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SUMMARY: With the development of society, it brings more invisible pressure on the
physiology and psychology of the elderly group, and dance recreation, as a new type of
psychological relief and detoxification, has gained the attention of people from all walks of
life. In this paper, Kinect sensor technology is utilized to collect and track the depth data
information of human skeleton joints and display it in three-dimensional space. A graph
convolutional neural network is introduced to extract the human skeletal sequence related to
action features, preprocess the skeleton information, and repair the data related to the
occluded skeletal points and action information. 3D CNNs dance movement recognition
algorithm is proposed on the basis of 2D convolutional neural network, which facilitates the
capture of movement information in multiple consecutive frames. The 3D convolutional
network and Kinect sensor are utilized to mine exploitable recreational dance materials and
embedded in the elderly care model to explore the effectiveness of dance recreation on the
health of the elderly through the combination of experimental and practical approaches.
Using the method of this paper, the completeness of the extraction of the dance movements is
above 95%, which shows that the dance recreation movements are less affected by the
complexity of the background when they are tracked. Through the dance recreation
intervention after the elderly in the back direction, d = -0.74, right front direction, d = -0.68
movement efficiency used to reduce the trend of time is greater. It shows a significant effect
effect on the physical health of the elderly, which further illustrates the role of providing new
evidence on the physical health of the elderly under the dance recreation intervention.

KEYWORDS: kinect sensor; human skeletal sequences; 3D CNNs; dance recreation; senior
living model

1 Introduction

The global population aged 60 and above has reached 600 million, and the trend of population
aging is accelerating. With the gradual advancement of the national strategy for actively
addressing population aging, public understanding of recreation and culture has continued to
deepen. People of different age groups have become increasingly aware of the importance of
health, and participation in recreational and cultural consumption has shown a clear trend
toward diversification [1-3]. The concept of recuperation represents a new lifestyle and value
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orientation. It emphasizes the harmonious relationship among human beings and nature,
individuals and society, while also highlighting the role and value of the individual in social
life. Against the backdrop of growing demands for physical and psychological well-being,
people are placing greater emphasis on quality of life and subjective well-being [4].

From the point of view of the age division of the population, most people in the stage of
60-75 years old are in a state of vitality in terms of their physical functions, and their demand
for old age in the traditional sense is not prominent, and most of them will not stay in old age
institutions. The physical condition of people over 75 years old is much worse than before,
and the demand for living services has increased significantly. Against the background of
aging population and growing demand for senior care services, the elderly have increased
their compound demand for health, socialization and spiritual culture, and have gradually
shifted from “survival-type senior care” to “quality-type senior care”, pursuing the
maintenance of bodily functions, psychological pleasure, and social participation, which is the
key to “quality senior care”. With the sense of social participation, the traditional old-age
service model of “home care as the basis, supplemented by community and old-age
institutions” exposes multiple problems [5-9]. First of all, home care is too risky for the
elderly living alone, and family caregivers are under great pressure [10]. Secondly, some of
the elderly institutions have tense beds and high prices, while some of them have low
occupancy rates due to inaccurate positioning, and the emergence of this structural
contradiction will make it difficult to support the home-based elderly care service [11, 12].
Finally, the allocation of community elderly care resources is unreasonable, and professionals
are missing [13].

Focusing on the actual feelings of the elderly, providing them with more intimate,
professional and personalized services, so as to meet the physical, psychological, social and
other aspects of the needs of the elderly, which is the current direction of the elderly industry
[14-16]. At present, the world encourages the integration of sports and medicine, effectively
combining art, sports and health care. Some first - and second-tier cities have already
incorporated dance health care into community elderly care services. In the homogenized
competition, dance health care can serve as a differentiated service to enhance the
competitiveness of institutions, with its light asset investment (no need for expensive
equipment) and high cost-effectiveness. It is suitable for promotion in inclusive elderly care
institutions [17-21]. Dance recreation combines the attributes of exercise, art and
socialization, covering physiological, psychological, social adaptation and other multi-level
needs, which can truly meet the demands of the elderly [22, 23].

Dance is not only a form of performance art, but also a medium through which individuals
can explore and restore themselves. For this reason, dance possesses multiple therapeutic
functions. In terms of physical health among older adults, one study [24] designed a
simplified dance program together with a 12-week intervention for obese elderly women and
found that a 2-week intervention reduced total cholesterol and LDL cholesterol while
increasing maximal oxygen uptake. A meta-analysis reported in [25] showed that square
dancing significantly reduced body weight, body fat percentage, cholesterol, and triglycerides,
while improving cardiopulmonary function in healthy middle-aged and older women,
demonstrating that this low-cost and highly accessible dance intervention exerts positive
influences on body composition and cardiovascular health in older women. Another study [26]
found that dance-based intervention training significantly improved overall cognition in older
adults, effectively enhancing cognitive functioning and potentially slowing memory decline,
thereby lowering the risk of dementia. Research in [27] reviewed the effects of dance therapy
on physical function, cognitive performance, functional ability, psychological state, and
quality of life among patients with Alzheimer’s disease, and further showed that it can
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improve the reduced quality of life of caregivers of such patients. Study [28] reported that
folk dance training effectively enhanced physical function and blood pressure levels,
improved insulin resistance indicators, reduced C-terminal Agrin fragments, and strengthened
insulin sensitivity in older adults. Experimental findings in [29] showed that Chinese classical
dance significantly improved upper-limb strength, cardiorespiratory endurance, and agility in
older adults, whereas ballet dance produced a distinctive positive effect on upper-limb
strength. Literature [30] further investigated the effects of aerobic dance training on
postmenopausal women and found that a 24-week intervention increased bone mineral
density and lowered the risk of falls, thereby reducing fracture risk in menopausal women.
Literature [31] conducted a creative dance program and a stretching exercise class with
community-dwelling older adults; both helped to improve physical fitness and balance, but
creative dance performed better in dynamic balance and mobility. Literature [32] examined a
12-week online program for older adults at home that required older adults to complete 20
minutes of light aerobic dance training on weekday mornings, which improved walking speed,
and which promoted functional independence and healthy aging.

In the field of mental health among older adults, literature [33], using Pearson correlation
analysis, found that square dance exercise improves quality of life by alleviating negative
mood and promoting positive adaptation to aging. The study also showed that the relationship
between negative mood and adaptation to aging may be mediated either separately or jointly.
Literature [34] conducted a meta-analysis of dance interventions aimed at improving mental
health in patients with mild cognitive impairment and dementia, showing that such
interventions were helpful in reducing depressive and anxiety symptoms in both groups, with
a more pronounced reduction among patients with dementia. Literature [35] explained the
intervention mechanism of dance movement therapy for older adults with dementia by
establishing a mindful connection with them, encouraging acknowledgment of emotional
sadness and loss, and ultimately fostering growth and empowerment from both physical and
mental perspectives. Literature [36] found that square dancing increased opportunities for
social interaction and strengthened the sense of group belonging among middle-aged and
empty-nester women, and that this sense of belonging mediated the positive relationship
between family cohesion and subjective well-being. The integrative benefits achieved through
dance are difficult to obtain through other means of elderly care because dance allows the
elderly body to move, emotions to come alive, social interaction to warm up, and culture to be
passed on. Its uniqueness lies not only in scientific validity, but also in its contribution to
transforming modern elderly health interventions into a warmer lifestyle, which is a key
breakthrough direction for present-day elderly care services [37-40].

Currently, there are few studies on the embedding of dance interventions into the elderly
care model, but there are studies that provide references for this model. Literature [41]
developed an integrated dance exercise model for older adults, incorporating strategic
planning, an indoor and outdoor dance training system, physical condition monitoring,
physical fitness assessment, stress management by nurses, vision leadership training, and
movement strategy adaptation. Literature [42] utilized artificial intelligence-based physical
games and contextual robots to assist in dance rehabilitation therapy for Parkinson's patients,
innovating a rehabilitation program for active and healthy aging, where patients followed
robot-demonstrated movements for immersive experience and exercise, improving motor
function, balance, and overall quality of life. Literature [43] proposed a preventive care model
based on caring dance for addressing social inclusion and healthy lifestyles of older women,
in which the design and implementation of distributed work centers facilitated community
participation of the older female population in this model. Literature [44] investigated that
community dance specialists can design individualized programs for older adults to have
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authentic experiences and strengthen social connections, but that elitism, ableism, and gender
bias limit dance inclusion, and that cross-sectoral collaboration is an effective way to promote
the sustainability of community dance programs. Literature [45] evaluated the
cost-effectiveness of the Dance for Health program on the health of older adults, with the
dance-based intervention reducing the number of falls by 58%, and the program is expected to
reduce health care costs in the United Kingdom by more than £196 million over two years.
Therefore, exploring low-cost and safe dance interventions embedded in ageing models is
important for improving the physical health and quality of ageing of older people, as well as
promoting innovation.

In this study, Kinect sensors are used to obtain depth data from the target subjects, track
skeletal movements, and construct a human skeletal model with a depth image generation tool.
By integrating depth information and representing the human skeletal framework in
three-dimensional space, a model based on graph convolutional neural networks and 3D
convolutional neural networks is established. The collected skeletal information is
preprocessed to form a dance movement dataset, and the 3D convolutional neural network is
then employed to recognize dance movements, develop recreational dance materials, and
choreograph them into a dedicated square-dance rehabilitation course embedded in the
elderly-care model. Through simulation experiments, this paper analyzes the fitting error of
dance motion trajectories under mainstream algorithms and the proposed algorithm, evaluates
the tracking performance for dance movements, and examines the influence of dance
recreation on elderly health, physical fitness, balance ability, and related aspects.

2 Human movement recognition based on skeleton
information

2.1 Kinect-based human detection and tracking

2.1.1 Kinect Depth Information Acquisition Principles

The distance between the item and the camera is used to get information about the shape and
contour of things through depth pictures. Kinect sensors are chosen in the current study
primarily because they can record the depth information of older participants while tracking
their movements without requiring them to wear any motion sensors. The Kinect sensors can
also identify sound, bodily movement, and gestures.

The Kinect sensor uses a stereo triangulation method to calculate the depth of objects in
an image. This concept for using stereo analysis to determine depth points in a picture is
shown in Figure 1. In the geometry of a stereo camera with parallel optical axes, camera 1 and
camera 2 are placed at O, and O,, respectively.The focal length of the camera is denoted by

d and the baseline is denoted as B . The object point P has focal point 1 and focal point 2,
and the corresponding image points are (X,,Y,,Z;) and (X,.Y,,Z,).
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Figure 1: Kinect stereo triangulation algorithm

The object point P is located at the three-dimensional position (X ,Y,Z) in the world

coordinate system. The baseline B refers to the distance between the centers of the two
lenses. The XZ plane is the location where the optical plane is situated, with the X axis
aligned with the baseline and the Y axis perpendicular to the optical axis. Under the
simplified case in which the optical axes of the two cameras remain parallel, the depth Z
can be determined from the parallactic difference between the cameras. This method is
referred to as triangulation and can be written as Egs. (1), (2), and (3):

Bxd
Z:( %<2_X1) @)
X =X, %%/ @

Y =Y,xZ/ 3)

Owing to its distinctive hardware structure and specialized imaging algorithms, together
with a software development kit provided by Microsoft, the Kinect platform enables software
engineers to build advanced computer-based applications for tracking human activity in many
real-world settings.

2.1.2 Kinect Human Joint Points

The Kinect v2 sensor can gather data from 25 skeletal joint locations of an older individual,
and depth photographs may be used to create human skeletal information. The Kinect sensor
is capable of tracking and identifying human joint locations, reconstructing an old person's
skeletal structure, and displaying this skeletal structure in three dimensions together with
depth data.

2.2 3D Convolutional Neural Networks

There are various forms of storing data in the real world, for images, they are generally stored
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in the form of matrices whose values correspond to the pixel values of each point in the image,
while for many other data, it is more convenient to store them in the form of graphs, such as
social networks, knowledge graphs, and sequences of human skeletons used in this paper for
extracting action features.

2.2.1 Graph Convolutional Neural Network Fundamentals

Based on the knowledge in the previous section, given a graph G:(V,E), A is the

adjacency matrix of the graph. The Laplace matrix is a matrix that has been used to study the
structural properties of graphs and is defined as follows:

L'=D-A 4)

where D is a diagonal matrix, D, :ZJAJ.. The regularization of L' is followed by a

similar diagonalization decomposition as shown in equations (5) and (6):

1 1 1 1

L=D2L'D 2=1-D 2AD -2 ©)
L=UAU" (6)
The Fourier transform on the graph can be written in the following form:
x=U"x (7
The corresponding Fourier inverse transform is:
x =UX (8)
According to the convolution theorem:
fro=7H{F{f}-7{g} (©)
Then the convolution formula for the graph can be written as:
g*x=U(U"g-U"x) (10)

where ° represents the Hadamard product. Consider U'g as a function of Laplace
eigenvalues gg(A) with parameter €. Rewriting the graph convolution formula of Eq. (10)
gives:

g, *x=Ug,U"x=Ug, (A)UTx (11)

This convolution is more complex to compute, and by making an approximation to the
g, (A) function, the process of finding the eigenvectors as well as a large number of matrix

operations can be eliminated:
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K ~
9, (A)~ Y 4T (A) (12)
k=0
where T, isa Chebyshev polynomial. Because:
Ky (T T\ ok
UAku :(UAU ) = (13)

Sothe g, (A) function can be written as a function of L:

K ~
g, (A) = D 6T (L) (14)
k=0
Setting K =1, the convolution formula can be simplified as:

1 1
gg,*Xz9(|N+L)x=9(|N+D 2AD ZJX (15)
Let A=A+I1,, D, :Zin:

101
gg,*x:e(f) 2AD ij (16)

Together with the activation layer, the final graph convolutional network formula can be
obtained as:

1 1
oo i e .

2.2.2 Principles of 3D Convolutional Neural Networks

Three-dimensional (3D) convolution can be regarded as an extension of conventional
two-dimensional (2D) convolution. Compared with 2D convolution, 3D convolution is able to
extract not only spatial features but also temporal information. Figure 2 presents the
difference between 2D and 3D convolution. In the figure, parts (a) and (b) display schematic
diagrams of the features extracted by 2D convolution and 3D convolution, respectively. The
outputs generated by 2D convolution remain 2D feature maps, whereas those produced by 3D
convolution are 3D feature maps.
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Figure 2: The difference between 2D convolution and 3D convolution
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(1) Convolutional Layer

Similar to the 2D convolutional layer, the 3D convolutional layer is likewise made up of
multiple convolution kernels, and different kernels are used to extract different kinds of
features. As presented in Equation (18), it is expressed as the value of the cell located at

coordinates (x, y,z) in the | feature map of the i layer, and each parameter will be
explained in detail in Chapter V.

xyz — f(b +Z Z z zn -1 .IJTn ((Ix+ll))r(y+m)(z+n)) (18)

(2) Pooling layer

The pooling procedure for 2D photos differs somewhat from that for 3D data. In addition
to geographical characteristics, temporal features are also combined. The feature dimensions
inherited from the previous layer can be decreased after pooling, which speeds up model
calculation and increases iterative training efficiency. Equation (19) provides the max-pooling
operation:

Vx,y,z = . max (/uxxs+i,y><t+j,z><r+k) (19)

0<i<s;,0<j<s,,0<k<s,

3 Dance movement acquisition and data set construction
based on skeleton information

3.1 Dance movement dataset construction

3.1.1 Skeleton information data preprocessing

The motion extraction is based on the 3D coordinate information of 25 skeletal joints of the
elderly captured by Kinect v2. However, during the trainer's practice, the clothing and
movements may obscure the finger bone points, resulting in inaccurate data capture.
Considering that the influence of the finger bone points on the changes of movement
characteristics is very small, the skeletal data information of the fingers is no longer collected
in the process of bone point acquisition, and only the data information of the bone points that
play a key role in the movement is tracked and captured to improve the efficiency of motion
capture.

Differences in the body size of participants and the distance between the Kinect sensor
and the subject during practice may introduce errors into the acquired skeletal information
during motion capture. For this reason, the motion-capture data must be normalized to the
acquired skeletal data model before motion matching is carried out.

Using the 3D coordinate information of 20 key skeletal points collected by Kinect, the
position of each skeletal point in a given frame can be written as:

Po = (X0 Y0 Zy o X0, Yoo, Zg) (20)

Because the distance between the left and right shoulders changes only slightly during
Kinect-based acquisition of dance movements, the midpoint between them can be taken as a
reference point. Accordingly, the coordinates of the reference point A can be obtained from
the following equation:
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1
A(Xa,Ya,Za):E(XlJrXZ,Y1+Y2,Zl+ZZ) (21)

The reference point is first determined, after which the three-dimensional coordinates of
the 20 retained joint points of the human body are normalized.

. P-A
p=m (22)

where A denotes the three-dimensional coordinates of the reference bone point, P denotes
the coordinates of a bone point before normalization, and P’ denotes the coordinates of that
bone point after normalization. L and R represent the coordinate positions of the left
shoulder and right shoulder, respectively. The separation between the two shoulder points is
the denominator. The initial coordinate system is transformed into one where the reference
origin is the midway of the shoulders following normalization. This procedure lessens the
experimental error brought on by variations in the trainer's body size.

3.1.2 Masking Bone Points and Motion Information Repair

The restoration of occluded skeletal points includes both middle skeletal points B (for
example, the elbow and knee) and the end skeletal points C for example, the wrist and ankle).
As shown in Figure 3, Q, represents a sphere centered at A with radius L,;, while Q.

represents a sphere centered at C with radius L. . When the intermediate skeletal point B is
regarded as unreliable, its feasible position range should lie on circle S; which is formed by

the intersection of sphere Q, and sphere Q.. Therefore, for any point (x,y,z) on tcircle
Sg, the following condition holds::

N T
ACARY g

-
4

Figure 3: The location range of key point B

LAB = \/(X_ Xa)2 +(y_ ya)2 + (Z - Za)2 :

(23)
Loe = (X=X + (Y- Y,)? +(2-2,)’

The velocity of the bone point motion does not change dramatically in a short period of
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time. When the action runs to the K frame, Pb,K(Xb,K’yb,K’Zb,K) is the positional

coordinates of the B point, and letting the interval between the two frames be t, then the
average velocity of the B point at K—1 frames Vg, , = (Ve x4 Veyx1 Ve k) Can be

obtained by the computation of the motion information in equation (24):

Xb, = _Xb, —i

VBx,K—l — %

VBy,K—l _ yb,Kliityb,Ki (24)
z A ]

\/BZ,K?l _ b,K—li - b, K—i

This gives the average velocity of motion of the skeletal point B before the K frame
Ve = (VBX,K 'VBy,K Ver x ) :

VBx,K _ Xb,K ;:b,Ki
— y r

Vg, ¢ = Yok i.tb,K i (25)
Z . —17 ;
VBZ’K — b,K i.tb’K7I

The average velocities of the skeletal point B atthe K frame, K—-1 frame are equal,
according to the above equation:

(Xb,K - Xb,K—l)z +(yb,K ~ Yok )2 +(Zb,K - Zb,K—l)Z

2 2 2 (26)
:VBX,K—l +VBy,K—1 +VBZ,K—1

The coordinates R, =(xbyK,yb,K,zva) of the skeletal point B at frame K are at the

intersection of the ball Q, and the circle S; as shown in Equation (27), where the ball
Q. iscenteredat O and has aradius of R:

LZAB = (Xb,K —Xak )2 +(yb,K ~Yak )2 +(Zb,K —Zyk )2

Lo = (Xb,K — Xk )2 +(yb,K —Yex )2 +(Zb,K —Zek )2

(27)
(Xb,K - Xb,K—l)z +(yb,K - yb,K—l)z +(Zb,K - Zb,K—l)Z
:VBZX,Kfl +V82y,K—l +VBZZ,K—1

The solution process of Eq. (27) occurs when two solutions exist, and the continuity of the
old man's skeletal points during motion is used to exclude redundant solutions. As shown in
Fig. 4, the trajectory should be a smooth curve when connecting the positions of skeletal
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points in neighboring frames.

Figure 4: Locus of bone points

Let the two intersection positions of point B at frame K be R, R ,. Let the angle

between L, and L, be «, L, and L, be g. By comparing « and g, the point

corresponding to the smaller angle is selected. This point may be regarded as the true location
of bone point B , and the incorrect bone point can therefore be repaired.
Let S,, S,, S, bethe direction vectors of the lines L, L,, L;,i.e.:

Sy :(il’ jl’kl):(xb k—l_Xb,k—Z)Z +(yb,k—1_yb,k 2) +(Zbk 1" ke 2)2
Sz 2’ Jz’ (Xb,kl_xb,k—l)z +(yb,kl_ Yok 1) +(Zb k1~ Lok 1) (28)
S; = 3' Ja ks (Xb k2 _Xb,k—l)z +(yb,k2 ~ Yok 1) (Zb k2 " Lok 1)

The formula for «, £ can be obtained:

Lol + §e 0, KK,
\/I +11+k2 \/i2+j22+k22
Ll + J,- 3 +K, K,
\/I + ik \/I +j2+k

cosa =¢0s(S,,S,) =

(29)

cos B=c0s(S,,S;) =

When cosa >cos g, ie, a>p, then R, is chosen and R, is discarded. When
cosa<cosp, ie, a<p, then R, is chosen and R, , is discarded, and when
cosa=cosf,ie., a=p, theneither R, or R, eitherone.

Because only one side of the terminal bone point is constrained by joint length, the
method described above cannot be directly applied during terminal-point repair. The terminal
skeletal point can instead be restored by calculating the length of L,. and predicting the

velocity of skeletal point C. Based on the motion information of point C across the
previous i frames, the average velocity of this skeletal point in each direction can be
obtained. Over a short time interval, skeletal point C may be regarded as moving
approximately uniformly. Assuming that V., <V, <V,and selecting the smaller velocity

component, the following result is obtained:
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Xc,K _Xc,K—i =X X

¢, K-1

Yek ™ Yoo = Yek1 ™ Yek-ia (30)
LZBC = (Xb,k—z —Xok-2 )2 + ( Yok-2 = Yek—2 )2 + (Zb,k—z Lok )2

c,K—i-1

Figure 5 shows the trajectories of the skeletal points B and C. It can be obtained from the
figure:

_ _ i1'i2+j1'j2+k1'k2
080y 713 =C0(S,5,) = \/iz +j2+kl -\/i2 +j5 +K
1 1 1 2 2 2

(31)

Figure 5: The movement of the bone point B and C

Where S, and S, are the direction vectors of the line connecting the skeletal points B,
C at K-1, K—-2 frames, respectively:
.. 2
S, = ('1’ Js kl) = (Xb,k—l - Xc,k—l)
2 2
+(yb,k—1 - yc,k—l) + (Zb,k—l - Zc,k—l)
. . 2
Sz = ('2’ IPy kz ) = (Xb,k—Z - Xc,k—z)

+( Yok—2 = Yekoz )2 + (Zb,k—z - Zc,k—z)

(32)

2

According to the above method, the average angular velocity & of skeletal point C
over the first i frames can be determined. The repair result is then checked by assigning a
threshold interval (0—o,0+0). If the repaired skeletal point C falls within this threshold

range, it is regarded as credible; otherwise, it is considered not credible. When the result is not
credible, the last two angular-velocity components are used to repair skeletal point C. If
none of them satisfies the threshold requirement, the closest result is chosen from among
them.

3.2 3D CNNs based dance movement recognition method

Features are taken from both spatial and temporal dimensions to record motion information
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across several consecutive frames. The value of the cell located at coordinate (x,y,z) in the
j th feature map of the ith layer is shown in (33) in Eq:

l-1m—1n—
xyz [b + Z Z Z Z a)llmnv((Ilel))r(y+m)(z+n)] (33)

r 1=0 m=0 n=0

where the 3D convolutional kernel has a time dimension of n, and the position (I,m,n)
with the rth feature map is connected to the convolutional kernel with a weight value of

Imn
a)ijr .
The most widely utilized activation function in deep learning neural networks is the ReLU
function. The function helps in making the model parameter sparse, which avoids overfitting.
Furthermore, the ReLU activation function decreases computational costs. Mathematically,

the ReLU activation function is given by equation (34).

f(x):max(o,x)z{)o(: Eiig; (34)

The computation of max pooling in the model is shown in Eq. (35):

Vx,y,z = maX (/ux><5+i,y><t+j,z><r+k) (35)

0<i<s;,0< j<s,,0<k<ss

where g denotes the three-dimensional input vector and V denotes the output after
pooling. The symbol s,t,r represents the sampling step in each direction. In the final layer

of a classifier, an input vector in n-dimensional space is transformed into a probability
distribution using the Softmax function, where the probability of the correct class converges
towards 1 while the probabilities of other classes converge towards 0, and the total of all
probabilities equals 1.

4  Construction of the Dance Recreation Teaching Program

The recreational function of square dance is mainly through the form of square dance to
regulate emotions, relieve pressure, dance with the music rhythm, the combination of music
and dance can make people feel physically and mentally pleasurable and play the function of
health, but also to improve physical fitness and other aspects of play a role. Dance as a unique
local culture, should build a square dance program with characteristics, the construction
process, the need for professional teachers to explore the dance material and refine the
creation of the difficulty of the course needs to be suitable for the public. The melody of
music can affect the human brain and heart, so the choice of music is very important, and it
should be choreographed with characteristic local music combined with dance movements.
We collect and consult related books, papers, materials and information to get some
information about the development of dance, style characteristics, forms, life customs, etc.,
and organize and process them, and based on 3D convolutional network and Kinect, we dig
out the recreational dance materials that can be developed, and draw on, improve and
integrate them, and then choreograph them into the characteristic square dance recreational
course.
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4.1 Dance Recreation Program Design

According to check the network about square dance tutorials found that the current square
dance, most of which is based on traditional dance movements, the mode is solidified.
However, with the improvement of people's living standards, people's requirements for
cultural and recreational activities are getting higher and higher. Therefore, in the
development of dance recreation course should focus on the combination of innovation and
fun, but also need to take into account the existence of different groups of people with
differentiated needs and psychological demands and other issues for targeted dance recreation
content adjustments, so that it is more adapted to the needs of the general public, thus
promoting the realization of sustainable and healthy development of square dance. The
following principles should be followed in the development of the program:

(1) The design of dance recreation should fully understand the cultural background.

(2) Refine the dance movements and rhythms with artistic value for integration, refine the
most characteristic elements of the dance features, and the dance movements should be
arranged with a sense of rhythm and harmonized with the music.

(3) The selection of materials and choreography should be in line with the characteristics
of square dance, and the degree of difficulty of the dance should be suitable for the public.
The research of square dance should focus on three aspects: health, entertainment and
practicality.

4.2  Compilation of curriculum materials

The content of square dance recreation courses should be in line with the artistic
characteristics of square dance, and in the setting of professional courses, in addition to
following the principles of science and professionalism, it should be reasonably set up
according to the characteristics of the student population and the degree of professionalism.
Due to the development of tourism, not many local people dance square dance, and the degree
of understanding is not high, in addition, square dance exercise time is more fixed and the
participants are mostly elderly, so the content of the teaching materials need to take into
account the needs of the public, the content of the teaching materials need to be combined
with the characteristics of the dance style, but the dance difficulty should not be too large. The
compilation of teaching materials should follow the rules, standardization, systematic
teaching concepts, compilation and construction of square dance recreation courses. In the
process of compilation of teaching materials, in addition to refining the most characteristic
dance elements for choreography, it is also necessary to take into account the differences in
the dance styles of different regions.

5 Analysis of the embeddedness of Dance Recreation in the
elderly care model

5.1 Analysis of experimental data

5.1.1 Fitting Errors of the 3 Methods on Dance Movement Trajectories

In general, when fitting each corresponding dance recreation movement in an image, a fitting
deviation within 5 pixels indicates that the trajectory of the relevant dance movement of the
elderly subject in the image has been effectively fitted, meaning that the movement trajectory
can be fully derived. If the error exceeds 5, this suggests that frame dropping or lagging has
occurred during the fitting of the elderly subject’s dance trajectory in the image. In that case,

14



INGEGNERIA SISMICA — INTERNATIONAL JOURNAL OF EARTHQUAKE ENGINEERING

the dance trajectory in the image has not been completely fitted and should be extracted again.
To evaluate the completeness of the 3D CNN-based dance movement recognition method in
fitting the dance trajectory of the elderly subject, the degree-of-freedom vector method and
the tracking differentiation method are adopted as comparative experimental approaches.
These methods are used to assess the overall fitting performance for dance movement
trajectories of the elderly subject, and the specific experimental results are presented in Fig. 6.

The fitting deviations produced by the three methods are all controlled within 5 pixels,
indicating that the dance movement trajectories of the elderly subject are effectively fitted.
However, the fitting errors of the degree-of-freedom vector method and the tracking
differentiation method at different frame numbers are larger than those produced by the
proposed method. Among them, the maximum peak deviation of the degree-of-freedom
vector method can reach 4.15, and that of the tracking differentiation method can reach about
4.34. By contrast, the maximum deviation peak value of the method proposed in this paper is
below 3. These results suggest that the lower accuracy of the degree-of-freedom vector
method and the tracking differentiation method may arise from multiple factors, causing their
fitting accuracy for the dance trajectories of elderly subjects to be inferior to that of the
present method. Therefore, the method proposed in this paper can effectively fit the image
trajectories of the elderly subjects’ basic dance recreation movements.

o)

I Tracking difference device
1B Degree of freedom vector

This method

] | Expected trajectory

Fitting deviation/pixel

0 N L A ) T T
20 40 60 80 100 120 140 160 180

Frame number

Figure 6: The fitting errors of dance trajectories by three methods

5.1.2 Dance movement tracking effects

This experiment takes the tracking situation of dance recreation movements as the test object
and examines how background complexity in the image affects the tracking accuracy of the
proposed method. Three background conditions are considered: no clutter in the background,
one clutter source present, and more than one clutter source present. Under these three cases,
the tracking performance of the proposed method on various dance recreation movements is
tested, and the detailed results are shown in Fig. 7.

The completeness of extracting the 7-point correlated motion of the arm-spreading
movement differs when the proposed method is applied under three different background
conditions. When no clutter is present in the background, the average extraction completeness
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of each point in the arm-spreading dance movement reaches 99.613%. When one clutter
source appears in the background, the average completeness of each point is 98.883%. When
more than one clutter source exists in the background, the average completeness of each point
IS 97.318%. Under the last condition, none of the above seven tracked sites reaches 100%
extraction completeness, whereas three sites achieve 100% extraction completeness when
there is no clutter in the background, and the same is true when there is only one clutter
source. These findings indicate that, during the tracking of dance recreation movements,
background complexity influences the completeness of target-motion extraction by the
proposed method to some degree, which in turn affects tracking performance. Even so, the
extraction completeness of the movements remains above 95% in all cases, showing that the
proposed method is only mildly affected by the complexity of the background when tracking
dance recreation movements.

NO One Multiple

Foot

Enee

Waist

l
i

Elbow

] Shoulder

Head

Tracking point

I I I
95 100 93 100 95 100 103

Dance action extraction completeness/%

Figure 7: Tracking of dance movements in different backgrounds

5.2 Motion Recognition Results

Figure 8 shows the recognition rate of the training set and test set, for the experiment to obtain
the training set and validation set recognition accuracy function graph, the figure in the model
training iteration 45 times later, the training set recognition rate reached 99.642%, and then
the curve to maintain the basic stability, to achieve the best recognition effect of the model.
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Training recognition accuracy
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Figure 8: Accuracy of training set and test set

5.3 Effectiveness of Dance Recreation on Physical Health of Elderly
People

5.3.1 Differences in the Impact of Dance Recreation on Health Fitness in Older Adults

Demographic details of the respondents are shown in Table 1 below. The baseline data on the
demographic variables of the participants was analyzed, but there was no significant
difference between those in the dance and the somatic groups (p>0.05). Both the groups had
20 participants each. With regard to age, no significant between-group difference was
observed. The mean ages of the dance group and the somatosensory group were 65.15 and
65.54 years, respectively, and the overall mean age was 65.42 years. Therefore, the two
groups were considered comparable and suitable for use as control groups in the experimental
analysis.
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Table 1: Basic information of the subjects

Do | P |
Number of people 20 20 40
Age seven 65.154.3 65.5445 65.4244.3
Female _ 15/ 46.88% | 17 | 53.13% |32]80.00%
Primary school 2150.00% | 2 50.00% | 4 |10.00%
Junior high school |7]87.50% | 1 12.50% | 8 | 20.00%
Educational background High school 6|5455% | 5 45.45% |11]27.50%
Junior college 4150.00% | 4 50.00% | 8 | 20.00%
Undergraduate 3[133.33% | 6 66.67% | 9 |22.50%
Smoking 1(100.00%,| - - 1| 2.50%
Drinking alcohol 1/20.00% | 4 80.00% |5 ]12.50%
majors 1]125.00% | 3 75.00% |4 [10.00%
industry 213333% | 4 66.67% | 6 |15.00%
L administration 1]150.00% | 1 50.00% |2 | 5.00%
Engaged in industry agriculiure |5 50.00% | 5 | 50.00% |10 25.00%
general 10/ 90.91% | 1 9.09% [11]27.50%
other 2|2857% | 5 7143% |7 [17.50%
" good 2122.22% | 7 77.78% |9 |22.50%
Health condition better 18/58.06% | 13 | 41.94% |31 77.50%
knee 1]120.00% | 4 80.00% |5 |12.50%
job 5/50.00% | 5 50.00% 10| 25.00%
Sports injury diversity 3/75.00% | 1 25.00% |4 [10.00%
other 2150.00% | 2 50.00% |4 [10.00%
nothing 8147.06% | 9 52.94% |17]42.50%
triad 516250% | 3 37.50% | 8 |20.00%
S diversity 4144.44% | 5 55.56% | 9 |22.50%
Chronic diseases other 3[33.33% | 6 | 66.67% |9 22.50%
nothing 10{ 71.43% | 4 28.57% 14| 35.00%
myopia 4144.44% | 5 55.56% | 9 |22.50%
e Old flower 1[33.33% | 2 66.67% | 3| 7.50%
Pmb'emsh‘é"a'}?n‘g"s'on and diversity 3[75.00% | 1 | 25.00% |4 10.00%
other 10/ 50.00% | 10 | 50.00% [20]50.00%
nothing 3[75.00% | 1 25.00% | 4 ]10.00%

Table 2 presents the between-group differences in the health-fitness outcomes associated
with different exercise modalities for older adults. The comparison indicates that, after the
intervention, older adults in the dance group showed significantly greater lung volume, with a
large effect size (p<0.05, d=0.855), and significantly lower diastolic blood pressure (P<0.01,
d=—0.263) than those in the somatosensory group. Relative to the dance group, the older
adults in the somatic group did not display significant differences in grip strength, standing on
one foot with eyes closed, or reaction time, although these indicators showed small to
moderate effect sizes. The tendency toward improvement was more obvious for standing on
one foot with eyes closed (d=—0.633) and reaction time (d=0.423). No statistically significant
between-group differences were found for the remaining indicators, and all corresponding
effect sizes were below 0.20.
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Table 2: Different ways of exercise can affect the health of the elderly

Dance Grou Bodv sensing arou Comparison of baseline values
Parameter P y g group with post-measured values

Baseline Post-measured| Baseline |Post-measured Effect

F P D

Group value Group value grade
Waistline 89.148.1 87.848.9 85.247.1 83.448.8 0.245 | 0.633 | -0.034| -
:?elgg':ﬁ 28.548 27.349 24.643.3 251434 | 0.748 | 0.348 | -0.345| S
Stand up 5.144.2 8.149.5 4542.3 12.3+10.2 | 3.963 | 0.053 |-0.633| M
Preflexion 5.8+1.2 6.2+11.3 10.447.8 10.847.5 0.042 | 0.826 | 0.075 -
Re{ﬂ"“ 0.540.2 0.7440.2 0.740.2 06402 | 0.000 | 0.966 | 0.423 | S
Body fatrate| 24.638.8 26.347.3 28.6145.4 30.24#4.5 0.348 | 0.545 | 0.002 -
Sr}:asst;:lrg 124.2+16.2 128.2+17.3 124.6+18.6 128.9+18.3 | 1.559 | 0.241 | -0.126 -
Diastolic | 751,53 | 756263% | 723495 80.2465 | 9.945 | 0.002 |-0263| S

pressure

C;’L:é?ty 2546.44786.6 |2761.24990.4* | 2415.64532.4 | 2348.64759.6 | 5.536 | 0.025 | 0.855 | L

Note: *P<0.05, **P<0.01. The effect size levels S, M, and L are respectively represented as low, medium,
and high effect sizes. The same below.

5.3.2 Differences in balance among older adults by exercise modality

Table 3 below shows how various exercise modalities affect senior citizens' stability. When
comparing the effects of various exercise styles on the stability of the elderly, it was seen that,
in terms of the body's static stability, the effect in both groups was not statistically different
for the change in static stability with p>0.05, but it did have some influence. Compared with
the somatosensory group, the total area of static closed-eye swing, d = -0.41, and the area
before and after swing, d = -0.52 of the older adults in the dance group after the intervention
had a tendency to decrease and had a certain effect size. In terms of dynamic stabilizing limit
ability, compared with the older adults in the dance group, the older adults in the
somatosensory group after the intervention showed an increase in the average angle of
movement, d = -0.44, the anterior angle, d = -0.42, the left anterior angle, d = -0.35, the left
posterior angle, d = -0.24, and the right posterior angle, d = -0.52, with some effect size. The
remaining indicators were not significant and d < 0. 20.

Table 3: Effects of different exercise modes on balance ability in the elderly

Comparison of baseline values

Text Darameter Dance Group Body sensing group with post-measured values
Baseline |Post-measured| Baseline [Post-measured = p D Effect
Group value Group value

grade
S

Envelope area [273.1+142.3| 204.9+114.3 |214.6495.6] 223.4488.3 |0.422] 0.526 | -0.41

Envelope area
Static | Before and after| 82-6430-3 68.6325.4 | 74.6+18.6 | 75.5320.6 |1.096| 0.342 | -0.52 M

Envelope area
Left and right 20.848.3 21.6+11.6 20.649.1 184475 |0.536|0.482 | 0.82

Mean Angle 6.240.8 6.140.8 5.64).8 6.440.8 0.548| 0.446 | -0.44 S
Front Angle 7.3H.2 7.230.4 6.44.3 7.340.8 2./66| 0.101 | -0.42 S
Rear Angle 4.24.9 3.8H.2 3.44.8 3.44.3 0.002] 0.963 | -0.13 -
Left Angle 6.440.8 6.54).8 6.440.6 6.4+.2 0.748| 0.344 | -0.08 -
Dynamic| _Right Angle 7.5+1.3 6.440.8 6.44.6 6.5+.3 0.006| 0.936 | -0.02 -
Port Angle 7.6H.5 7.840.7 7442 8.440.5 3.418| 0.074 | -0.35 S
Right Angle 7.8+1.3 7.430.8 7.64.5 8.2+1.3 2.348] 0.134 | -0.18 -
Port Angle 5.14.8 4.5+1.0 4.840.9 4.84.4 0.415)| 0.525 | -0.24 S
Right Angle 5.24.7 4.8+.2 4.44.3 4.74).5 0.045]0.945 | -0.52 S
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Table 4 shows how different exercise methods affect elderly people's motor control. There
was some degree of influence even though there was no statistically significant difference
between the two groups (P > 0.05). The dancing group had a more noticeable effect on time
reduction in terms of movement efficiency in both right forward motion (d = —0.68) and
backward motion (d = —0.74) when compared to the somatosensory group.

These findings provide new empirical evidence regarding the influence of dance
recreation interventions on the physical health of older adults, and they also offer practical
recommendations for improving older adults’ health under conditions of population aging
through dance recreation.

Table 4: Effects of different exercise modes on motor control ability in the elderly

Comparison of baseline values

Direction Dance Group Body sensing group with post-measured values
Parameters Baseline | Post-measured | Baseline | Post-measured = P D Effect
] Group value Group value grade

/ TOta'tf%@?;et'O“ 56.447.2| 134.620.3 |56.248.4| 134.6+19.2 | 0.075 |0.748| 0.03 | -

T°ta'sif£irgie”0y 04403| 05204 0.540.4 0.540.2 0.123 |0.769|-0.34| S

Efficiency 0.440.2 0.540.2 0.440.3 0.740.3 1.064 10.215] 0.15 -

front Efficiency
completion time /s 4.941.2 5.543.2 6.444.8 5.843.7 0.415 |0.418| 0.22

Efficiency 0.540.1 0.440.2 0.540.1 0.440.3 0.526 [0.415]|-0.13 -

Rear Efficiency
completion time /s 8.247.8 4.8+2.6 49422 4.3+1.5 0.008 |0.966 | -0.74

M
Efficiency 0.640.1 0.440.2 0.54#0.4 0.64.4 0.014 [0.748|-0.35 S
L

left Efficiency
completion time /s 6.443.4 7.444.2 12.547.8 6.142.4 0.526 [0.418| 1.15

Efficiency 0.540.2 0.540.2 0.540.2 0.540.3 0.002 [0.934|-0.03 -

right Efficiency
completion time /s 7.2435 9.5#4.5 9.345.3 10.846.4 0.044 10.845| 0.24 S
Efficiency 0.440.2 0.430.2 0.620.2 0.440.2 0.063 [0.748]-0.18 -

Left Efficienc
front y 7.616.5 6.344.5 5.8434 4.640.3 1.048 |0.345|-0.18 -

completion time /s

. Efficiency 0.440.2 0.440.2 0.840.2 0.440.2 0.125 |0.744| 0.23 S
pul Efficiency 145198 48412 |43#2| 74455 | 2264 (0.145/-0.68] M
completion time /s| "7 o U T ) ) )

. Efficiency 0.440.2 0.440.2 0.240.2 0.440.2 0.248 [0.615]-0.45 S

Left post Efficiency
completion time /s 7.545.6 5.5+1.9 6.843.4 6.844.2 1.345 |0.248| -0.35 S
. Efficiency 0.3440.2 0.440.2 0.540.3 0.440.3 0.026 [0.859| 0.08 -S
Right Efficienc
post y 5.6+1.5 7944 .4 7.143.4 7.444.2 1.128 [0.248| 0.45

completion time /s

6 Conclusion

In this study, human joint points were detected and tracked on the basis of Kinect
depth-information acquisition principles, and a 3D convolutional neural network model was
established by improving the 2D convolutional algorithm in combination with graph
convolutional neural networks. Kinect was used to acquire the three-dimensional coordinate
information of 20 key skeletal points of the human body, capture the dance-action process,
and preprocess the skeletal data. To extract motion information across multiple consecutive
frames, a 3D convolutional neural network was employed to recognize dance movements and
to develop a dance-recreation teaching model embedded within the elderly-care framework.
The performance of the proposed model was evaluated through simulation experiments. After
45 training iterations, the recognition rate of the training set reached 99.642%, demonstrating
that the model achieved the intended basic recognition effect. When comparing the influence
of the dance recreation program and the somatosensory program on the physical health of
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older adults, the results showed that, after the intervention, the elderly participants in the
dance group had significantly greater lung capacity than those in the somatosensory group,
with a larger effect size (d=0.855, P<0.05). At the same time, compared with the
somatosensory group, there was a tendency for the static closed-eye swing total area d, the
before-and-after area of the swing to be reduced in the elderly in the dance group after the
intervention and have a certain amount of effect size, d were -0.41 and -0.52, respectively.
Dance recreation intervention has achieved good results in the elderly care model, and the
physical health fitness as well as the exercise ability of the elderly have been improved.
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