, in each video frame in real-time based
on the OpenPose toolkit as input features.

Table 2. Model training parameters

Parametric Instructions
Acquisition equipment Microsoft Kinect v2
Modal RGB Video Depth Video
Deflection rate 1920x 1080
Frame rate 30 fps
Action category 10 (legs, spins, etc.)

Number of key points 18 (OpenPose detection)

The final dataset contains 100 video samples, 10 samples for each action category.
All video samples are segmented, and each video contains one complete action cycle.
This dataset will be used to train and test the proposed H-ELM-based 3D movement
recognition method. The main parameters of the constructed 3D dance movement dataset
are shown in Table 2.

The results of Kinect-based 3D dance movement recognition are shown in Figure 5. It
can be seen that after using Kinect to obtain the depth information of the dancer, the
proposed human joint feature extraction method based on random decision forest can
display the 3D skeleton joint position information of the dancer in real time.
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Human bones recognized by Kinect

Figure 5. Kinect-based 3D Skeleton Joint Position Information

5.2. Analysis of recognition results. The identified 3D skeleton joint position infor-
mation (feature depth map) was input into the H-ELM model for the 3D dance movement
recognition method. The aliasing rate and training time of the three models of BP neural
network, ELM and H-ELM were compared, as shown in Figure 6. It can be seen that in
terms of training time, the BP algorithm has the shortest training time and the longest
is the H-ELM algorithm. However, in terms of accuracy, the H-ELM algorithm has the
highest accuracy. This is because H-ELM sparse and multilayer classifies the original data
with high recognition accuracy, but it also increases the computational complexity, so it
is improving the accuracy at the expense of time.
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Figure 6. Performance comparison of the three recognition models
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6. Conclusions. In this work, a 3D dance movement recognition method based on
Kinect and H-ELM is proposed. A randomised decision forest based human joint feature
extraction method is proposed to address the problem that any single feature captured
using Kinect can only provide a weak signal about which component of the body the pixel
belongs to. A depth map of human joint features is extracted using the Kinect sensor as
input features, and an H-ELM network containing three hidden layers is constructed. The
number of nodes in the input layer is the dimension of the human body’s keypoints, and
the number of nodes in the output layer is the number of dance movement categories. The
results show that the proposed human joint feature extraction method based on random
decision forest can display the 3D skeleton joint position information of dancers in real
time. However, since H-ELM improves the accuracy at the expense of time, it is only
suitable for cases with fewer data samples and higher accuracy requirements. Subsequent
attempts will be made to solve this problem using On Line Sequential ELM.
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