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Aiming at the problems of poor average fitness, low-risk prediction accuracy, high mean square error, low-risk evaluation
precision, and long average running time of traditional sports event model evaluation and prediction methods, a sports event
model evaluation and prediction method using principal component analysis (PCA) is proposed. Sports event risk monitoring
microbase is deployed by ZigBee technology, and sports event risk monitoring data is monitored and packaged at each base
station. Optical fiber and Ethernet are used to transmit the data to the monitoring and management center to complete the
risk data collection of sports events. After data standardization, the risk evaluation index system of sports events is constructed,
and the comprehensive score of each risk index of sports events is obtained by using the PCA method. The BP neural network
is improved by genetic algorithm (GA), and the comprehensive score of risk index is input into the network to obtain the
evaluation and prediction results of sports event risk. The results show that the proposed method has good average fitness, the
predicted value of sports event risk is almost equal to the actual value, the prediction mean square error is less than 0.15, the
evaluation precision is high, and the average running time is only 8 s. The cost (time complexity) is low. Overall, the method
has a good application prospect in the field of sports event evaluation and prediction.

1. Introduction

Under the background of rapid economic growth, the pro-
portion of sports events in the sports industry is also rising
[1]. The holding of sports events is a review of a city’s com-
prehensive ability, such as the degree of civilization of citi-
zens, the governance of the urban environment, the
planning level of urban construction, and will play an inesti-
mable role in promoting the development of the city in all
aspects [2]. It can not only improve the quality of the city’s
population, improve citizens’ fitness awareness, enrich
urban cultural life, promote urban construction, but also
promote the development of related industries. However,
sports events not only bring all kinds of opportunities, but
also imply huge risks. Some sudden international and
domestic political, economic, social and natural events may
seriously interfere with or even hinder the normal operation

of the event, making all the efforts of the event organizers go
east. At present, the development of China’s sports industry
is slow, the degree of marketization is low, and there are
many uncertain factors in the process of holding events [3,
4]. Therefore, it is very necessary to take risk management
measures during the operation of sports events, and risk
evaluation is a very important part of risk management.
The event organizing committee needs to carefully under-
stand the risks of sports events, assess and predict the risk
level of sports events, make emergency strategies for the
holding of sports events and control the probability of risks
in combination with the local actual situation, so that sports
events can better promote the development of local social
economy [5].

In order to realize the risk evaluation and prediction of
sports events, literature [6] determines which artificial intel-
ligence (AI) methods have been used to investigate sports
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performance and injury risk, and seek which AI technologies
are used in each sport, so as to improve the intelligence of
sports risk analysis. Literature [7] used the survey method
and catastrophe progression method to evaluate the risk of
the governance model of large stadiums, identified the risk
factors, build the index system, and explored the factors
behind the indicators, in order to provide an explanation
for decision makers to choose the governance model of large
stadiums. Literature [8, 9] took the application of BP net-
work in sports risk early warning design as the starting
point, started from the necessity of applying BP network in
sports event risk early warning, analyzed the risk early warn-
ing model and operation process, and verified the sample
data to verify the effectiveness of the model. According to
the risk management theory and the organization and oper-
ation law of sports events. Literature [10] took the 2014
Nanjing Youth Olympic Games as the research sample, used
the list arrangement method to analyze and predict the
weight, and proposed the risk response measures of Nanjing
Youth Olympic Games. Through the study of risk system of
sports events, it provided reference for risk management in
China. Literature [11] fully combined the improved risk
matrix method with Delphi method and analytic hierarchy
process, established a school sports competition risk index
system covering 27 indicators around the four main lines
of personnel risk, facility risk, organization and management
risk and environmental risk, and quantitatively analyzed the
occurrence probability, influence, risk grade, weight and
acceptability of each risk index to proposed countermea-
sures. At present, the research on the risk evaluation and
prediction of sports events has also achieved good research
results. For example. Literature [12] used the methods of
the literature, expert investigation, and analytic hierarchy
process to analyze the ecological risk types, risk sources
and risk receptors caused by urban hosting large-scale sports
events, and constructed a system consisting of 4 primary
indicators and 14 secondary indicators, the ecological risk
evaluation system composed of 40 three-level indicators is
used to predict the risk of sports events. Literature [13]
introduced the hierarchical holographic modeling HHM risk
identification analysis tool to build a holographic model
suitable for sports games risk identification, including 24
hierarchical holographic subsystems in five categories:
Sports Games ontology, organization and management, per-
sonnel quality, venue facilities and environment, and quan-
tified and rated it by using analytic hierarchy process and
Pareto analysis, it provided a reference basis for the quanti-
tative risk evaluation of sports games. Literature [14] uses
neural network as a predictive network modeling method.
With the support of MATLAB neural toolbox, a risk warn-
ing model is designed for sports events based on neural net-
work. This paper starts with the gray network in the sports
risk early warning design, starting from the necessity of
applying grey network in sports event risk early warning,
this paper analyzes the risk early warning model and opera-
tion process, and verifies the feasibility of the model with
sample data. The main contributions of this paper are as fol-
lows: (1) through PCA, several relevant factors can be trans-
formed into nonrelevant indicators, which can reduce the

dimension of the original indicators in the case of a small
amount of missing data, filter duplicate data, and obtain
comprehensive indicators related to the risk of sports events.
(2) Using ZigBee technology to deploy sports event risk
monitoring micro base stations, monitor and package sports
event risk monitoring data in each base station, and use opti-
cal fiber and Ethernet to transmit the data to the monitoring
management center to complete sports event risk data col-
lection, which can improve the accuracy and efficiency of
data collection.(3) Using ZigBee technology to collect sports
event risk data and analyze the influencing factors of sports
event risk assessment, so as to carry out sports event risk
assessment, and use the BP neural network improved by
GA to predict sports event risk, which can reduce the predic-
tion error and improve the prediction efficiency.

The organization of this paper is as follows. We intro-
duce the introduction and related works in Section 1. Then,
we describe the risk evaluation and prediction of sports
event model in Section 2. We further present the experimen-
tal results and discussions in Section 3. Finally, we conclude
the paper in Section 4.

2. Methodology

2.1. Sports Event Risk Data Collection Using ZigBee
Technology. The wireless sensor network suitable for col-
lecting sports event risk data is established by using ZigBee
technology, and then the sports event risk monitoring micro
base station is deployed based on the sports event risk mon-
itoring network to collect sports event risk data [15]. ZigBee
network has complex topology and powerful functions. It
improves the information transmission rate through multi
hop transmission, and can complete its own organization
and repair. It has good robustness and wide application
range.

A sports event risk data monitoring network is established
through ZigBee mesh network, which mainly includes two
parts: initializing network subroutine and node application
link [16]. Initialize the ZigBee network, deploy the coordinator
at the network node, take the coordinator as the network join
point, the node transmits the connection application to the
coordinator, and the coordinator judges the node access
according to the network connection status and replies to
the application. The data sending and receiving are based on
the node connection coordinator, and the node requests access
to the network mainly including the search coordinator, then
passing the application for joining the network, waiting for
processing, and application for data transmission. The design
core of ZigBee network is the protocol stack, which can obtain,
transfer, store, and process data channels and methods and
determine the logical structure of communication at the same
time. In the process of data sending and receiving, the node
sending and receiving data realizes unlimited data sending
and receiving by applying the sending and receiving function
in the protocol stack [8, 17].

The coordinator program includes networking, status
detection, network maintenance and information acquisi-
tion command sending, etc. After the coordinator starts run-
ning, initialize the internal program through the functions in
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the protocol stack, then build the ZigBee network and log in
to the GPRS network, and send the feedback data to the
monitoring center through Ethernet to complete the pro-
cessing and display the data. The task of the terminal node
is to collect the risk data of sports events and transmit the
data periodically through the coordinator, as shown in
Figure 1.

2.2. Risk Evaluation of Sports Events. Preprocess the sports
event risk data collected by the ZigBee technology, and after
the data is standardized, construct a sports event risk evalu-
ation index system, and use the PCA method to obtain the
comprehensive risk score of the sports event.

2.2.1. Establishment of Risk Evaluation Indexes for Sports
Events. Taking the event risk attribute as the starting point
to evaluate the risk of sports events, the risk has the charac-
teristics of possibility, uncontrollability and randomness
[18]. Its core index is risk probability, which indicates the
possibility of risk, the degree of loss caused by risk is risk
loss, and the risk control level is uncontrollable, which is
directly proportional to the risk level. Through expert
review, it is preliminarily determined that the evaluation
indexes are risk probability, risk loss and uncontrollability.
The risk evaluation index system of sports events is detailed
in Table 1.

According to Table 1, the target layer of sports event risk
evaluation index system is sports event risk. The criterion
layer includes risk probability, risk loss, and uncontrollabil-
ity. The primary level indexes are personnel risk, operation
risk, facility risk, economic risk, and external environment
risk. The secondary level indexes are staff risk, athlete, coach,
referee risk, onsite audience risk, event schedule risk, event
participants’ traffic risk, safety guarantee risk, site quality
and safety risk, site lawn and drainage risk, event scale risk,
pregame budget risk, sponsor risk, natural environment risk,
and food safety risk.

2.2.2. PCA. Through PCA, several relevant factors can be
transformed into nonrelevant indexes, which can reduce
the dimension of the original indexes in the case of a small
amount of data loss, filter duplicate data, and obtain com-
prehensive indexes related to the risk of sports events [19].

The PCA steps are as follows:

(1) Assuming that the study area is A, select B indexes in
this area, and set the sample matrix of this index as F
to obtain:

F = Fij

� �
A ∗ B, ð1Þ

where i = 1, 2,⋯, A, j = 1, 2,⋯B

(2) Assuming that Rb∗b represents the index correlation
coefficient matrix, and its eigenvalue meets the con-
dition range is ∧1 ≥ ∧b ≥ 0 [20], the PCA expression
formula is as follows:

Ti = Fej ð2Þ

where Ti represents the principal component, and the nor-
malized eigenvector of the correlation coefficient matrix is
ej

(3) When the variance contribution rate of the j-th prin-
cipal component is higher than 86%, only the first q
principal components are selected T1, T2,⋯, Tq.
[21] At this time, q can reflect the information of B
initial indicators, and the contribution rate a is as
follows:

a = 〠
q

i=1
aj ð3Þ

(4) The comprehensive risk score W of the sports event
studied is as follows:

W = aX1 + bX2+⋯+xXx ð4Þ

where X is the eigenvector of the eigenvalue b and x repre-
sent the normalized data of the initial index [22].

2.3. Risk Prediction of Sports Events

2.3.1. BP Neural Network. In order to realize the risk predic-
tion of sports events, the risk characteristics of sports events
extracted by PCA are input to the input layer of BP neural
network, and the prediction results are obtained by output
layer [23]. The neurons in each layer of BP neural network
are only sensitive to the input of feedforward neurons. The
output of each layer affects the output of the next layer,
and its structure is shown in Figure 2.

The number of units of BP neural network is processed
according to specific problems, and the following is obtained
through linear transformation function:

f xð Þ = x, ð5Þ

where the independent variable x represents the number of
network inputs of BP neural network.

Let L be the hidden layer nodes, I the input layer nodes,
and J the output layer nodes, then:

L = I + Jð Þ/2, ð6Þ

L = I ∗ Jð Þ1/2: ð7Þ
In the network output layer, the number of processing

units through the nonlinear conversion function, and the
hyperbolic function in the nonlinear conversion function is:

f xð Þ = 1
1 + ex

, ð8Þ
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where when x is close to positive or negative infinity, the
function value is close to the constant, and its value range
is [0,1].

The input data X = ðx1, x2,⋯, xnÞ of BP neural network
is the risk characteristics of sports events extracted by PCA.
Starting from the input layer, traverse each hidden layer
node to the output layer node, and the output data is as fol-
lows:

Y = y1, y2,⋯, ynð Þ: ð9Þ

Let Lin and Lout be the input and output of each node of
the hidden layer, respectively, and the mapping from input
to output is expressed as follows:

Lin = 〠
I

i=1
uijxi

 !
+ b, ð10Þ

Lout = net Linð Þ, ð11Þ

Begin

Hardware initialization

Protocol stack initialization

Build ZigBee network

GPRS network registration

Submit a connection
application to the monitoring

center client

Receiving feedback data
from terminal nodes

data conversion

Transmit the converted data
to the monitoring center

Is the registration
successful

Is the connection
successful

End

Yes Yes

No

No

Figure 1: Terminal node program process.

Table 1: Risk evaluation indexes system of sports events.

Target layer Criterion layer Primary index layer Secondary index layer

Sports event risk

Risk probability B1 Personnel risk C1

Staff risk

Risks of athletes, coaches, and referees

Live audience risk

Risk loss B2 Operational risk C2

Event schedule risk

Traffic risk of event participants

Security risk

Uncontrollability B3

Facility risk C3

Site quality and safety risk

Site lawn and drainage risk

Economic risks C4

Event scale risk

Precompetition budget risk

Sponsor risk

External environmental risk C5

Natural environment risk

Food safety risk
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J in = 〠
L

j=1
vjkLout

 !
+ b, ð12Þ

J = net J inð Þ, ð13Þ
where J in is the input value of each node in the output layer,
the weights between the input layer and the hidden layer and
between the hidden layer and the output layer are described
as uij and vjk, respectively, and b represents the node
threshold.

2.3.2. Improved BP Neural Network Model. In order to
improve the prediction accuracy of BP neural network, GA
is used to improve the neural network. The specific opera-
tion steps are as follows:

Step 1: Generate code and initial population. Let the
number of input layer and hidden layer nodes of GA-BP
neural network be R and S1, respectively, then the length
of chromosome is:

S = R ∗ S1 + S1 ∗ S2 + S1 + S2, ð14Þ

where S2 is the number of output layer nodes.
The initial population with M individuals and S chromo-

some length was randomly generated. The large number of
individualsM will slow down the convergence speed of the net-
work; too small will reduce the accuracy of network training.

Step 2: Determine the fitness function. Set the fitness
function of the individual as follows:

F = 1
∑n

t=1 yt − �ytj j , ð15Þ

where n is the number of training samples and yt and �yt are
the expected output value and predicted output value of the
first training sample, respectively.

Step 3: The fitness values are sorted by mathematical
sorting method, and the probability of selecting each indi-

vidual is allocated according to the sorting results of fitness
values:

Px = F/〠
x

k=1
F: ð16Þ

Step 4: Generate new species. Select, cross and mutate
the initial population whose individual fitness does not meet
the optimization criteria to produce a new population. If the
standard is met, proceed to the next step, otherwise return to
genetic operation.

Step 5: Generate the initial weight of BP network.
Step 6: Determine the risk level of sports events accord-

ing to the output results. According to the importance of
sports event risk, it is divided into three levels: high,
medium, and low risk. The criteria are shown in Table 2.

In summary, the sports event evaluation and prediction
model is shown in Figure 3.

According to Figure 3, preprocess the sports event risk
data collected by the ZigBee technology, and after stan-
dardizing the data, construct a sports event risk evaluation
index system, and obtain the comprehensive score of
sports event risk by using the PCA method. The GA is
used to improve the BP neural network model, and the
improved BP neural network model is used to predict
the risk of sports events.

3. Experimental and Results

3.1. Data Set. Experimental environment: on Intel Xeon
Gold6254@3.10GHz (X2) CPU, 768GBRAM, 2∗ Tesla
v100GPU, the operating system is Windows Server 2019,
and the programming language is MATLAB.

Data set: Sgsum (sports game summary) is a large-
scale manually cleaned Chinese sports event summary data
set. This data set comes from sina sports online. This data
set comes from the football game data from 2012 to 2020

......
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......

......

......

......

Hidden layer

Input layer Output layer

Figure 2: Structure of the BP neural network.
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in sina sports online, including the online comment text
and corresponding news reports of 7854 football games.
Sports-1m: this data set is a sports video data set, includ-
ing 487 categories and 1.2 million sports event videos.
Taking the large-scale sports events held in a region as
the research object, this paper studies the risk evaluation
and prediction of sports events. The event was held for
one week, with three types of competition events A, B,
and C.

3.2. Comparison Methods and Evaluation Indexes. The
methods in this paper: literature [12], literature [13] and lit-
erature [14], are used as experimental methods to verify the
practical application effects of different methods by compar-
ing different evaluation indexes.

(1) Average fitness: average fitness is an important index
to verify the convergence of the algorithm. The ear-
lier the average fitness reaches the stable value, the

Table 2: Risk level classification of sports events.

Degree of importance (W) Level Risk factor

W ≥ 10% High risk (III) Event scale, event schedule, natural environment, and preevent budget

5% <W < 10% Medium risk (II) Transportation of participants

W < 5% Low risk (I)
Site environment, auxiliary personnel, disease video, investment unit,
safety measures, event judges, onsite audience, site quality, and safety

Sports event evaluation and prediction model

Risk evaluation
of sports events

Data preprocessing

Data standardization

The comprehensive score
was obtained by principal

component analysis.

Sports event
risk prediction

BP neural network is
improved by genetic

algorithm.

Using the improved BP
neural network model to
predict the risk of sports

events

Figure 3: Evaluation and prediction model of sports events.
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better the convergence performance of this method.
The average fitness is calculated as follows:

z = ∑n
i=1Fi

n
ð17Þ

(2) Prediction accuracy: in order to verify the accuracy
of sports event risk evaluation and prediction of this
method, select different numbers of sample data in
the test area, and compare the predicted value of
sports event risk with the actual value of sports event
risk. The smaller the gap between the two, the higher
the prediction accuracy:

A = a1 − a2j j, ð18Þ

where a1 is the risk prediction value of sports events, a2 is
the risk prediction value of sports events, and the smaller
the value of A, the higher the prediction accuracy

(3) Prediction mean square error: mean square error is
an important index to verify the prediction result
error of sports events. Therefore, the prediction
mean square error of different methods is compared.
The smaller the value, the lower the prediction result
error:
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Table 3: Comparison of risk evaluation results of sports events.

Competition events Event A Event B Event C

The proposed method III II III

Literature [12] method III I III

Literature [13] method II II III

Literature [14] method II I II

Actual comprehensive risk level III II III
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M = E a1 − a2ð Þ2, ð19Þ

where E is the average of expected values

(4) Evaluation precision: The output results of different
methods are used to evaluate the sports event risk
of five competition items of the experimental object,
and the sports event risk level predicted by the four
methods is compared with the actual comprehensive
risk level of the experimental event. The closer it is to
the actual comprehensive risk level, the higher the
evaluation accuracy:

B = b1 − b2j j, ð20Þ

where b1 is the predicted risk level of sports events, b2 is the
actual comprehensive risk level, and B represents that the
evaluation results are completely consistent with the actual
results

(5) Average running time: the average running time is
the average of the time spent on the risk evaluation
result and the prediction result of a sports event.
The lower the value, the higher the execution effi-
ciency of the method:

T = t1 + t2
2 , ð21Þ

where t1 is the time-consuming for sports event risk assess-
ment and t2 is the time-consuming for sports event risk
prediction

(6) Cost of prediction method (time complexity): time
complexity is an important index to verify whether
the research method can be implemented smoothly.
The lower the index, the better the execution perfor-
mance of the method:

Time nð Þ = O f nð Þð Þ, ð22Þ

where Oð⋅Þ is complexity and f ðnÞ is the code execution time
growth change value of the prediction method.

3.3. Results and Discussion. The methods of this paper: liter-
ature [12], literature [13], and literature [14], are compared
with the average fitness value in sports event evaluation
and prediction. The results are shown in Figure 4.

According to Figure 4, with the increase of iteration
times, the average fitness value of the proposed method
tends to be stable after the iteration times meet the require-
ments of 20 training times, while the average fitness values of
literature [12], literature [13], and literature [14] do not tend
to be stable when the iteration times are 60, indicating that
the average fitness of sports event evaluation and prediction
of this method is good. Therefore, this method has good per-
formance in sports event risk prediction.

Four methods are used to predict the risk of sports
events. The predicted value of sports event risk is compared
with the actual value of sports event risk. The comparison
results of prediction accuracy are shown in Figure 5.

As shown in Figure 5, with the increase of sample data,
the error between the predicted value and the actual value
of the four methods decreases gradually. The predicted value
of sports event risk in this method is almost equal to the
actual value, while the predicted value and the actual value
of literature [12], literature [13], and literature [14] methods
differ greatly, and the maximum error values are 0.6 and 0.9,
respectively, All occurred when the number of samples was
70. The results show that the predicted value of the method
in this paper is almost the same as the actual value, and it has
high prediction accuracy.

By analyzing the data in the above experimental process,
the prediction mean square error of the four methods is
shown in Figure 6.

Comparing the prediction performance of the four
methods, it is found that the mean square error of the
method in this paper is less than 0.15, while the methods
in literature [12], literature [13], and literature [14] are
higher than the method in this paper. It shows that the pre-
diction mean square error of the methods in literature [12],
literature [13], and literature [14] is large, and the error of
sports event risk prediction is high, Therefore, it shows that
the prediction performance of this method is better and the
result is more accurate.

Taking the large-scale sports events held in a region as
the research object, this paper studies the risk evaluation
and prediction of sports events. The event was held for one
week, with three types of competition events A, B, and C.
The risk level of sports events predicted by the four methods
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is compared with the actual comprehensive risk level of the
experimental event. The results are shown in Table 3.

It can be seen from Table 3 that the risk prediction level
of the five events in this paper is consistent with the actual
comprehensive risk level, the event B risk level predicted
by the method in literature [12] is inconsistent with the
actual comprehensive risk level, and the method predicted
by literature [13] The risk level of event A is inconsistent
with the actual comprehensive risk level, and the risk levels
of event A, event B, and event C predicted by the literature
[14] method are inconsistent with the actual comprehensive
risk level. The results show that the method in this paper is
compared with the methods in literature [12], literature
[13], and literature [14]. The risk prediction results of sports
events in this paper are more accurate and have higher
application value.

The methods in this paper are tested from time. The
average running time of the four methods is shown in
Figure 7.

According to Figure 7, the average running time of the four
methods increases with the increase of sample data. Among
them, the average running time curves of literature [12], litera-
ture [13], and literature [14] show a rapid upward trend with
the increase of sample data, and the average running time is lon-
ger. The average running time curve of this paper method
shows a small increasing trend before the sample data size is
200, and the increasing range is relatively large when the sample
data size exceeds 200. When the sample data size is 400, the
average running time of this method is longer than that of liter-
ature [12], literature [13], and literature [14], in which the aver-
age running time of this method is only 8 s. The above results
show that the average running time of this method is shorter.

The time complexity of the four methods is shown in
Figure 8.

It can be seen from the analysis of Figure 8 that the time
complexity of the four methods does not change greatly with
the increase of the number of samples, but it can be seen
intuitively from Figure 8 that the overall overhead (time
complexity) of the method in literature [14] is large. When
the number of samples is about 40 and 170, the overhead
(time complexity) of the method is almost 95%, and the
complexity is high. The overhead (time complexity) of liter-
ature [13] is less than 80%. In contrast, the average overhead
(time complexity) of this method is about 40%, which is
much lower than that of the other three methods.

In order to ensure the preciseness of the comparison
results of the four methods, the statistical test of hypothesis
is used to test the four methods, so as to ensure the reliability
of the above comparison results. Wilcoxon signed rank test
is selected, and the results are shown in Table 4.

According to Table 4, the Wilcoxon signed rank test
results show that the P values of this method, literature
[12], literature [13], and literature [14] are greater than
0.05, indicating that the original hypothesis is tenable, and
there is no difference between the predicted results and the
real results.

4. Conclusions and Future Work

The holding of sports events is very important for the
development of a city or even a country. Although the
holding of sports events does bring many rare opportuni-
ties for the overall development of social economy and
society in daily social and economic life, it also implies
huge risks due to its wide range and the large number of
people involved. Some sudden international and domestic
politics and economy, uncertain factors such as social
and natural events may seriously affect or even hinder
the normal progress of sports events, so as to avoid the
impact of uncertain factors on sports events. A sports
event model evaluation and prediction method using
PCA is proposed. This study collects the risk data of
sports events through the establishment of ZigBee technol-
ogy, and realizes the risk evaluation and prediction of
sports events through PCA combined with improved BP
neural network. The results show that this method has
better average adaptability. The risk assessment accuracy
of sports events is higher, the average running time is
shorter, overhead (time complexity) is lower and the over-
all performance is better. However, further work can be
carried out from the following perspectives in the future.
For data acquisition, the method in this paper collects
more samples only within a certain area and does not
expand the acquisition area. Therefore, it has a certain
one sidedness. In the future, it can also expand the acqui-
sition area that does not build a human-computer
interface.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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Table 4: Statistical test of prediction results of different methods.

Methods Original hypothesis Test P

The proposed

There is no difference between the
predicted results and the real results

Wilcoxon signed rank test

0.921

Literature [12] 0.903

Literature [13] 0.830

Literature [14] 0.865
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