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Abstract: With the rapid development of computer technology and network technology, people ushered in a
new era of network with information and knowledge as the main features. People’s exposure to digital infor-
mation has grown exponentially. The continuous and strong growth in the amount of information has brought
many challenges to the people. Sports competition has now become an important symbol of the progress of
national and national civilization. As the most powerful tool for modern human development, computer tech-
nology will inevitably play an important role in the development of sports competition. Therefore, this paper
studies the application of data mining algorithm in the analysis of the technique and tactics of volleyball game.
We integrate the data mining and the pattern finding models to solve the data analytic tasks. The results are

validated through experiment.
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1. Introduction

At present, the analysis of sports data information usually
adopts conventional statistical methods: sampling theory,
hypothesis testing, decision theory, estimation theory,
time series, etc. Most of statistical analysis techniques
require perfect mathematical theory and rigorous use
skills as high, and most of them belong to sampling stu-
dies, and there are different levels of information loss. In
addition, it is difficult to discover the underlying laws of
data by traditional statistical methods. With the increase
of data in the sports field in recent years, physical fitness
monitoring data for various indicators, various kinds of
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sports competition data, and so on, more and more, the
formation of the massive data. At the same time, com-
puter application technology has obvious potential for
development in storage and simulation analysis of data.
Therefore, how to find the interrelationships among vari-
ous factors in the massive data and find out the changing
rules between them, and further in-depth analysis of the
data has become one of the important directions of com-
puter development. Therefore, the research and applica-
tion of data mining technology has become an indispens-
able part of sports science research.
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Figure 1. The volleyball principles
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In the field of sports, there will be a great deal of data
and information in athletics training, actual competitions,
school sports management, and national fitness testing.
How to use these data effectively and give full play to its
potential value is exactly the problem that the scientific
and technical personnel in sports and related fields ur-
gently need to solve with a cluster-based data transmis-
sion method to ensure the security of data transmission
through the identity digital signature scheme and to speed
up the data transmission speed by reducing the computa-
tional complexity and security verification time. There-
fore, the principles can be summarized as the following
aspects.

For the volleyball players to wear the inertial sensor, the
initializing calibration while through the sensor to the
volleyball throwing ball and the swing stroke movement
data collection. The basic idea is as follows, on the basis
of each inertial sensor for volleyball players in the vol-
leyball and stroke gesture joint profile data, the real-time
coordinate conversion processing is completed all the
joints in the human body model for the volleyball ball
and stroke action corresponding tracking, obtain the cor-
responding number.

The attitude data of the inertial sensor worn on the body
of the volleyball player is the coordinate of the inertial
sensor itself, so when collecting the data of the volleyball
throwing and the swing of the ball, and it is necessary to
convert the action attitude data obtained above to the
skeleton mark system in the human skeleton model.
Volleyball is a collective project, the coaches also have
reliable and effective information about the team and the
opponents, whether according to the information to make
effective and targeted training plan that can to master in
the competition of the initiative and win the game at the
end of the play a vital role. The game statistics and
processing of the data is scientific training, the most di-
rect information, information can be divided into three
types, namely, the use of information before the game,
game information and game information. Before the
game, trainers and policy makers could be based on sta-
tistical data to understand the players and the team's basic
information about competitors, individually and collec-
tively, basic conditions for development of targeted train-
ing programs to develop the team's technical and tactical
play, do know thy enemy and know thyself, and targeted.
In the game, the trainers can be timely feedback game
statistics with the command and do contingency. After
the game, coaches, athletes, researchers and policy mak-
ers, etc. can be used in combination with the statistical
data for after the game.

2. The Data Assisted Volleyball Match Re-
search Pattern

2.1. Data assisted volleyball match research pattern

2.1.1. Components and the details

Establishing a 3D solid model for athletes. The athlete's
modeling uses Pro E modeling software to model each
part of the body. Then the data of the Pro E model is
converted into the data needed in the program to com-
plete the athlete’'s human body modeling.

Coach interface is divided into two parts: volleyball
movement dialog and player activity dialog. The player
activity dialog box is used to enter the movement of each
player in an attack. Here, we can choose whether to enter
the six players, whether it is one or two, whether it is an
attack or a cover. In the lower dialog box, we can further
detail the parameters of the player's activities.

The motion process is calculated according to the given
parameters. This is the core of the whole program design.
First, the basic posture of human is established, and then
the motion process is combined by using basic attitude.
People's basic attitudes include standing upright, squat-
ting, walking posture, jumping posture and other special
features in volleyball. The combined actions include
some necessary actions such as moving, jumping, one
pass, second pass, with the attack and so on.

In volleyball competitions, the results of the analysis of
on-the-spot technical and tactical data are the important
basis for strategic deployment of coaches. Therefore, the
collection, statistics, and analysis of on-the-spot technical
and tactical data have also become a key factor affecting
coaches' decision-making. However, it is difficult to rely
on manual work to complete statistical work on data. Due
to the speed constraints, it is impossible to record large
amounts of comprehensive and accurate data, and it is
even more impossible to perform scientific systems on
the collected data within a limited time. The analysis
cannot meet the data requirements for scientific guidance.
Coaches can only rely on experience and less data to
guide the use of computers for statistical analysis is a
way to solve this problem. However, there are also sev-
eral problems:

Data collection. Since volleyball is a turn to change the
score, in the course of each round, there are two teams of
12 athletes on the field. The volleyball exercise requires
high speed, which also makes the recorder must be in a
very short time. Recording the situation on the field, in-
cluding the number of players, the ball's landing area,
and a series of data on tactics, etc., requires high real-
time performance.

Analysis of data. Since there are many tactical changes
and accidents in volleyball, it is necessary to prevent the
possibility of making erroneous analysis results based on
a small amount of data. There is a high requirement for
the ability of the system to analyze data. It is more and
more necessary to apply the data mining algorithm to the
technical and tactical analysis of volleyball competitions.
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Figure 2. The volleyball regulations

3. Application Analysis of Data Mining Al-
gorithm in Analysis of Techniques and Tac-
tics of VVolleyball Matches

3.1. Data mining algorithm

Data mining emerged in the late 1980s and is a new field
of application value in database research. It is a cross-
disciplinary discipline that integrates artificial intelli-
gence, database technology, pattern recognition, machine
learning, statistics, and data visualization. And other
fields of theory and technology. At the KDD96 interna-
tional conference, according to the elucidation of well-
known scholars in the field of knowledge discovery, a
uniformly accepted definition of knowledge discovery
(KDD) is expressed as: “The implications for the data-
base are unknown, potentially valuable, non-trivial pat-
terns. extract". It is generally considered that data mining
is a major process of knowledge discovery and does not
make a strict distinction between the two. According to
the definition proposed by frawley and shapir et al., data
mining (Data Mining) refers to the extraction of hidden
data from a large number of incomplete, noisy, fuzzy,
and random data that people do not know in advance. But
is potentially a useful process of information and know-
ledge. Its processing of data is not limited to queries and
access, but it can also find potential connections between
data. This definition includes several layers of meaning:
Data is the "source" of data mining. They come from
databases, data warehouses, certain non-database systems,
and network data. Data sources must be real and numer-
ous; the result of data mining is the user experience. In-
terested, conceptual knowledge: Discovered knowledge

needs to be acceptable, understandable, applicable, and
support specific problem discovery.
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The system reliability difference calculation method is:
After the system reliability is calculated, a small incre-
ment is added to each item in the state transition proba-
bility matrix, and then the system is recalculated by using
the state transition probability matrix added to the incre-
ment. The difference between the reliability and the front
and rear system reliability is the system reliability differ-
ence. The larger the difference, the greater the influence
of the state transition process corresponding to the value
that is currently changed in the state transition probability
on the system reliability.

3.2. Application of data mining in sports field

Association rules are rules that describe different associa-
tions between different data items in a database. The dis-
covery process is generally divided into two steps: fre-
guent item set acquisition and rule generation. Associa-
tion rule mining is to find the hidden association rules
among the itemsets in the database through association
analysis, and combine the existing information to specu-
late on the unknown issues.

Rough set theory can be used to find inaccurate data or
structural relationships within noise data. It was proposed
by Polish scholar Z. Pawlak et al. in the 1970s. The ad-
vantage of this method is that it does not need to provide
any information other than the analysis data. This method
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is widely used for the classification and acquisition of
uncertain or incomplete information, and the description
of the analyzed problems is also more objective.

In competitive sports, the technical and tactical analysis
of various items will generate a large amount of data. The
traditional methods of competition analysis are generally
based on artificial observation of competitions, mathe-
matical statistics combined with the experience of re-
searchers, and it is difficult to draw conclusions on the
science. Therefore, it has certain limitations. With the
development of computer technology, the reduction of
manual input and the refinement of technical and tactical
analysis have driven the development of technical and
tactical collection and analysis systems, such as table
tennis, tennis, football and fencing, jointly developed by
Tongji University and Shanghai Institute of Physical
Education. The technical and tactical collection and anal-
ysis system has helped coaches accumulate a large
amount of technical and tactical data for further analysis
of technical and tactical mining. At present, the applica-
tion of data mining in technical and tactical diagnostic
analysis mainly focuses on the analysis of the athlete's
own technical and tactical features, analysis of the advan-
tages and disadvantages of different opponents, the anal-
ysis of the technical and tactical characteristics of the
opponents, and the maximum win-loss technique for con-
secutive shots the tactical sequence, the influence of the
various technical and tactical indicators on the winning
weight of the game, the mathematical analog diagnosis of
ball games, etc.

3.3. Application of data mining in volleyball competi-
tion

In order to collect the data needed to implement the data
mining algorithm, it is necessary to record the execution
process of each technical action in the volleyball game.
Due to the fact that the tactical movements of the athletes
in the game change more and the various actions are
completed in an instant, the process of recording the
game is challenging. Mentioned earlier in the software
Data Volleyball designed by the Italian Data Project
company, in order to solve this problem, a process-based
script description language was designed. The language
uses the mnemonic method to encode basic technical
moves in volleyball matches. However, this script de-
scription language design method requires the recorder to
record a series of information including the player's
number, technical action, type of technology, starting
area, and ending area in a situation where the situation on
the game site changes rapidly. This makes the recorder’s
workload a lot.

In order to collect game data more quickly and accurately,
it is necessary to design a pattern-based script description
language. The so-called pattern-based script description
language means that: Since the tactics used by both sides

of the game in high-level volleyball matches have a cer-
tain number of patterns, these patterns can be used as
some fixed formulas in the script description language
design process. Only a small amount of information on
this mode is required during the user's recording of the
game, and other information can be inferred based on the
tactical rules of the volleyball game.

In the aspect of acquisition mode, the main advantage of
the keyboard acquisition mode is that the acquisition
speed is faster. The disadvantage is that the accuracy is
slightly lower than the mouse acquisition. The mouse
acquisition has advantages in the accuracy of acquisition,
but because of the limited acquisition interface, it cannot
cover all the scripts, so it has certain limitations. In this
scenario, the combination of mouse acquisition and key-
board acquisition is used to improve the collection effi-
ciency.

Since the pattern-based script description language is
designed for technical and tactical information, it is ne-
cessary to classify and integrate the collected data and
integrate the data existing in different data tables into a
new, small-scale data warehouse. The separation of data
warehouse and operational database is due to the differ-
ent structure, content and usage of data in these two sys-
tems. Decision support requires historical data, while
operational databases generally do not maintain historical
data. In this case, although the data in the operation data-
base is very rich, it is often not enough for decision-
making. Different data types, such as offensive and de-
fensive processes, will generate different data ware-
houses.

The volleyball technical and tactical analysis system rea-
lizes an on-the-spot technical and tactical statistical anal-
ysis system for volleyball matches that integratethe data
acquisition, data statistics, data analysis, data manage-
ment, and video management functions. Through this
software, coaches can use the computer to record and
analyze the purpose of the game data to provide technical
support for coaches' strategy formulation. Its main con-
tents include: the application of data collection and asso-
ciation rules analysis in volleyball competitions, and the
application of data mining algorithms based on Markov
process in the analysis of tactics and tactics of activi-
ties.The application of the "dual-division" training me-
thod in the training of lesser men's volleyball requires
that the training concept of "teaching according to indi-
vidual aptitude" should be established first, and training
activities should be carried out in accordance with the
actual abilities of the athletes. The training of sportsman-
ship should be emphasized and the volleyball skills of the
younger men's volleyball players should be promoted
considered overall improvement of mental quality. Be-
fore training, first of all, through certain tests, we can
understand the current actual ability of each athlete, must
not be arbitrarily divided, should pay attention to the es-
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tablishment of "in accordance with their aptitude™ train-
ing concept, the volleyball skill level uneven athletes,
according to actual ability Uniformly, establish different
training goals, training methods and training require-

ments. In addition, this "grouping” and “stratification"
are not immutable, and they need to be adjusted and
changed in accordance with the actual performance and
learning of the younger men's volleyball players.

Single gender & double gender

events

Single elimination or double
elimimation format

5th match or golden set played
in any combination of the 4
players from the same country

()

Country vs. country, in the
“best of five” matches

In case of a tie, golden set until
15 points (with a 2 point iead)

Forthe “golden set” the
captain of the country decides
which athlete plays

Figure 3. The training tips for reference

Therefore, for the training, the training patterns are sum-
marized into some aspects. In the process of volleyball
training for younger men, the coach can establish differ-
ent teaching goals and develop different teaching con-
tents according to the actual abilities of the athletes. For
example, in the process of instructing students on the A-
level to perform volleyball training, the A-level athletes
may be required to be proficient in learning various vol-
leyball skills while maintaining the stability of the skills
and the coordination of the movements. While conti-
nuously improving the overall strength of the A-layer
athletes, more potential athletes will be tapped.In guiding
B layer of volleyball skills training in the process of the
athletes, coaches can ask the B level athletes focus to
strengthen the mastery level of volleyball skills and flex-
ible application level, to carry out a lot of the training
activities to improve B layer of the comprehensive ability
of athletes. In the course of coaching c-layer athletes in
the training of volleyball skills, the coach can combine
the game activities with the volleyball training by carry-
ing out some interesting and the competitive game activi-
ties.

A technical and tactical algorithm development kit was
introduced into the technical and tactical analysis system,
and a comprehensive analysis module was added to the
original system. Dig up the collected game data and ex-
tract useful information to guide the game according to
the laboratory's existing table tennis technical and tactical
systems and volleyball tactics analysis system. In the
table tennis tactics analysis system, mining algorithms
such as association rule analysis, cluster analysis and data

mining method based on Markov process are mainly used.

In the volleyball analysis system, mining algorithms such
as association rules analysis and data mining methods
based on Markov process are used.

Data mining is an information technology with rich prac-
ticality and powerful vitality. Its application in the sports
field has a certain extent, but it also shows some prob-
lems in practical applications. The R&D team in the
sports field is usually composed of sports science and
technology personnel who master the characteristics of
sports items and technical and tactical characteristics, and
information technology personnel who master data min-
ing technologies. In the process of completing research
projects, it takes a lot of time and effort to communicate
and coordinate. There is a shortage of composite sports
science and technology personnel who are familiar with
sports project knowledge and are familiar with data min-
ing technology.

4. Conclusion

This paper studies the difficulties of data mining algo-
rithms applied to sports computing, and proposes a pro-
gram to analyze the technical skills of volleyball matches
based on Markov process data mining algorithms. The
program improves the collection efficiency by searching
for frequent scripts during the data collection process. In
the process of data preprocessing, a method of setting
thresholds is proposed to make the data satisfy the algo-
rithm application conditions. With the continuous devel-
opment of data mining technology and continuous re-
search by sports science and technology personnel, both
the theoretical research of data mining in sports and the
development of practical data mining tools can bring
great convenience to sports management decision-
making and scientific research and considerable benefits.
Therefore, only by successfully solving the above prob-
lems that can data mining technology play a greater role
in the scientific development of the sports field, and it
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can have a broader development prospect in the sports
field.

References

[t

[2]

(3]

[4]

[5]

(6]

Wang Z. An optimized data mining algorithm application in
volleyball match technique and competition tactics analysis.
BoletinTécnico. 2017, 55(17), 109.

Giannopoulos N., Vagenas G., Noutsos K. Barzouka K.,
Bergeles N. Somatotype, level of competition, and performance
in attack in elite male volleyball. Journal of Human Kinetics.
2017, 58(1), 131-140.

Sato K., Watanabe K., Mizuno S., Manabe M., Yano H., Iwata H.

Development and assessment of a block machine for volleyball
attack training. Advanced Robotics. 2017, 31(21), 1144-1156.

Zhang S., Wang H., Huang W., You Z. Plant diseased leaf
segmentation and recognition by fusion of superpixel, K-means
and PHOG. Optik-International Journal for Light and Electron
Optics. 2018, 157, 866-872.

Benson AJ., Eys M. Understanding the consequences of
newcomer integration processes: the sport team socialization
tactics questionnaire. Journal of Sport and Exercise Psychology.
2017, 39(1), 13-28.

Garcia-Ordofiez E., Tourifio-Gonzalez C., Iglesias-Pérez M.D.C.
Effects of situational variables on offensive performance

(7]

(8]

(9]

[10]

[11]

[12]

indicators in elite water polo. International Journal of
Performance Analysis in Sport. 2017, 17(1-2), 164-176.

Yang Y., Li D. Robust player detection and tracking in broadcast
soccer video based on enhanced particle filter. Journal of Visual
Communication and Image Representation. 2017, 46, 81-94.

Schrapf N., Alsaied S., Tilp M. Tactical interaction of offensive
and defensive teams in team handball analysed by artificial
neural networks. Mathematical and Computer Modelling of
Dynamical Systems. 2017, 23(4), 363-371.

Hastie P.A., Ward J.K., Brock S.J. Effect of graded competition
on student opportunities for participation and success rates
during a season of Sport Education. Physical Education and
Sport Pedagogy. 2017, 22(3), 316-327.

Leite W.S., Almeida C.H. Competitive-level and mid-term
effects on the magnitude of home advantage in portuguese futsal.
International Journal of Performance Analysis in Sport. 2018,
18(1), 184-194.

Huang J., Yan E., Cheung G., Nagappan N., Zimmermann T.
Master maker: Understanding gaming skill through practice and
habit from gameplay behavior. Topics in Cognitive Science.
2018, 9(2), 437-466.

Sotomayor A. Caribbean soccer: hispanoamericanismo and the
identity politics of futbol in puerto rico 1898-1920s. The Latin
Americanist. 2017, 61(2), 193-224.

29



	References

