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Abstract Based on the concepts of matrix arithmetic and big Civic and political education, this paper carries out optimization
research on the project-based teaching mode of physical education courses in higher vocational colleges. At the level of
teaching design, a teaching mode based on the programization of physical education courses is constructed, and the Civic and
Political elements are integrated into the whole process of sports skills training. The inter-frame difference method is used to
realize motion detection, and the Fourier transform technology and kernel component analysis are used for feature extraction
and dimensionality reduction of the image. Then the hierarchical spatial feature extraction model CNN and temporal feature
processing model LSTM are introduced to establish a recognition model based on CNN-LSTM hybrid neural network to
recognize sports actions. The results show that the CNN-LSTM hybrid model is less accurate than the combined model in
terms of performance metrics compared to the model when only CNN or LSTM alone module is used, and the error value of
the combined model for action capture is lower, which proves that the combined model has stronger performance. In addition,
the model in this paper is able to capture the spatio-temporal relationship between time series and joints more accurately and
quickly, and in the process of realizing the evaluation of the standard degree of different actions, the action recognition error
of the CNN-LSTM model is reduced by more than 20% compared with that of the traditional model, which shows that the
model in this paper has an excellent recognition effect on different sports actions as well.

Index Terms Inter-frame differencing, Fourier transform, kernel component analysis, CNN-LSTM, sports action recognition

I. Introduction

With the curriculum reform and the upgrading of students' needs, carrying out high-level physical education program teaching
can not only well supplement the defects of the existing teaching mode in higher vocational schools, but also effectively
promote the comprehensive growth of students' physical and psychological qualities, which is of positive significance for the
deepening of the school's high-quality parenting work [1]-[3]- In view of this, higher vocational physical education teachers
should widely explore the scientific sports teaching mode, integrate the project-based thinking and methods into daily teaching
practice, enhance students' sports awareness, and realize the multi-dimensional development of sports teaching. The so-called
project-based teaching refers to a relatively independent project under the guidance of the teacher, which is completely handed
over to the students to deal with independently, and the students, by carrying out the project, understand and grasp the whole
process and the basic requirements in each link [4]. Accordingly, the key to project-based teaching lies in the rational design
of projects and the cultivation of students' ability to handle projects. Its most significant feature is “project-based, teacher-
guided, student-oriented”, to realize the effective integration of project elements, so as to enhance the relevance of “teaching
and learning”, and to improve the effectiveness of teaching and learning and the ability of independence [5]-[7]- Project
teaching method is conducive to teachers to better break down the content of physical education, and effectively guide students
to find their favorite sports, driven by interest to explore the curriculum, to achieve the fine control of teaching and learning,
and gradually improve and perfect their professional ability, critical thinking ability, practical ability and comprehensive ability
[8]-[11]-

In addition, in physical education teaching, teachers can create physical education classroom teaching projects, make it
organic with competition activities, let students participate in the project competition and competition, master sports skills in
the confrontation, improve the quality of sports, and promote the diversification of the form of physical education teaching
[12]-[14]- At the same time, in 2022, the state clearly pointed out that the ideological and political education should be
integrated into the cultivation of various types of skilled personnel, based on the ideological and political perspective can be
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seen in the new era of educational development requirements is that physical education and moral education must be further
integrated, so that physical education teaching work can convey the idea of moral education [15]. And “big ideology and
politics” is an important cornerstone of the development of higher vocational education, it has a very high applicability and
significance in the construction of physical education system, providing a unique perspective for reform and innovation [16])-
However, in the actual teaching mode of physical education program, the teaching design of the integration of teaching
objectives and ideological education is only presented in the form of splicing, and there is not much correlation between them,
which leads to students still emphasizing physical education over ideology. And the course evaluation process is even more
experience-based, the effectiveness of project-based teaching did not have an in-depth understanding and improvement, with
a fixed template, set for all types of sports [17]-[19]. Based on this, in order to better achieve the higher vocational sports
courses in line with national policy, the need to optimize the sports project-based teaching mode.

In this paper, the teaching process is divided into five steps, namely, “creating a project - making a plan - exploring activities
- communicating results - evaluating and summarizing”, arranging the teaching content from the perspective of students, and
starting from the three aspects of project preparation, implementation and summarization. Preparation, implementation and
summary of the three aspects, to build a project-based teaching model based on the physical education curriculum in higher
vocational colleges and universities. The inter-frame difference method is used to detect the students' sports movements, the
Fourier transform technique is used to extract the sports movement features, and then the kernel component analysis method
is used to select the important sports features. Matrix operation is then used for feature processing, and CNN model with
hierarchical spatial feature extraction capability and LSTM method with temporal feature processing capability are introduced
to construct an LSTM-CNN model that retains detailed features and extracts abstract features, so as to enhance its accuracy
and robustness for action recognition. Finally, the recognition performance and application effect of the model are analyzed
by examples.

II. The model design of project-based teaching of physical education courses in higher vocational
colleges and universities

II. A. Design of Project-based Teaching Mode for Physical Education Courses in Higher Education Institutions

II. A. 1) Project-based teaching theory model design

Different teaching modes reflect different teaching purposes. In the process of teaching, teachers will adjust the teaching mode
and teaching links according to the teaching needs. In this paper, according to previous reports, the teaching process is divided
into five steps, namely, “creating a project - making a plan - exploring activities - exchanging results —-Evaluation and
summarization”. The overall model of project-based teaching in physical education courses in higher vocational colleges is
shown in Figure \1\

Create
project

Evaluation Make a
summary plan

"N e

Exchange Activity
< . .
of results inquiry

Figure 1: The overall model of the teaching of physical education

II. A. 2) Selection of teaching content

The textbook should be from the perspective of students, close to their lives, and the cases chosen can inspire students in
higher vocational colleges to explore the physical education curriculum programs in their lives. In addition to theoretical
knowledge, the textbook also has a lot of practical parts, which can make students understand the sports teaching mode of
higher vocational colleges and universities more deeply through hands-on practice. While improving students' knowledge of
physical education programs, it can stimulate students' interest in learning physical education programs, and then increase their
enjoyment of physical education.

II. A. 3) Project-based teaching process design for physical education courses

In the teaching process, we divided the five steps in the design of the teaching theory model into three stages, namely, project
preparation, project implementation and project summary. In the project preparation stage, there are creating projects and
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making plans, in the project implementation stage, there are activity exploration and results exchange, and in the project
summary, there are evaluation and summarization. The specific contents are as follows:

(1) Project preparation stage

The project preparation stage is the most important first step in project-based teaching. It can stimulate students'
participation in the classroom and the enthusiasm of the research project, and create a good start for the whole project-based
teaching.

Teachers' activities: Teachers need to group students into small groups to ensure that each child has a group, and to clarify
the division of labor within the group; teachers need to consider the degree of difficulty of the teaching content according to
the students' situation; teachers need to create situations according to the project and the students' situation.

Student activities: Students are the main body of project-based teaching. First of all, students need to make a clear division
of labor, understand their own tasks and responsibilities in the group, take up their own responsibilities in the group, and
provide their own share for the subsequent group to complete the project.

(2) Project implementation stage

The project implementation stage is the main body of the whole project-based teaching, in this process, the students
independently study and explore, with the help of various learning resources to obtain knowledge and skills enhancement.

Teacher activities: Teachers are the supervisors and organizers of learning in the project implementation stage. Teachers
should make clear the project, set up the task; make a good predetermination of the students' problems, classify the problems
as well as prepare teaching materials in advance, and analyze and explain these core problems.

Student activities: students in the project implementation stage according to the pre-planning, the group to carry out the
implementation of sports projects, collaborative cooperation, and common completion of the project sports project. In the
display and exchange of sports projects, students need to demonstrate their sports projects, introduce the knowledge contained
in the sports projects, sports projects with the highlights as well as shortcomings and directions for improvement.

(3) Summarization stage

In the project summarization stage is mainly the process of evaluation. Compared with the traditional single teaching
evaluation, the optimized project-based teaching mode of higher vocational colleges and universities has various forms of
evaluation, such as “outcome evaluation, process evaluation, teacher evaluation, mutual evaluation and self-assessment”.

Teachers' activities: Teachers need to evaluate and summarize the students' sports projects, and also need to give process
evaluation to the students' performance in the whole project-based teaching, and point out the solutions and ways to solve the
problems encountered by the groups in the process of activities, so as to provide good guidance for the subsequent project-
based teaching of sports courses.

Student activities: intra-group communication and inter-group communication can sublimate the project, each group
according to the performance of the evaluation, you can point out the problems of other groups, you can also learn from the
advantages of other groups, for the next project to do better.

II. B. Recognition model for sports movements
II. B. 1)  Sports movement detection

In the process of sports action recognition, the first step is to detect the student's action, combined with the characteristics of
the student's action, the inter-frame difference method [20] is used to realize the action detection, and the detection results are
processed such as expansion, corrosion contour enhancement, etc., as follows.

(1) Let f(i,j) be the frame image of the sports video, and the two frames before and after are f;(i, /) and f,,(i,)),
and Gray(f,(i,j)) and Gray(f,(i,j)) are used as the grayscale images, and the transformation is specified as follows:

Gray(f (i, j)) =0.11R(i, j)+ 0.59G(i, j) + 0.3B(i, j) (1)
(2) A threshold ¢ is used to judge the noise in the sports image and the following equation is used to perform a difference

operation to obtain a binary image D(i, j), if D(i, j) =1 it means that the pixel position is the position where the action is
generated. Le:

.. 09 |fz(l>])_f;+ (i,j)|<6'
D, j) ={ Lo (2)
1, |f[(la])_f[+1(laf)‘28
(3) The expansion and corrosion process of the binary image is:
D=X®S={(x,)](x,y) e X,S(x, )" X =D} (3)
E=X®S8={(x))|(x,y)nX,S(x,y)c X} 4)

(4) Gaussian filtering is used to remove the noise from the binary image and the Gaussian function is defined as follows:
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II. B. 2)  Extracting sports movement characteristics

The contour line is obtained by taking the edge point of the student's head as the starting point of the contour and dividing it
into M segments of arcs to obtain the contour of one's running action. Assuming that the sports action contour is
R=(#,n,, -,ry), and using Fourier transform for processing, we have:

N

a, = %Z r.exp(—j2zni/ N) (6)
i=1

Normalizing the Fourier coefficients yields a Fourier descriptor of the sports action feature as:

f{mn la Il la,ll ||aN|} 0

2 b b b
la - el el llal

When 64 low-frequency feature components are selected as sports action recognition features toward the manifest, there
are:

F{naz | llall faul ||a64|}

Fa ' la a0 e | ®)
=L Sos firs S

II. B. 3) Selection of important features for nuclear component analysis

If 50 sports action features are directly input to the classifier for recognition, it is computationally intensive and feature
redundancy, which interferes with sports action recognition, for this reason KPCA [21] is used to select the important
features.KPCA is a nonlinear feature selection method, which performs a nonlinear mapping of the original features by means
of an introductory kernel function, and then extracts the main features. Let the training set be X ={x,,x,,---,x,) and ¢
denotes the nonlinear mapping, then the covariance matrix is given by:

1 .
C:_Z¢(xj)¢ (xj) (9)
M=
Decomposition of ¢ yields: Av=Cv, v consists of @(x,),4(x,), -+, 4(x,) and there is:
AP(x,),v) =((x,),CV ),k =1,2,---,.M (10)
Since V' is a linear mixture of ¢(x), one obtains:
' N '
v :zcl.(é(xi) (11)
=1

Let k, =(#(x,),4(x;)) , which follows from the above equation:

MAic =Kc (12)

p+l

The eigenvectors with eigenvalues greater than 0 are ¢”,c”",...,c", and the projection of the sample ¢(x) on ¢ is:

4(x) =¢<x,->—$Z¢(x,-> (13)

All projections form a vector g(x)=[g,(x),g,(x),--,g,(x)]" , ie., the main features are extracted. Using
K, (x,,x) ={d(x,),4(x)) , the projection of the £ th principal element ' of x is:

g() = (V4 = 3¢ K, (3,%) (14)
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Image processing involves a large number of matrix operations, which can be understood through image transformations. The
following discusses the relationship between transposition of chunked matrices, matrix addition and subtraction operations,
number multiplication, inverse of matrices, etc. and image transformations.

T T
Let the chunking matrix M = (ZH ﬁlzj, then M7 = [MITI MZT’ j
21 22 M 12 M 22
Number multiplication of matrices — changing the brightness of an image. Multiplying a matrix by a positive number shows
up on the image as a change in overall brightness. When this number is less than 1, it is shown as a decrease in overall
brightness; when this number is greater than 1, it is shown as an increase in overall brightness; and when it is equal to 1, it is
shown as no change in brightness.
Matrix subtraction and number multiplication operations - change the contrast of the image. When the difference between
the values in the image is small, its contrast is small, which can be adjusted by matrix subtraction and multiplication. A simple
formula for adjusting the contrast of an image is:
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II. C. Image processing and matrix operation after sports action recognition

. 1
men :—X(men _hmin ><[m><n) (15)

‘max ‘min

where mxn denotes the size of the image matrix, 4, .4, denote the values of the smallest and largest elements of the
matrix, respectively, and 7, denotes the matrix with the same size as the image and with all elements 1.

Subtraction of matrices - the negative of an image. The photographic film is so different from the actual image that what is
bright in actuality appears dull on the film, and what is dull in actuality is bright on the film, that it is called a negative or

negative. To wit:

M,  =axI —-M (16)

a is the product coefficient, o =255 when the elements in M
the elements in M, take values in the range [0, 1].

Matrix addition and number multiplication operations - adding a watermark to an image. To wit:

take values in the range [0, 255], and a =1 when

mxn

M}"VIXVI = MWIXVI + ﬂ X NV;X)’I (17)

where M, denotes the watermarked image matrix, N,  denotes the watermarking matrix, and S e (0,1] denotes the
coefficient of the watermark intensity. Take g =1,0.75, 0.5, 0.25 respectively.

Role of Invertible Matrices — Simple Image Encryption and Recovery. Invertible matrices have an important role in linear
algebra and invertible matrices play an important role in image processing. By multiplying an invertible matrix on the left-
hand side of the corresponding matrix of an image and compressing the resulting matrix into a displayable interval, one has:

Y =4 M Y =%y (18)

mxn mxm mxn? " mxn mxn
‘max

where Y denotes the result of the product of the invertible matrix 4, and M
elements in the image into the interval [0,a], &
before.

If this process is reversed, i.e:

Y denotes the compression of the

mxm mxn ° mxn

denotes the largest elementin Y ,and « has the same meaning as

max mxn

h
M”ZXVI = Ar;im e mxn (19)

a

Here, A" denotes the inverse matrix of the invertible matrix A _ . Even if & is not known, it is possible to get a

mxm mxm max

restoration result that is basically the same as the original image by adjusting the contrast.

II. D. Methods for recognizing actions in sports training videos
II. D. 1)  Spatial feature extraction of actions based on CNN layer

The first CNN layer extracts the low-level spatial features of the actions in the sports training video in the following steps.

Step 1: Assuming that the sample of the sports training video is x, the convolutional layer uses the convolutional kernel
@ to perform convolutional operations on x, and automatically learns and extracts the local low-level spatial features of
x . The formula for the first CNN layer is as follows:
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in+h,j+w x a_)h,w + b (20)

1 w=1

H
z(i,j) =
h=
Wherein, the local low-level spatial feature map z of the action in the sports training video is located at (i, ), the height
and widthof @ are H and W ; he H, weW , b isthe bias, and the value of the i+ /4 th row of the j+ w th column
within x is X, ., -
Step 2: The pooling layer performs a downsampling operation on z(i, j) with the aim of reducing the size and parametric
number of the local low-level spatial feature maps of the actions in the sports training video, improving the training speed and
preventing overfitting. In the processing of the sports training video, the [ th local low-level spatial feature map of the action
output by this layer is:

2, = playdown(z, (i, ) + b)) 1)

where ¢ is the modified linear unit (ReLU) activation function; down(-) is the maximum pooling function, ¢, is the
pooling weights, and ¢, is the pooling bias.

Step 3: The fully connected layer integrates the local low-level spatial features of the actions extracted in Step 2 to form
global low-level spatial features. The integration formula for the fully connected layer is as follows:

z" = (p(a"z;. +b") (22)

whereis " and b" are the weights and biases of the fully connected layer.

Step 4: The output layer outputs the global low-level spatial features Z of the actions in the sports training video obtained
from the integration in Step 3.

Finally, the second CNN layer extracts the global high-level spatial features x of the actions in the sports training video
within z, with the aim of minimizing the loss of information and improving the richness of the global high-level spatial

features.

II. D. 2) Timing feature extraction for LSTM layer based actions

In extracting the temporal features of actions in sports training videos,the LSTM has a comprehensive capturing ability. Let
the input gate of the LSTM layer be s, s determines the portion of the input X at ¢ time step that needs to be accepted
by the g of the cell state. Inputting the global high-level spatial features x of the action in the sports training video within
s yields, the

$, = S(@,(%,5,.)+b,) (23)

where o ,and b, are the weights and biases of s, f is the Sigmoid function, y, , is the hidden state, and y, , contains
all the important information about the LSTM from the beginning of processing x to the time step of #—1, which is to say,
it contains the action of the sports training video temporal features.

The forgetting gate of the LSTM layer is %, and /. determines the global high-level spatial feature information of the
actions in the sports training video that needs to be forgotten and needs to be retained in the #—1 time step of g, which is
calculated as follows:

h = f(®,(%,y,)+b,) (24)

where o, and b, are the weights and biases of /.
The output gate of the ISTM layer is o, and o determines the global high-level spatial feature information of the action
in the sports training video that needs to be output to the current hidden state in g, which is calculated as follows:

o, = f(@,(%,y,)+b,) (25)

where @, and b, are the weights and biases of o.
The g is responsible for helping the LSTM layer to capture the long-term dependencies in X, which is calculated as
follows:

g =hl g  +sU tanh(®,(X,,y,,)+b,) (26)

where @, and b, are the weights and biases of g .
The temporal features of the actions in the sports training video extracted by the ISTM layer are.

¥, =0, tanh(g,) (27)
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The attention mechanism can help the LSTM layer pay more attention to the important time steps, improve the accuracy of

temporal feature extraction of actions in sports training videos, get more valuable temporal features, and improve the
recognition effect of actions in sports training videos.

This attention mechanism contains two parts, namely channel attention A” and spatial attention A?. Processing y, using
this attention mechanism yields:
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v =A"()®y, (28)
Vi =2 ®y, (29)
where y” and y? are the temporal features of actions in sports training videos with channel attention and spatial attention,

respectively.
The fusion of y” and y! can obtain more valuable temporal features of actions in sports training videos with the
following formula:

5, = /(@(AvgPool(y! ):MaxPool(y!))) (30)

where AvgPool(y”) and MaxPool(y!) are average and maximum pooling.

II. D. 3) Recognition of actions in sports training videos
The combination of LSTM and CNN effectively integrates the spatial and temporal processing capabilities of the two, CNN
can extract the spatial features of the video frames, and LSTM can analyze the temporal sequence of these spatial features.
This complementarity enables the LSTM-CNN model to comprehensively capture the spatial and temporal dimensional
information in sports training videos, significantly improving the accuracy of action recognition.

The recognition model of actions in sports training videos can be established by using LSTM-CNN [22], [23]- The specific
steps for action recognition in sports training videos are as follows.

Step 1: Within the input layer, the original sports training video samples are input.

Step 2: The 1st CNN layer extracts the low-level spatial features z of the actions in the sports training video.

Step 3: Combining the low-level spatial feature master Z, the 2nd CNN layer extracts the high-level spatial feature x of
the action in the sports training video.

Step 4: Combining the high-level spatial feature x, the ISTM layer extracts the temporal feature y, of the action in the
sports training video.

Step 5: Using the attention mechanism, the extracted temporal features y, are filtered to obtain more valuable temporal
features J,.

Step 6: Using Softmax classifier, the output layer processes the temporal features J, to obtain the probability value that
the input sports training video sample belongs to a certain action category with the following formula:

() = PG

5, (31)

where 7, is the action category in the 7 sports training video, M is the number of action categories in the sports training
video, and the action category corresponding to the maximum probability is regarded as the final action recognition result in
the sports training video.

ITII. Sports action recognition model application effect and simulation case analysis

III. A. Performance validation of visual image-based action recognition system

III. A. 1) Performance test of action recognition system under visual image

In order to explore the comprehensive performance of the sports action recognition model proposed in this paper, the
performance of the sports action recognition system under the LSTM-CNN model is uniformly tested by the same operation
method during the experimental process in order to avoid the influence of the different hardware equipment and operation
methods on the experimental results. In this paper, we choose LFDD public dataset, Human4.5M public dataset and traditional
sports action (TPA) dataset. The experimental results of watermark intensity coefficient of the model are shown in Fig. @ In
order to compare the recognition accuracy of the test set under different watermark strength coefficients, the recognition
accuracy varies significantly when the watermark strength coefficients are different. When the ratio is maximum 1.00, the
overall recognition accuracy of the model is the lowest, and the growth is slow, when the number of iterations reaches 50, the
model recognition accuracy only reaches 0.7938; when the watermark strength coefficient is set too small for 0.25, although
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the model recognition accuracy improves rapidly, when the number of iterations is more than 30 there is instability in the
recognition accuracy, and ultimately there is a downward trend; when the watermark strength coefficient is set at 0.75, the
overall recognition accuracy is excellent, there are fluctuations in accuracy in the pre-iteration period, but when the number

of iterations exceeds 43, it tends to stabilize, and the final recognition accuracy reaches the optimum (95.96%). Therefore, the
subsequent system performance test set the watermark intensity factor of 0.75.
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Figure 2: The results of the study model's [ ratio

The loss curve of the model as a function of the TPA dataset is shown in Fig. 3. During the experiment, the research model
was trained using the TPA dataset, and it can be seen that the training loss value gradually stabilizes and eventually reaches
about 0.0147 when the number of iterations reaches 20 or more. The test loss value decreases rapidly in the first 16 iterations,
converges gradually at around 36 iterations, and finally reaches a steady state at around 0.1251.
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Figure 3: The function loss curve in the TPA data set

Figure 4 shows the test recognition accuracy and training recognition accuracy curves of the model in the TPA set. The test
recognition accuracy tends to stabilize after 40 iterations, and the final recognition accuracy reaches about 0.9799; the
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recognition accuracy of the training set tends to stabilize after the 20th iteration, and maintains a steady state after 30 iterations,
and finally converges to 0.9993.
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Figure 4: Test and training recognition accuracy curve of the model on TPA

III. A. 2) Ablation experiments

In order to verify the effect of LSTM module and CNN on the performance of the network model, a series of ablation
experiments are first conducted. The precision rate (Pre), recall rate (Rec), F1 score (F1_score) and computational speed (CS)
are used as the indexes for evaluating the performance strengths and weaknesses in the test model during the experiments, and
the average value obtained after repeating the experiments for 10 times is used for each evaluation index.

The results of the model ablation experiments are shown in Table 1, which firstly shows that the models with the introduction
of LSTM have different degrees of improvement in precision, recall and F1 score, while the computational speed is slowed
down due to the introduction of the additional network structure; secondly, since the use of CNN can enhance the size of the
field of view and reduce the loss of information, it has improved the performance of all the models to some extent; and lastly,
compared to adding only the LSTM or CNN, the performance of the LSTM-CNN model combining the two is significantly
improved, and its precision, recall, and F1 score are all greater than 99.9%, and its computational speed is increased by less
than 1% compared to the two-layer CNN with the highest accuracy, which proves that the model in this paper is extremely
effective in application.

Table 1: Model ablation experiment results

Insertion position Pre(%) Rec(%) F1_score(%) CS(s/epoch)
Conv-1 97.0352 97.0072 97.0147 1.1007
Conv-2 98.0262 98.9954 98.0219 1.0028
Conv-3 97.9994 97.9979 97.0386 1.0972
LSTM 97.9708 98.0067 97.9763 1.0999

CNN 98.1024 97.9892 97.9897 1.104
LSTM-CNN 99.9994 99.9012 99.9801 1.0091

III. B. Analysis of the model's effect on sports action recognition

The experiment was conducted on 50 students in the physical education classes of XX higher vocational colleges and
universities. The experiment was set up with seven movements (hereinafter referred to as B1-B7), namely, left and right arm
swing, up and down arm swing, push and pull, chest expansion, extension, jumping, and high-five), and for each movement,
each test subject was required to repeat the performance three times to obtain 150 samples of movement data. 80% and 20%
of the experimental samples were used as training samples and test samples, respectively. The experimental samples are
preprocessed, normalized and prepared for use, and the neural network-based motion capture technology and inertial sensor-
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based motion capture technology are introduced for the same-condition comparison test to highlight the advantages of this
paper's method in motion capture recognition.
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III. B. 1) Motion Capture Accuracy Analysis

Students demonstrated sports movements, and three methods were used to capture the movement data of nine body parts of
the test subjects: head, neck, left shoulder, right shoulder, waist, left wrist, right wrist, left foot, right foot, and the nine parts
are abbreviated as A1-A9 in the following.Considering the data of the human body's joint points as the standard data, the
sports movement capture methods based on CNN and LSTM were statistically analyzed to compare the accuracy of CNN and
LSTM with the method of the present paper, LSTM- CNN is compared to analyze the motion capture accuracy of different
methods. The statistical results of sports skill motion capture error are shown in Fig. H It can be seen that the method LSTM-
CNN in this paper has the smallest error in the measurement of human movement, and the measurement error interval of 9
parts is [0-1584mm,0.4128mm], the error data fluctuates less, and the measurement results are more stable. Comparatively
speaking, the error of CNN-based motion capture technology continues to rise, and the highest error can reach 2.6874mm,
and the error fluctuation interval of LSTM-based motion capture technology is [1.169mm,2.2914mm], although the error
fluctuation amplitude is not large, the measurement error value of this method is much higher than that of this paper's method,
and the effect of the motion error capture is not ideal. It can be seen that the method in this paper shows the best effect of
human movement measurement.
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Figure 5: Statistical results of the motion capture error of sports skills

III. B. 2) Motion Recognition Accuracy Analysis

To further test the effectiveness of the three methods in recognizing the sports movements performed by the human body, the
three methods were used to recognize the 30 experimental samples of movement data obtained. The statistical results of the
recognition rate of sports movements captured by each method are shown in Table 2. It can be seen that the recognition rate
of sports movements with the methods in this paper is the highest, and all of them are concentrated in more than 97%, and the
highest recognition rate can reach 99.08%. The accuracy of the sports action capture model based on CNN method and LSTM
method basically fluctuates between 80% and 90%, compared with this paper's method, or the accuracy rate is higher.

The maximum action recognition rate of CNN network-based motion capture technology is 90.07%, but only a few
unfolding under the recognition of sports action accuracy is more satisfactory, the lowest recognition rate is only 86.89%. The
LSTM-based motion capture technique shows the same pattern, with a minimum recognition rate of 83.05%. As the former
applies the traditional neural network for action capture recognition, its weight determination is more random, which affects
the efficiency and accuracy of action feature recognition, resulting in a low recognition rate of sports action; the latter focuses
on the research of action capture time sequence feature processing, and applies the traditional support vector machine algorithm
in behavior type recognition, although it can recognize the behavior type, but it results in poor stability and recognition
accuracy is not ideal. Although the behavior types can be identified, the stability is poor and the accuracy is not satisfactory.
The method in this paper combines the advantages of CNN and LSTM methods and is based on two-layer network, so that
the human body's movements and behavior types can be identified with high accuracy.
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Table 2: The results of the recognition rate of the physical action of the parties

Recognition rate(%)
Method
Bl B2 B3 B4 B5 B6 B7
LSTM-CNN 97.91 97.97 97.96 97.9 99.08 98.29 97.96
CNN 86.89 9021 90.4 89.76 90.07 89.9 89.99
LSTM 83.05 88.11 88.06 88.27 88.27 88.41 87.58

III. C. Empirical analysis of visual image-based sports action recognition
III. C. 1) Comparison of Recognition Errors of Different Models for Sports Movements

For sports action recognition, it can enable teachers and students to understand part of the action key force point and movement
mode from data and multidimensional level in a more comprehensive and three-dimensional perspective, and at the same time,
to verify that the proposed action recognition and acquisition system can correctly follow the human body model for accurate
capture of actions. In this study, CNN, CNN and LSTM are used as control models to test the results of multiple action
recognition with the CNN-LSTM model proposed in this paper. The experimental subjects in this paper are 150 students in
MG higher vocational colleges in the physical education classroom taijiquan teaching exams to recognize and analyze the
sports actions in their classroom content presentations.

The results of the action recognition comparison test of different models are shown in Figure @ It can be seen that the error
accuracy of this paper's model can be kept below 33.5mm in the Leapfrog action and Squat action with serious occlusion,
while the error accuracy of the GCN model reaches up to 45.48mm. Among the three comparative models, the best-performing
model is the CNN-LSTM model, with an average error accuracy of 34.18mm, and the smallest error accuracy for the action
is Sit-up, and the action Purch with the highest error precision reaches 37.02 mm; while the average error precision of LSTM
model reaches 45.19 mm, and the average precision error of GCN model is more than 47.18 mm.The recognition accuracy of
this paper's model is improved by more than 20% compared with the three comparative models, which proves that this paper's
algorithm has better recognition performance.
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Figure 6: The actions of different models were compared to the test results

III. C. 2) Sports movement action recognition accuracy analysis

To verify whether the human motion recognition system can correctly locate the torso position and whether the error of joint
point localization is within the acceptable range, the model is subjected to a three—circle route experiment. The results of the
three-circle path and simulated walking schematic are shown in Fig. @ where (a) represents the three—circle path schematic
and (b) represents the motion trajectory simulation diagram. It can be seen that after the three-circle path walking recognition
acquisition experiment for the recognition system, the improved recognition acquisition system can effectively capture the
human plane motion trajectory. The test person is specified to walk in the order of five checkpoints and timed. It can be seen
that the action movement recognition acquisition system simulates the body movement trajectory of the test person in good
condition, the overall path planning record is complete, and the actual walking range is consistent with the prescribed walking
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range. Overall, the model is effective in recognizing the movements of different sports, and the structural advantages of the
model enable it to more accurately capture the time series and the spatio-temporal relationship between joints, which improves
the accuracy of movement recognition.
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Figure 7: Three ring paths and analog walking diagrams

IV. Conclusion

In this study, under the guidance of the concept of big ideology education, a CNN-LSTM hybrid model based on sports action
recognition is constructed, and the application effect of this model in the project-based teaching mode of sports courses in
higher vocational colleges is investigated.

(1) After experiments, it is determined that the watermark intensity coefficient of this paper's method is set to 0.75; when
the CNN-LSTM model is iterated for 40 times, its function loss value and recognition precision are finally stabilized at about
0.1251 and 0.9799. The accuracy of the four performance indexes, such as the precision rate and the recall rate of the CNN-
LSTM hybrid model, reaches more than 99.9%, which proves that this paper's model has an application the effect is extremely
good. It has the lowest error value for motion capture (between 0.1584mm-0.4128mm) and the highest accuracy rate of 99.08%
for motion recognition.

(2) The results of empirical analysis show that the teaching model has an error of between 31.62mm-37.02mm in realizing
the assessment of movement standardization in taijiquan demonstration, which is reduced by more than 20% compared with
the comparison model; and it is able to more accurately capture the time series and the spatio—-temporal relationship between
the joints to improve the accuracy of movement recognition.
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