
A Method for Integrating Sports Information
Resources Based on Fuzzy Clustering Algorithm

Xiaoxian Xu1(B) and Qiao Wu2

1 Physical Education Department, Xi’an Shiyou University, Xi’an 710065, China
13289273723@163.com

2 Changchun University of Architecture and Engineering, Changchun 130119, China

Abstract. To improve the accuracy of sports information resource integration, a
fuzzy clustering algorithm based method for sports information resource integra-
tion is studied. First, classify the sports information resources. According to the
classification results of resources, build the sports information resource model.
Use different sports concepts as nodes and their relationships as edges to build the
concept network model. Based on the concept network model, denoise the sports
information data. Based on the denoised sports information data, use the fuzzy
clustering algorithm to cluster the sports information cluster analysis, Obtain rel-
evant clusters of data, and then adjust the clustering algorithm parameters accord-
ingly through statistical analysis of the clustering results to obtain accurate and
effective integration results of sports information resources. The experimental
results show that the accuracy of sports information integration in this method is
the highest at 98%, the recall rate is the highest at 96%, the F1 is the highest at
0.97, and the longest time is 3.77 s, indicating the practicality of this method.

Keywords: Sports information resources · Fuzzy clustering algorithm ·
Conceptual network model

1 Introduction

In contemporary society, sports competitions have gradually developed from a simple
sports event to providing entertainment and commercial value for people [1, 2]. Sports
competitions [3, 4] are no longer just pure competitions between individuals and teams,
but there are many factors and issues that need to be considered. Sports information
resources are generated to address these issues. It is also closely related to sports, training,
management, and business [5]. Firstly, in terms of sports, sports information resources
can help players and coaches better understand their opponents’ tactics and lineup, in
order to respond faster and more accurately. In terms of training, sports information
resources can provide more data and statistical results, which can be compared with past
experience and judgments, helping coaches better improve and adjust training plans to
improve the level of athletes. In terms of management, sports information resources can
provide more useful information for event organizers and management institutions. For
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example, TV broadcast data, event ticket booking, etc. [6]. By analyzing this data, man-
agers can develop better marketing strategies, increase advertising revenue, and better
operate competitions.In terms of business, with the increasing popularity of sports com-
petitions, more and more enterprises and brands have noticed the commercial value of
sports events and have invested in the precise marketing strategy of sports events. At this
time, sports information resources have become particularly important [7]. Through the
use of sports information resources, major brands can obtain more user data and traffic,
improve brand value and brand influence, and enhance the stickiness with consumers.
In short, sports information resources play a very important role in promoting the devel-
opment of sports industry. The accuracy and timeliness of sports information resources
are directly related to the smooth development of sports events, the healthy development
of sports industry and the audience’s feeling of watching sports events.

Therefore, the integration of sports information resources is a very important part
of the current development of the sports industry. With the continuous development
and popularization of computer technology and information network technology, sports
information resources now widely cover athlete personal information, technical and tac-
tical data, competition videos, ticket sales, marketing, news reports, and other aspects
of information [8]. However, these different types of information are usually stored
in different databases, using different systems and platforms, and cannot be shared or
interacted with each other. Therefore, integrating various sports information resources
is very important for promoting the development of the sports industry and improving
the level and quality of sports. Effective integration of sports information resources can
improve data validity: Data from different sources often have problems such as duplica-
tion, missing, and errors. After integration, it can effectively eliminate duplication, fill
in gaps, verify, and improve the reliability and effectiveness of the data. Ability to better
analyze and predict: The integrated data is richer and more comprehensive, enabling
better data mining and analysis, and making predictions and analyses on the perfor-
mance of sports athletes, event results, etc. Can provide support for management and
decision-making: The integrated data can provide basic data for personnel engaged in
sports management and decision-making, analyzing trends and needs, formulating better
plans and decisions, and better meeting the needs of athletes and spectators. Can improve
efficiency and reduce costs: The integration of sports information resources can realize
the automatic collection, processing and sharing of data, reduce the duplication of work,
improve work efficiency, and reduce the cost of data management and processing. Can
promotemarketing: Integrated data can provide strong support for themarketing of sports
industry, promote sports events and brands, and provide better commercialization oppor-
tunities for sports enterprises. In short, the integration of sports information resources is
very important for comprehensively improving themanagement and competitive level of
sports, promoting the healthy development of sports industry and realizing the sustain-
able development goals. Some relevant researchers have studied the integration methods
of sports information resources, for example, literature [9] proposes the integration study
of college sports teaching and ethnic traditional sports resources, literature [10] proposes
the optimization and integration of Chinese ice and snow sports resources based on the
perspective of H-O-S theory, but the accuracy of the above methods is low, which affects
the effect of sports information integration.
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The fuzzy clustering algorithmcan process fuzzy data and handle fuzzy and uncertain
data without the need to divide the data into clear categories. At the same time, it has
a certain degree of flexibility, and the clustering results obtained by fuzzy clustering
algorithms can be fuzzy, rather than unique hard classification results. This makes the
clustering results more flexible and can better reflect the similarity between data. And
the anti noise ability is strong: the fuzzy clustering algorithm has a strong ability to resist
outlier and noise. Suitable for data analysis and processing in various fields. This article
studies the integration method of sports information resources based on fuzzy clustering
algorithm.

2 Research on Sports Information Resource Integration Based
on Fuzzy Clustering Algorithm

2.1 Classification of Sports Information Resources

Sports information resources refer to various data and information related to the field of
sports, which can be used to support various decisions and activities, including but not
limited to athlete personal data, competition results, event arrangements, schedule, player
data, hot topics, historical records and trend analysis. We can analyze the characteristics
of excellent athletes, factors that win in competitions, historical development trends of
sports events, et al. [11]. Sports information resources can be classified according to
different dimensions, and the following are some common classification methods:

1. Competitive events: including football, basketball, volleyball, track and field,
swimming and other kinds of sports.

2. Event type: including professional league, national championship, World Champi-
onship, Olympic Games, World Cup and other types of sports events.

3. Data types: including game results, player data, team data, tactical analysis, technical
statistics and other different types of data.

4. Data sources: including official data, third-party data, social media data and other
types of data sources.

5. Time dimension: including historical data, real-time data, forecast data and other data
of different time dimensions.

6. Business applications: including sports analysis, data analysis, media reports, on-site
operation of sports events, event promotion and other business applications.

Different classification methods can provide demand oriented data extraction and
integration for different business needs, meeting the data needs in different scenarios.
The above classification process has completed the classification of sports information
resources, laying a solid foundation for the subsequent construction of sports information
resource models.

2.2 Construction of Sports Information Resource Model

Based on the above classification results of sports information resources, the model of
sports information resources is constructed. The conceptual networkmodel is a computer
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model that simulates the structure of human knowledge. The purpose of constructing
sports information resource model is to prepare for the introduction of fuzzy cluster-
ing algorithm and the construction of sports information resource integration method.
The better the sports information resource model, the better the integration effect. The
core idea of the model is to express knowledge as concepts, and to construct knowledge
network by expressing the relationship between concepts. Conceptual network model,
also known as conceptual map model, is a graphical model that represents concepts and
their relationships. It can be mainly used for knowledge management and knowledge
representation. It can help people organize complex knowledge and information, and
facilitate people to understand and use these knowledge and information [12]. It can
also be used in the fields of natural language processing, information retrieval, text clas-
sification and machine translation. In this paper, the concept network model is adopted
to construct the sports information resource model.

The conceptual network consists of nodes and arcs. Construct a conceptual network
model by using different sports concepts as nodes and their relationships as edges.
The network includes two types of nodes: concept nodes and document nodes. The arc
connecting nodes expresses the correlation between nodes and quantifies the strength of
the relationship using weights [13]. Set the concept node set as:

C = (c1, c2, · · · , cn) (1)

The document node set is:

D = (d1, d2, · · · , dn) (2)

ci
μ→ cj represents the correlation weight between concept nodes ci and cj as μ, which

can also be expressed as f
(
ci, cj

) = μ. di
η→ cj represents the correlationweight between

di and concept cj as η, which can also be expressed as f
(
di, cj

) = η.
Rule 1: If there are nodes ci, cj and ck , the weight of the correlation relation between

f (ci, ck) = α, f
(
ck , cj

) = β, ci and cj is F(ci, ck) = min(α, β).
Rule 2: If multiple paths are connected between node ci and cj, the correlation

between ci and cj is the maximum path weight. The conceptual network model is shown
in Fig. 1 below.

As shown in Fig. 1, the basic elements of the conceptual network model are mainly
divided into two categories: nodes and edges.

A node represents a concept or entity, usually represented by text or icons. Nodes
may include the following content: name, description, attributes, and labels. The specific
element content is shown in Table 1.

Edges represent relationships or connections between nodes. Edges can also have
attributes. There are several common types of edges: associative edges, inherited edges,
combined edges, and aggregated edges. The specific element content is shown in Table 2.

Building a sports information resourcemodel based on the above element content, the
specific process is as follows: Document d is preprocessed (word segmentation, removal
of stop words) and represented as keyword set T = {t1, t2, · · · , tn}. The frequency
of each keyword appearing in the main text, title, keyword, hyperlink, and hyperlink



A Method for Integrating Sports Information Resources 7

Fig. 1. Schematic diagram of conceptual network model

Table 1. Main elements of conceptual network model nodes

Element Element content

Name The name of the concept or entity that the node represents

Description Description of a concept or entity corresponding to a node, including text,
pictures, or videos

Attribute Attributes of the concept or entity corresponding to the node, such as brand,
color, size, et al.

Label Nodes can use multiple labels to identify and classify the concepts or categories
to which they belong

Table 2. Main elements of conceptual network model

Element Element content

Associated edge Indicates a relationship between two nodes, such as “basketball player” and
“basketball game”

Inherited edge Indicates that one node is a specialization of another node. For example,
“China National Football team” is a subclass of “Asian Cup Football match”

Combined edge Indicates that one node is a part of another node, for example, “Player v is a
component of the” Chinese Women’s Volleyball team”

Convergent edge Indicates that one node contains other nodes, but other nodes can belong to
different instances of other nodes. For example, “football team” includes
“football player”

description in the statisticalword set is represented as tfother(ti), tftitle(ti), tfkey(ti), tfurl(ti),
and tfAnchore(ti). The frequency calculation formula for keyword ti is:

tf (ti) = tfother(ti) + A1 · ftitle(ti) + A2 · fkey(ti) + A3 · furl(ti) + A4 · fanchor(ti) (3)
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where, A1, A2, A3 and A4 are adjustment coefficients. Then the formula for calculating
the weight of feature words in the document is:

wt → d(ti, d) = tf (ti) × log

(
N

df (ti)
+ 0.5

)
(4)

Among them, df (ti) represents the number of documents containing keyword ti, and
N represents the total number of documents.Words are themanifestation of concepts, and
a concept node may contain multiple corresponding words. Let the words corresponding
to concept node ci form a set Ti = (t1, t2, · · · , tm), represented in vector form ci =
〈wi1,wi2, · · · ,wim〉, where wij represents the weight of keyword tj in concept node ci.
Calculate the correlation between document d and concept ci as follows:

reld→c(d , ci) =

m∑

j=1
wt→d

(
tj, d

) + wt→c
(
tj, ci

)

Max(Tn(d),Tn(ci)) ∗ 2
(5)

In the formula, wt→c
(
tj, cj

)
represents the weight of keyword tj in concept node ci,

Tn(d) represents the total weight of all keywords in document d , and Tn(ci) represents
the total weight of keywords contained in concept node ci.

There are semantic associations between words contained in the same document.
This correlation is formally manifested as the co-occurrence of words [14]. We use
these phenomena to find correlations between concepts. Some samples are selected to
constitute sample set S, S = (S1, S2, · · · , SM ) and M as the number of documents.
Set the concept node set C = (c1, c2, · · · , cn), and calculate the correlation between
the documents in the sample set and the concept node. For concept node ci, its corre-
lation with the document can be expressed in vector form: ci = 〈e1i, e2i, · · · , eMi〉, eji
represents the correlation between document dj and concept node ci. The formula for
calculating the correlation between conceptual nodes ci and cj is:

relc→c(ci, ci) =

M∑

k=1
ekiekj

√
M∑

k=1
e2ki

M∑

k=1
e2kj

(6)

The generation of concept nodes in conceptual networks can be achieved through
two methods: clustering and gradual addition. When using clustering methods, each
keyword in the initial stage corresponds to an independent concept node. Calculate the
correlation of concept nodes, and according to the set threshold, concept nodes with
correlation exceeding the threshold are merged into new nodes.

Gradually add methods to implement concept mapping using HowNet. CNKI is a
common sense knowledge base based on concepts and their characteristics, revealing
the relationships between concepts and the characteristics they possess. CNKI describes
various relationships between concepts and their attributes. By querying CNKI, we
can obtain the concepts corresponding to feature words. We map the keywords in the
document to the corresponding concepts. Due to the existence of multiple semantics
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in some feature words, there may be a one-to-many mapping situation, so auxiliary
processes need to be taken to confirm the correct conceptual mapping relationship.

Define co-occurrence: If feature words x and y appear in the same sentence in
document di, they are considered co-occurrence, and the expression of interword
co-occurrence rate CO is as follows:

CO(x, y) = freq(x, y)

freq(x) + freq(y)
(7)

Among them, freq(x, y) is the number of sentences where the feature word x and
y co appear, and freq(x) is the number of sentences where the feature word x appears.
Document feature word set T = {t1, t2, · · ·}, co-occurrence feature word set for feature
word ti ∈ T with multiple mapping relationships:

TCO(ti) = {
tj
∣∣CO

(
ti, tj

) ≥ ψ
}

(8)

ψ is the default threshold. The concept of ti is c1, c2,… ck . The feature word ti
belongs to the concept ci. The possibility is calculated as:

pti(ci) =
∑

tk∈TCO(ti)

CO(ti, tk)δrel(ci,C(tk )) (9)

Among them,

drel(ci,cj) =

⎧
⎪⎪⎨

⎪⎪⎩

0.7
0.5
0.2
0.1

ciand cj are co-occurrence concepts
ciand cj are agents or beneficiaries

ciand cj are synonymous
other

(10)

Among them, C(x) represents the concept of feature word x. Choose the concept
with the highest degree of membership as its feature word.

For concept node c, the page set is:

D(c) = {d |d ∈ D, reld→c(d , c) > λ } (11)

λ indicates the threshold. According to the above page set, calculate the weight of
the key words corresponding to the concept node:

wt→c(ti, c) =

∑

dj∈D(c)
wt→d

(
ti, dj

)

m
(12)

In the formula, m is the number of documents in document set D(c). Normalize the
wt→c(ti, c) value.

Weights can reflect the importance or relevance of a keyword in a specific text or
field. Finally, we can calculate theweight of each concept node as the sumof the keyword
weights contained in its label. This can obtain an indicator that reflects the importance
or correlation of nodes in the conceptual network. By labeling and weight calculation of
nodes mentioned above, we can obtain a more comprehensive and accurate conceptual
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networkmodel, and canmore effectively apply sports information resourcemodelswhen
processing large amounts of data and conducting complex reasoning. Based on the above
process, the construction of a sports information resource model was completed, and
support was provided for the subsequent preprocessing of sports information resources.
In the process of building the sports information resource model, this paper labels the
information nodes, combines theweights, and optimizes the correlation between concept
nodes to build the feature word set of sports information resources. In order to further
optimize the resource model, the weights of the keywords corresponding to the concept
nodes are further determined. A more perfect sports information resource model is
constructed.

2.3 Preprocessing of Sports Information Resources

There is often some noise in sports information resources, which affects the integration
of sports information resources, so it is necessary to preprocess and reduce the noise
of resources. Based on the model of sports information resources, the representation
form of sports information resources is determined. According to the representation
form of sports information resources, the denoising process of sports information data
is carried out using the principle of wavelet transform [15, 16]. In general, the data
after wavelet transform consists of two parts. Are respectively the low frequency part
corresponding to the effective signal and the high frequency part corresponding to the
noise. Therefore, when usingwavelet transform to denoise data, an appropriate threshold
should be selected to control the denoising accuracy.The expression of threshold function
is as follows:

ŵi,k =
{
wj,k ,

∣∣wj,k
∣∣ ≥ λ

0,
∣∣wj,k

∣∣ < λ′ (13)

where, wj,k is the wavelet coefficient after threshold processing, λ = δn
√
2 lnN and δn

are the standard deviation of noise, and N is the number of discrete points.
Let the observation data be f (t), which can be expressed as the combination of the

original data s(t) and noise n(t), namely f (t) = s(t) + n(t). The objective of wavelet
denoising is to estimate the original signal s(t) and remove the noise n(t), which can be
achieved by the following formula:

ŝ(t) =
J∑

j=1

2j−1∑

k=0

wthresh
(∣∣Wj,k(f (t))

∣∣ − λjWj,k(f (t))
)

(14)

Based on the above content, complete the preprocessing of sports information data,
laying the foundation for the subsequent integration of sports information resources.

2.4 Sports Information Resource Integration Based on Fuzzy Clustering
Algorithm

In order to improve the integration effect of sports information resources, fuzzy clustering
algorithm [17–19] is introduced. Based on the above preprocessed sports information
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data, the fuzzy clustering algorithm is used to cluster the sports information cluster
analysis to obtain the relevant clusters of the data. Then, through the statistical analysis
of the clustering results, the clustering algorithm parameters are adjusted accordingly to
obtain more accurate and effective clustering results.

Due to the numerous factors that affect the integration of sports information
resources, and the significant correlation between each factor and the integration of sports
information resources, different aspects of the impact are comprehensively considered,
and the representativeness and comparability in the resource classification process are
followed to determine the clustering objects and related indicators. Based on the clas-
sification results of sports information resources mentioned above, select a clustering
center, which is the basis for resource classification.Assume that the given data set is
X = (x1, x2, . . . , xN ), that is, the data set contains N samples, where xj(j = 1, 2, . . . ,N )

is a D-dimensional data point. If the data set X is considered to be classified into class C,
V = (v1, v2, . . . , vc) represents the clustering center. According to membership matrix
uij, each data point is assigned to C clustering centers. uij represents the probability
that the j data point belongs to the i clustering center, where uij ∈ [0, 1] can reflect the
probability of the data point belonging to the corresponding category according to the
probability. The membership function also needs to satisfy

∑c
i=1 uij = 1, that is, the

sum of probabilities from a pixel point to each cluster center is always equal to 1. After
the membership matrix is determined, each pixel can be divided into the category with
the largest corresponding membership value according to the principle of maximum
similarity, as shown in Fig. 2.

Fig. 2. Schematic diagram of pixel membership division

Among them, the membership value is inversely proportional to the distance, and
the distance between data points xj and c2 is larger, resulting in smaller membership
values. Therefore, xj is classified into the category where c1 belongs. The similarity of
similar data points in the final clustering results is higher, while the similarity of data
points in different classes is lower. Based on the fuzzy C-means clustering algorithm,
an alternating iteration scheme is used to minimize the objective function J to obtain the
optimal segmentation result.Among them, the objective function represents theweighted
sum of Euclidean distances from the data point to the corresponding clustering center.
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The definition formula of objective function J is as follows:

J (U ,V ) =
C∑

i=1

N∑

j=1

umij
∥∥xj − vi

∥∥2 (15)

where, m is a membership weighted value, which can be set artificially. Generally
speaking, m is 2 according to experimental experience. Membership degree must meet:
∑C

i=1 uij = 1,∀j ∈ {1, 2, . . . ,N }. vi represents the i cluster center, and
∥∥xj − vi

∥∥2

represents the Euclidean distance between data points and the cluster center. A better
clustering result is represented by a smaller distance between data points in one category
and a larger distance between data points in different categories. So the iterative process
is constantly adjusting the membership to minimize the weight and objective function J.
Firstly, the membership degree is calculated and then the clustering center is calculated,
and then the membership degree is recalculated. Then the membership degree is iterated
until the clustering center and the membership matrix do not change too much. The
optimal conditions for the implementation of each iteration are as follows:

⎧
⎪⎪⎨

⎪⎪⎩

U (t+1) = argmin
U

J (FCM )
m

{
U ,V (t)

}

U

U (t+1) = argmin
V

J (FCM )
m

{
U (t+1),V

} (16)

Among them, t represents the iteration step. Usually, random initialization is used
to obtain U (0) or V (0), and then alternating updates are made.

U and V until convergence. Due to the constraint conditions of the membership
function being:

∑C
i=1 uij = 1,∀j ∈ {1, 2, . . . ,N }. Therefore, the Lagrangian factor can

be introduced to solve the objective function J:

L
(
uij, vi

) =
C∑

i=1

N∑

j=1

umij
∥∥xj − vi

∥∥2 − λ

(
C∑

i=1

uij − 1

)

(17)

where the undetermined coefficient λ is the Lagrange factor. In this way, the minimum
problem of objective function J with respect to membership function uij can be trans-
formed into the minimum problem of function L

(
uij, vi

)
. According to the constraints

of the membership function [20], it can be obtained:

λ = m

[∥
∥xj − vi

∥
∥

2
m−1

]m−1

(18)

By incorporating formula (14) into formula (13), the iterative formula for the
membership function uij can be obtained:

uij =
C∑

l=1

(∥∥xj − vi
∥∥

∥∥xj − vl
∥∥

) −2
m−1

(19)
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The iterative formula of cluster center vi can be obtained by differentiating vi:

vi =
∑N

j=1 u
m
ij xj

∑N
j=1 u

m
ij

(20)

The fuzzy C-means clustering algorithm usually initializes the membership matrix
U randomly in the process of algorithm iteration, obtains the cluster center matrix V
through formula (20), and then updates U, so as to iterate repeatedly to obtain the
solution of the objective function J. In summary, the algorithm flowchart of the fuzzy
C-means algorithm is shown in Fig. 3.

Fig. 3. Algorithm flowchart of fuzzy C-means algorithm

Before iteration, the clustering algorithm initializes two clustering centers, and then
updates the membership matrix continuously according to iteration operation, and then
updates the clustering centers according to the updated membership function until the
iteration stop condition set by the initial parameter is satisfied, the algorithm stops itera-
tion and outputs the clustering result, which is the integration result of sports information
resources. It can help to improve the efficiency of sports information resources. At this
point, the design of sports information resource integration method based on fuzzy clus-
tering algorithm has been completed, which classifies sports information resources and
considers the influence of resource model on resource integration effect. Therefore,
the sports information resource model is constructed by introducing weight algorithm,
labeling processing and correlation calculation, and considering the existence of certain
noise in sports information resources. It seriously affects the integration effect. There-
fore, before introducing the fuzzy clustering algorithm, the wavelet transform algorithm
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is introduced to preprocess the sports information resources and introduce the fuzzy clus-
tering algorithm. Through the combination of these algorithms, the integration method
of sports information resources is constructed and the integration effect is improved.

3 Experimental Analysis

3.1 Preparation for Experiment

This article is based on the integration method of sports information resources using
fuzzy clustering algorithm for sports information resource integration. To verify the
performance of this method, experimental tests were conducted using the integration
research of university sports teaching and ethnic traditional sports resources (Method
1) and the optimization and integration of China’s ice and snow sports resources based
on the H-O-S theory perspective (Method 2) as comparative methods. Retrieve sports
information resources through a database for experimental testing. This experiment
adopts the sports special database, which has collected all kinds of sports resources since
the establishment of People’s Sports Publishing House, divided into seven categories:
classic textbooks, academic monographs, competition rules and judging laws, sports
videos, sports books, sports dictionaries, Olympic channels, and more than 100 series.
The library contains more than 600 kinds of teaching materials, 2,269 kinds of academic
books, more than 700 kinds of public books, more than 1,000 kinds of videos, more than
90,000 professional entries, and more than 4,000 professional example sentences and
phrases. The database content is systematic and thematic. And the database combined
with the requirements of the new national curriculum standards, through video, books,
monographs, sports dictionaries, competition rules, referee law, and Olympic topics and
other forms of all-round display in sports teaching, research and daily application of
resources. In order to verify the data security performance and sharing time efficiency
of the method proposed in this article, the entire experiment needs to be completed on
a powerful server. The server software and hardware parameters are shown in the table
below (Table 3).

Table 3. Software and hardware parameters of the server

Parameter Model number

Server Inter(R)Core(TM)i7-7700HQ CPU@3.8 GHz

Database MySQL 5.5

Database management tool Navicat

Environment D2RO, D2R Server

Code writing software platform Python 4.8

Memory 512G

Operating system Windows10
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3.2 Experimental Indicators

The accuracy of sports information resource integration is generally quantitatively eval-
uated using evaluation indicators such as Precision, Recall, and F1 in the field of
information retrieval.

Among them, Precision represents the ratio of the number of relevant resources
retrieved to the number of all resources retrieved, expressing the proportion of relevant
information content in the search results. The closer it is to 1, the more truly relevant
resources in the search results, that is, the more accurate the search results are. The
calculation formula is:

P = TP

(TP + FP)
(21)

TP (True Positive) indicates the number of resources retrieved correctly, and FP
(False Positive) indicates the number of resources retrieved incorrectly.

Recall refers to the ratio between the number of retrieved resources and the actual
number of all relevant resources, that is, the number of retrieved resources. The closer it
is to 1, the more truly relevant resources can be found, that is, the more comprehensive
the search results. The formula is as follows:

Recall = TP/(TP + FN)

R = TP

(TP + FN )
(22)

Among them, FN (False Negative) represents the actual number of related resources
that exist but cannot be retrieved.

F1 value is the weighted harmonic mean of Precision and Recall, which can quantify
the accuracy and integrity of the integration results. The closer to 1, the higher the overall
accuracy and recall, and the best comprehensive evaluation effect. Its calculation formula
is:

F1 = 2 × P × R
R

(P + R)
(23)

The F1 value can be regarded as the comprehensive performance of Precision and
Recall. The larger it is, the higher the accuracy and completeness of the integrated results
will be.

3.3 System Function Test Analysis

Before verifying the performance of the sports information resource integration method
based on fuzzy clustering algorithm designed in this paper, it is necessary to ensure that
all functions of the method in this paper can operate normally, otherwise the accuracy of
the experimental analysis may be affected. Therefore, systematic functional testing and
analysis of the method in this paper are carried out, and the analysis results are shown
in Table 4.
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Table 4. Results of systematic functional test of sports information resource integration method

Serial number Test item Operation condition

1 Classification of sports information resources Normal

2 Information resource label Normal

3 Multiple semantic feature word mapping Normal

4 Sports information resources denoising Normal

5 Clustering of different types of resources Normal

6 Clustering of resources of the same type Normal

As can be seen from Table 4, all functions of the method in this paper can oper-
ate normally and have the basis for experimental analysis. During the experiment, the
operation of each module function of the method will not affect the integration effect of
sports information resources.

3.4 Accuracy of Sports Information Resource Integration

To verify the effectiveness of themethod proposed in this article, experimental tests were
conducted using the accuracy of information resource integration as the experimental
indicator. The test results are shown below.

As shown in Fig. 4, after applying the method proposed in this article, the accuracy,
recall, andF1of sports information resource integration are higher than those ofMethod1
andMethod 2.Among them, themaximumaccuracy of the sports information integration
method in this article is 98%, the maximum recall rate is 96%, and the maximum F1 is
0.97. It can be seen that the sports information integration effect of this method is the
best.

3.5 Efficiency of Sports Information Resource Integration

To further validate the practicality of the method proposed in this article, experimental
testing was conducted using the efficiency of information resource integration as the
experimental indicator. The test results are shown in Fig. 5.

As shown in Fig. 5, the integration efficiency of sports information resources after
the application of the proposed method is higher than that of methods 1 and 2. Among
them, the longest time of sports information integration of the method in this paper is
3.77 s, the longest time of the method in method 1 is 6.34 s, and the longest time of the
method in method 2 is 8.21 s. It can be seen that the method in this paper has the shortest
time of sports information integration, the highest efficiency and practicability.
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(a)Accuracy comparison result

(b) Comparison results of recall rates

(c) F1 comparison results

Fig. 4. Integration accuracy of sports information resources



18 X. Xu and Q. Wu

4

2

10

8

6

0
1 2 3 4 5 8 96 7 10

In
fo

rm
a
ti

o
n

in
te

g
ra

ti
o

n
d

u
ra

ti
o

n
/s Proposed method

Method 1

Method 2

Fig. 5. Integration efficiency of sports information resources

4 Conclusion

With the continuous development and popularization of computer technology and infor-
mation network technology, sports information resources have now widely covered ath-
letes’ personal information, game video, marketing and other aspects of information.
However, these different types of information are usually stored in different databases,
using different systems and platforms, and cannot be shared or interacted with. There-
fore, the integration of various sports information resources is very important to promote
the development of sports industry and improve the level and quality of sports. In this
regard, this paper studies the integration method of sports information resources based
on fuzzy clustering algorithm. The experimental results show that the accuracy rate of
sports information integration of the proposed method is 98%, the recall rate is 96%, the
F1 maximum is 0.97, and the longest time is 3.77 s, indicating that the proposed method
is practical.
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