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Abstract. IN view of the lack of interaction in Wushu Sanda Teaching, an online
open Wushu Sanda Teaching Platform Based on hybrid reality technology is
designed. In the hardware part, the serializer packs the image data into FPD link
signal and outputs it to the deserializer circuit board through coaxial cable. The
deserializer is responsible for unpacking the received FPD link signal, restoring it
tomipi-csi signal and transmitting it to the image receiving and processing chip. In
the software part, the logic layer includes two components: knowledge agent and
interaction agent, which constitutes the architecture of learning and management
system for online open platform. The collaborative interaction model is designed
based on hybrid reality technology to realize the interaction behavior between
users and the environment. According to the overall requirements of the platform,
each functional module is designed to ensure teaching interaction. The test results
show that when the number of concurrent users is 5000, the response time of the
online open Wushu Sanda Teaching Platform Based on hybrid reality technology
is 0.9 s, which is 0.5 s and 0.49 s shorter than that based on virtual technology and
big data analysis technology, respectively. Therefore, the platform realizes each
functional module and has good performance.

Keywords: Hybrid reality technology · Online opening ·Martial arts · Teaching
platform · Platform design · Online education

1 Introduction

At present, the world is in an overall peaceful environment, so Wushu has gradually
shown its characteristics of fitness, entertainment and leisure. Among China’s traditional
national sports, Wushu Sanda occupies a very important part. It is a highly antagonistic
form of sports that comprehensively reflects skills, intelligence and courage. Sanda is
also a very important branch of Wushu, so its development process will naturally be
related to fitness and entertainment. Wushu Sanda as a competitive sports fitness, its
popular development space needs to be further developed. In the teaching and teaching
of physical education curriculum inColleges and universities, it is clearly pointed out that
physical education curriculum in Colleges and universities should carry forward national
traditional sports in China, which reflects the connotation of national traditional sports.

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2022
Published by Springer Nature Switzerland AG 2022. All Rights Reserved
W. Fu and G. Sun (Eds.): eLEOT 2022, LNICST 453, pp. 50–61, 2022.
https://doi.org/10.1007/978-3-031-21161-4_5

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-21161-4_5&domain=pdf
https://doi.org/10.1007/978-3-031-21161-4_5


Design of Online Open Wushu Sanda Teaching Platform 51

With the rapid growth of Wushu Sanda Teaching demand, the actual teaching classroom
has been difficult to meet the Wushu Sanda Teaching demand. It is necessary to use
the teaching platform to combine computer technology and Wushu Sanda knowledge,
and carry out teaching interaction centered on the online open teaching platform, so
as to make up for the shortcomings of traditional teaching methods in Colleges and
universities. Online open teaching platform is a new online course mode. It enhances
the dissemination of knowledge, shares course resources and strengthens the spirit of
teamwork. The research and development of online open teaching platform is fast, and
some research results have been achieved. She Chunhua and Deng yuxu designed an
online teaching simulation platform based on virtual technology to find the causes of
different defects [1]. ShiWanli andZhangYuhui useHBase database combinedwithSQL
computing execution engine to analyze education data and transfer the analyzed student,
teacher and resource information to the intelligent education information cloud service
layer [2]. The education information cloud service layer enables platform users to enjoy
platform storage files, course management, course publishing and other services through
user authentication, service binding and service provision. The platform can provide
personalized teaching and management according to students’ personalized learning
behavior. The above teaching platforms can realize open education, support a large
number of students’ online learning, and provide effective management for multiple
courses. However, there are still problems of insufficient interactivity that need to be
further solved. Integrating the cutting-edge technology of the Internet and the concept
of education to create a socialized large-scale online open Internet learning model has
a far-reaching impact on promoting online education. Wushu Sanda, as a traditional
Wushu project, its teaching method is also more traditional and single. Carrying out
physical education network teaching is also an inevitable choice in the information age.
Hybrid reality technology is not only the result of the integration of the physical world
and the digital world, but also the result of the interaction between human, computer
and environment. It releases the possibilities limited by our imagination. It appears with
the progress of graphics processing ability, computer vision, input system and display
technology. Hybrid reality combines the physical world and the digital world, which
define the two extremes of the scope called “virtual continuum”. On one side is the
physical reality, that is, the human environment; On one side is the corresponding digital
reality, while the mixed reality is in the middle of both sides. Hybrid reality allows users
to interact with the virtual information in front of them. It is the interaction of hybrid
reality between computers, humans and the environment. Therefore, this paper designs
an online open Wushu Sanda Teaching Platform Based on hybrid reality technology, so
as to promote the wide application of multimedia teaching means in Wushu teaching,
optimize Wushu classes and improve the quality of Wushu teaching.

2 Hardware Design of Online Open Wushu Sanda Teaching
Platform

The function of the hardware part of the online open Wushu Sanda Teaching Platform
is to collect, transmit and enhance high dynamic images in real time. The circuit mainly
includes image acquisition circuit, image serial circuit and image deserialization circuit.
The overall design architecture is shown in Fig. 1.
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Fig. 1. Hardware design architecture

The image sensor is designed on a circuit board and is responsible for collecting
high dynamic images. After collecting the image data, the image sensor outputs the
image data to the serializer circuit board through mipi-csi interface. The serializer packs
the image data into an FPD link signal and outputs it to the deserializer circuit board
through a coaxial cable. The deserializer is responsible for unpacking the received FPD
link signal, restoring it to mipi-csi signal and transmitting it to the image receiving and
processing chip. The deserializer circuit board is connected with the image receiving and
processing circuit board through FPC socket and GPIO socket on the image processing
chip. The power supply scheme of the system circuit is described in detail below. Since
the deserializer chip circuit board is directly connected with the image processing chip
through the GPIO socket, it can directly input the vcc5v power supply. Since the power
supply required by the deserializer is 1.8V, it is necessary to use the linear regulated
power supply chip to generate the 1.8V power supply required by the deserializer chip.
In this paper, mp1495sgj-p chip is selected to generate the 1.8V power supply required
by the deserializer. Since the image sensor circuit board is connected with the serializer
circuit board through FPC socket, it is necessary to generate 1.2V and 2.8V power supply
required by the image sensor on the serializer circuit board.Rt9011-cmgj6 is a high-speed
linear voltage regulator, which can support 2.5V to 5.5V input and generate 1.2V and
2.8V supply voltage. It is output at Vout1 and vout2 pins respectively. The maximum
supply current can reach 700 mA, meeting the requirements of supply current. The
principle of power supply circuit is shown in Fig. 2.
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Fig. 2. Schematic diagram of power supply circuit

The drive control module selects the EK-TM4C1294XL development board of TI
company to generate the controlled square wave signal. The relevant characteristics of
the development board are as follows: the 32-bit processor based on ARM Cortex-M4
core can work at a frequency of 120MHz and produce up to 8 PWMwaves. It contains 8
timer modules, each module has 2 16 bit registers, 8 universal asynchronous serial com-
munication modules (UART) and 20 12 bit ADC converters. Tm4c1294 development
board receives the duty cycle information of six serializers from the upper computer
through the serial port, and generates the corresponding square wave signal through
the received information, so as to realize the control of the serializer. The internal vs
terminal of the chip is connected to the positive pole of the DC power supply, and the
GND terminal is connected to the negative pole of the DC power supply.

3 Software Design of Online Open Wushu Sanda Teaching
Platform

3.1 Structure Design of Online Open Platform

The design goal of Wushu Sanda Teaching Platform is to closely combine Internet tech-
nology with Wushu Sanda Teaching, and make up for the defects of traditional Wushu
Sanda Teaching mode, such as lack of high-quality teachers and resources, lack of man-
power, and lack of guarantee of teaching quality and process. Taking Wushu Sanda
Teaching as the center, we should create an online education platform advanced by the
joint efforts to build and share, effective interaction between teachers and students, mass
teaching resources of high quality Wushu Sanda, and have advanced, sustainable, iter-
ative and upgrading development to meet the needs of Wushu Sanda Teaching in our
school, thus improving themanagement and teaching level ofWushu Sanda, and improv-
ing students’ initiative learning ability and innovative learning ability. Meet the society’s
increasing demand for Wushu Sanda Teaching. The online open platform structure of
this design is shown in Fig. 3.
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Fig. 3. Online open platform structure

Any application software system needs a friendly operation interface. The interface
design adheres to the user experience as the center, with intuitive and concise interface
and convenient and fast operation [3]. Viewed from the current mature software UI, the
general standard of UI is that the software has a main interface, and all business-related
tasks should be completed in the main interface, while other main functions of data input
and data output are completed through the navigation menu. For our work in UI, we have
adopted easyUI for the teacher working platform. Using easyUI can quickly create an
interface effect with unified style. The easyUI main interface layout is divided into four
parts. The top is the page log, the left is the function menu navigation bar, and the right
shows the main content. The top part lists the task list of the current page, which is
simple and friendly for the user experience; Powerful, the page can support the display
of various browsers, and easyUI provides many controls. The logic layer includes two
components: knowledge agent and interactive agent, which constitutes the architecture
of learning and management system for online open platform. The main function of
interactive agent element is to create a unified platform for learners to participate in
the theme discussion and curriculum activities of Wushu Sanda Course, and promote
learners to join the theoretical learning of the course with the help of interactive agent
element [4]. In this framework, learners transfer behavior to evaluation elements and
submit learning parameters to teaching agents. The evaluation component is mainly to
effectively evaluate the learning parameters provided by learners according to the histor-
ical information of learners stored in the learner record data. According to the historical
information and evaluation information, the teaching agent finds the resources needed
by learners in the learning resource database. With the help of component delivery, it
uses the multimedia platform to provide learning resources for Learners [5]. MySQL
has attracted much attention because of its speed, reliability and adaptability. Through
the demand analysis, because the MySQL database has the characteristics of low cost,
small volume, open source and free, superior performance and powerful function, it can
meet the needs of the system, so the MySQL database is selected in the system. The
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primary keys of all tables are uniformly named ID, and the specified type is long, except
for the tables formed by many to many relationships.

3.2 Design Collaborative Interaction Model Based on Hybrid Reality Technology

According to the interactive characteristics and requirements of online open Wushu
Sanda Teaching Platform, a collaborative interaction model is designed based on hybrid
reality technology. The basic elements of interaction model include user, mode, task,
operation and representation. The specific attributes of user elements can include user ID,
user role, group size, user status, etc. Modal elements conform to the multi sensory inter-
action mode of human in normal cooperation. Specific collaboration task requirements
will affect the collaboration mode between users. The proposed eight collaboration
styles include active discussion, visual participation, shared perspective, independent
perspective sharing, synchronous completion of specific tasks, asynchronous resolution
of general tasks, resolution of different tasks and separation from collaboration [6]. The
operation of hybrid reality technology represents the operation that users need to com-
plete in order to achieve their goals, and can support the interaction between a single
user and the environment and the interaction between users [7]. Teaching interaction is
a process of adjusting and controlling teaching activities to meet the needs of students
in special network teaching. This process is based on the analysis of the adjustment
and control of teaching objectives, contents, modes, objects, environment and other ele-
ments, and optimizes the teaching process through teaching methods, means and modes.
InWushu Sanda Teaching, one operation corresponds to one kind of element action. For
an element action, in order to judge the position, time span and direction of its symbol in
Wushu Sanda, it is necessary to determine the body part, start and end time and direction
corresponding to the action. The body part corresponding to the action can be determined
by the joint point performing the action; The start and end time can be determined by the
number of frames and frame rate of motion capture data; The judgment of movement
direction needs reference. In Wushu Sanda Teaching, the front of the body is usually
used as a reference to quantify other directions. Taking the element action of human arm
as an example, when judging the direction, first find the final posture of the action, and
then subtract the hand node coordinates and shoulder node coordinates to calculate the
arm vector. The direction points from the shoulder to the hand, quantifying the horizon-
tal and vertical directions respectively. When quantifying the vertical direction of arm
movement, it is necessary to calculate the angle between the arm vector and the positive
direction of y axis. The included angle is calculated as follows:

α = arccos
p1
|p2| (1)

In formula (1), α represents the included angle; p1 is the vertical component; p2
represents the arm vector. Assuming that the included angle between the front of the
human body and the x-axis of the camera world coordinate system is β, and the position
of a joint point in the world coordinate system is (x0, y0, z0), the coordinates of the point
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after shooting angle normalization are calculated as follows:

(x, y, z)T =
⎡
⎣

cosβ 0 sin β

0 1 0
− sin β 0 cosβ

⎤
⎦(x0, y0, z0)

T (2)

In formula (2), (x, y, z) represents the coordinates after normalization; T represents
transpose matrix. The actions of each upper limb element are regarded as the category
label of Wushu Sanda data, and the judgment of the upper limb action direction is
regarded as a classification problem, which is processed by the integrated model based
on sub sample aggregation strategy and limit learning machine. During training, input
the timing data matrix of the action and the corresponding category label. The activation
function is:

f = √
1+ (cμ + η) (3)

In formula (3), f represents the activation function; c represents training sample;
μ represents the weight vector between the input layer and the hidden layer node; η

indicates offset. After training, for an unknown action data, the limit learning machine
can identify the category label of the action. The discrimination formula is as follows:

g(c) = argi maxϑi(c) (4)

In formula (4), g represents the category label; i indicates classification; ϑ represents
the probability that action c belongs to class i. In the collaborative interaction model
based on hybrid reality technology, the element of representation can be regarded as
the output module in collaboration. Full and effective real-time information display is
very important for each user to help users improve their perception of the collaborative
system and get effective interactive feedback.

3.3 Design the Functional Module of Wushu Sanda Teaching Platform

Platform login mainly includes the login of registered users to the martial arts Sanda
Teaching Platform. User login requires user name and password. The system will assign
different users access to the system according to their roles and permissions. At the
same time, it supports third-party authorized login. On the platform home page, we
adopt the bootstrap page framework and add some dynamic effects. For example, the
left to right button below can dynamically switch the recommended courses, showing
a good interface effect. At the system management end, you can edit the system main
page, specify the cover course, specify the classification, etc. Teaching resources are
an important part of teaching. Online teaching resources are one of the components
of network teaching resources. Rich and colorful teaching resources are an important
guarantee for teaching quality. Teaching resources are the teaching materials provided
by teachers for the development of teaching, and online teaching resources are one
of the teaching materials for teachers to carry out network teaching. Online teaching
resources of network teaching mainly include teaching documents, auxiliary resources
and network resources. The content of online teaching resources is rich. There are not
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only electronic teachingmaterials showing teaching contents, but also teachers’ teaching
plans, courseware, teaching demonstration, student work display, etc. the teaching forms
are also diverse, including documents, pictures, audio and video, animation, etc. This
paper will use Professor Wang Sen’s Sanda defense and counterattack classic, this paper
will refer to ProfessorWang Sen’s Sanda defense and counterattack classic, ZengYujiu’s
new theory of Wushu Sanda training, Zhou Zhengwei’s Sanda Teaching and training,
and the special teaching materials for Sanda Course of national traditional sports major
in Physical Education College of Shandong Normal University. The course category list
on the left is pre specified in the database. The first level course classification and some
second level course classifications are pre specified. The first level category is specified
according to the national first level subject directory and cannot be changed. The second
level classification teachers can add dynamically. When the system first enters the page,
all courses will be loaded, and more unclassified courses can be loaded through the
“more” button. If you click the link of secondary category on the right, the courses
of the specified category will be loaded. If the student logs in, the student can enter
learning through the start learning now button on the right. When adding Wushu Sanda
Course Resources, you need to select the corresponding type under the unit according
to the type of resources. If you add video, you need to select the video type, if you add
exam, you need to select the exam type, if you add homework, you need to select the
assignment type, if you add discussion, and if you add HTML, you need to select the
HTML type. Before adding an assignment or exam, you need to enter the test questions
on the platform to form an assignment or test paper to form a corresponding assignment
list and test paper list. When you need to add an assignment or exam, you can select
from the corresponding list. The user management function mainly includes permission
setting, role definition and account management. It establishes the background data
management organization system for the martial arts Sanda learning platform to ensure
the normal functions of the system. The main function of system management is to set
the authority of each user for data query and analysis, so as to ensure the security of the
system. The system management module subsystem mainly includes log information,
system information, user information, report generation and information release.

4 Teaching Platform Test

4.1 Platform Function Test

Teaching platform testing is mainly to ensure the high-quality operation of the platform
and reduce defects and errors. It exists in each life stage of platform development. Each
stage of testing is the process of finding errors through testing, finding and solving prob-
lems as soon as possible, so as to ensure the smooth development and implementation of
software. The hardware environment for platform performance test is as follows: CPU:
Intel (R) core (TM) i5-3230M CPU @ 2.60 GHz; Memory capacity: 8g; Graphics card
model: AMDRadeonR5m200; Videomemory capacity: 2G. The software environment
is as follows: operating system:MicrosoftWindows 10 professional edition;Web server:
CPU: 2 pcs, above 2.4 GHz; Application server: CPU: 2 pcs, above 2.4 GHz; Database
server: memory: above 8 GB; Hard disk: above 500 g. Functional test cases are mainly
divided into basic operations such as course editing, management and search, user login,



58 Z. Fu et al.

addition and deletion, announcement release and deletion of course resources, etc. After
testing, the functions of the online openWushu Sanda Teaching Platform can be realized
normally, and the test results are consistent with expectations.

4.2 Platform Performance Test

Performance test is mainly to test the performance indicators of the platform, and judge
whether the indicators of the platform are consistent with the expected performance
indicators, whether they are safe and stable enough, etc. For the martial arts Sanda
Teaching Platform, due to the large number of users, it mainly tests the pressure of the
platform. Set the number of concurrent users to 2000, 5000 and 10000, continuously
increase the number of concurrent users on the platform, record the response time of
the platform, conduct 10 experiments in each group, and take the average value in 10
groups. The stress test results of the online openWushu Sanda Teaching Platform Based
on hybrid reality technology are compared with the teaching platform based on virtual
technology and big data analysis technology. The platform stress test results of different
concurrent users are shown in Tables 1, 2 and 3.

Table 1. Response time of 2000 concurrent users

Number of
experiments

Platform response time (s)

Online open Wushu
Sanda teaching
platform based on
hybrid reality
technology

Online open Wushu
Sanda teaching
platform based on
virtual technology

Online open Wushu
Sanda teaching platform
based on big data
analysis technology

1 0.44 0.68 0.71

2 0.42 0.64 0.74

3 0.55 0.68 0.77

4 0.48 0.69 0.68

5 0.56 0.66 0.65

6 0.55 0.68 0.66

7 0.44 0.65 0.72

8 0.41 0.67 0.75

9 0.43 0.62 0.71

10 0.42 0.63 0.74

According to the above results, the response time of each platform increases with the
increase of the number of concurrent users. However, for the user, this data is still within
the acceptable range, and the user will not give up the operation. Taking 5000 concurrent
users as an example, the response time of the online open Wushu Sanda Teaching Plat-
formBased on hybrid reality technology is 0.9 s, which is 0.5 s and 0.49 s shorter than the
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Table 2. Response time of 5000 concurrent users

Number of
experiments

Platform response time (s)

online open Wushu
Sanda teaching
platform based on
hybrid reality
technology

Online open Wushu
Sanda teaching
platform based on
virtual technology

Online open Wushu
Sanda teaching platform
based on big data
analysis technology

1 0.85 1.33 1.36

2 0.84 1.34 1.34

3 0.98 1.48 1.37

4 0.85 1.36 1.38

5 0.96 1.45 1.35

6 0.99 1.39 1.36

7 0.85 1.36 1.43

8 0.82 1.38 1.42

9 0.91 1.45 1.45

10 0.95 1.49 1.46

Table 3. Response time of 10000 concurrent users

Number of
experiments

Platform response time (s)

Online open Wushu
Sanda teaching
platform based on
hybrid reality
technology

Online open Wushu
Sanda teaching
platform based on
virtual technology

Online open Wushu
Sanda teaching platform
based on big data
analysis technology

1 2.06 3.12 2.98

2 2.14 3.24 3.12

3 2.08 3.18 3.08

4 2.26 3.256 2.98

5 2.15 3.3 2.98

6 2.22 3.29 2.99

7 2.03 3.15 3.01

8 2.08 3.28 3.13

9 2.14 3.25 3.15

10 2.17 3.24 3.14
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teaching platform based on virtual technology and big data analysis technology respec-
tively. From this result, the performance of the function during operation is consistent
with the goal. Based on the above analysis, the design platform has fast response time
and good response performance. The main reason is that the design platform constitutes
an online open platform oriented learning and management system architecture, and
uses hybrid reality technology to build a collaborative interaction model to realize the
interaction between users and the environment, and improve the response performance.

In order to further prove the superiority of this platform, 1000 gb Wushu Sanda
teaching video resources are set to be integrated. There are 30 practical tasks in Wushu
Sanda Teaching. The processing efficiency of Wushu Sanda teaching video resources is
shown in Fig. 4.
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Fig. 4. Processing efficiency of Wushu Sanda teaching video resources

By analyzing Fig. 4, it can be seen that there is a significant difference in the process-
ing efficiencyofWushuSandaTeachingVideoResources before and after the integration,
and the processing speed after the integration is lower than 70 ms. This shows that this
platform can access Wushu Sanda teaching video resources, and the retrieval speed is
fast, and can quickly provide students with the required Wushu Sanda teaching video
resources. The main reason is that the image data is packaged into FPD link signals by
the serializer and output to the deserializer circuit board through the coaxial cable. The
deserializer is responsible for unpacking the received FPD link signals, restoring them
to mipi-csi signals and transmitting them to the image receiving and processing chip,
thus improving the call performance.

5 Conclusion

This paper designs an online open Wushu Sanda Teaching Platform Based on hybrid
reality technology, which greatly improves the application value of teaching. Through
the platform of Wushu Sanda Teaching, we can more timely update the information of
Modern Wushu Sanda learning, and make Wushu Sanda Teaching reach a new level.
However, there are still some improvements and deficiencies in the platform. The overall
design of the platform needs further aesthetic treatment, the compatibility is not enough,
and it should further meet the requirements of supporting mobile devices. The function
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and content of the platform need to be further optimized and improved.With the increase
of teachers and students of Wushu Sanda Course, there is a greater demand for platform
data transmission. There may be some other problems, and the platform needs to be
gradually improved in the future.
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