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Abstract

INTRODUCTION: University physical education programs still largely use traditional methods without significant
innovation in teaching or health evaluation. With the growing capabilities of Internet technology and artificial intelligence,
there's a critical need to leverage these advancements to enhance the physical health assessments of college students.
OBJECTIVES: The study proposes an integrated APP design for health data collection and analysis both inside and
outside physical education classes, utilizing Internet technologies and intelligent learning algorithms. This is aimed at
precisely analyzing and improving the health outcomes of university students by fostering more tailored and responsive
physical education experiences.

METHODS: The method involves constructing an app design analysis index system, integrating a vulture search heuristic
optimization algorithm with a convolutional neural network (CNN). This setup uses smart sports APP behavioral data as
input to refine and optimize health data integration, aiming to enhance the analysis and feedback mechanisms within
university sports programs.

RESULTS: The implementation of this method showed that it meets real-time requirements while significantly improving
the accuracy and efficiency of integrated APP design analyses for health data. The use of smart algorithms allows for more
precise adjustments and feedback in physical education programs, suggesting a substantial improvement over traditional
physical health monitoring and evaluation methods.

CONCLUSION: The proposed APP design successfully integrates and analyzes health data, enhancing the management
and evaluation of physical education programs. It represents a significant step forward in utilizing modern technology to
address the stagnation in physical education health monitoring, with potential implications for broader educational and
health management practices in universities. Future iterations of the APP could incorporate more diverse data inputs and
advanced analytical features to further refine its effectiveness and usability.
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1. Introduction

According to the basis of the construction and
implementation  of  university  physical education
programmes in China, the construction of university
physical education in China has entered the stage of the
development of sports power in the new era [1]. With the
development of Internet technology and artificial
intelligence technology, the university physical education
programme still adopts the traditional way of education, the
reform of the physical education curriculum has not made
any breakthrough progress, there is no substantial change in
teaching evaluation, and the physical health level of college
students is still in a downward trend [2]. The advancement
of Internet and big data technologies has facilitated the
"Internet + education™ initiative, which enhances university
physical education courses through smarter, more
interconnected, systematic, and scientifically developed
approaches [3]. The research on the integration of the
Internet and physical education curriculum does not only
include the application of the Internet in physical education
teaching, network-based physical education evaluation
methodology research, etc. [4]. Literature [5] selected
papers related to journals so as to understand the teaching-
related foreign preface research; literature [6] studied the
evaluation method of the determinants of teaching style;
literature [7] improved the teaching evaluation mode from
the three aspects of the evaluation subject, the evaluation
index system, and the evaluation method to improve the
credibility and accuracy of the teaching evaluation, and to
promote the evaluation subject's subjectivity; literature [8]
studied the physical fitness assessment-based Literature [8]
studied the physical fitness assessment-based evaluation
method of physical education, and analysed the content of
teaching evaluation; Literature [9] proposed the evaluation
method of physical education teaching based on "Internet
+"; Literature [10] combined machine learning algorithms,
analysed the APP application of physical education courses
based on "Internet +", and constructed an APP application
analysis model. and constructed an APP application
analysis model. From the existing literature on the
combination of physical education and Internet technology
and the research results of previous researchers, although
there has been a long time and a large number of studies on
the analysis of physical education software applications,
there is a lack of quantitative analysis of physical education
APP research, and it fails to form an APP application
analysis and evaluation method, which leads to the
integration of physical education and Internet technology is
not precise, objective and scientific enough [11].

Aiming at the problems existing in the current APP
design and analysis method for teaching university physical
education courses [12], this paper proposes an APP design
and analysis method for teaching university physical
education courses based on "Internet+" and optimisation

algorithm to improve the deep learning network. In this
paper, we analyze the APP design framework for
"Internet+" university physical education internal and
external health data integration, extract the APP design
analysis indexes, improve the convolutional neural network
by combining the animal behaviour heuristic optimization
algorithm, and construct the APP design analysis method
for "Internet+" based on the intelligent optimization
algorithm and convolutional neural network. Intelligent
optimisation algorithm and convolutional neural network to
construct the APP design analysis model for "Internet+"
based on the integration of health data inside and outside
the university physical education class. The effectiveness
and feasibility of the proposed method is verified by
comparing the training behaviour data of the network
platform with the algorithms of other references.

2. Design of an integrated app for health
data in and out of college physical
education classes Framework

2.1. APP Design Framework

This paper takes university physical education course
teaching as the object of analysis, and analyses and
describes the integrated APP design method for health data
in and out of university physical education classes.

In the context of the era of big data, scientific research
will pay more attention to discovering and predicting the
development trend of things and their inner laws [13]. In
order to know more about students' sports and health big
data, this section is based on the concept of big data,
Internet + and intelligent sports curriculum development, to
improve students' health awareness, social adaptation,
exercise habits, physical fitness as a guide, based on the
APP monitoring of smart wearable devices as a means,
through interviews with relevant experts and teachers,
students, from the teaching needs and students' needs, to
build and design the university physical education inside
and outside the classroom Health data integration APP
framework, the specific framework is shown in Figure 1. As
can be seen from Figure 1, the integrated APP of health data
inside and outside university physical education classes
under the background of "Internet+" mainly includes data
collection, data analysis, data application and other
functions. Data collection is mainly through the sports
bracelet, physical fitness test, indoor and outdoor readers,
tablet attendance terminals and other inputs to collect data;
data analysis is mainly combined with intelligent algorithms
to analyse and mine the user behaviour data; data
application is mainly to the results of the data analysis of
the college students' physical education courses in the
guidance and feedback.
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Figure 1 App design for integrating health data in and out of university physical education classes

2.2 APP design analysis index extraction

In order to construct the APP design analysis index
system for the integration of health data inside and outside
university physical education classes under the background

of "Internet+", according to the APP design framework, we
extracted the indicators for the integration of health data
inside and outside university physical education classes
from the three aspects of data collection, data analysis, and
data application [14]. are shown in Figure 2.

User behavior data characteristics

Data sample function Data analysis function

| Real-time physical sign data | |

Data visualization |

Health management

| Real-time exercise data | |

Exercise rationality |

Health intervention

| Physical health data | |

Exercise habit |

Classroom management and
evaluation

Figure 2 Extraction of indicators for analysing the design of an integrated app for health data in and out of
university physical education classes

(1) Data collection aspects

How to collect useful information from massive data in
the context of big data is one of the key factors in the
development of big data. The data collected from the
integration of health data inside and outside the university
physical education class include students' real-time physical
signs data (heart rate, height, body mass, sleep, etc.), real-
time exercise data (exercise time, exercise frequency,
exercise location, exercise programme, etc.), and physical
health data (individual physical test scores, comparison of
physical health tests) [15]. The extracted APP design
analysis metrics include real-time physical signs data S1,
real-time exercise data S2, and physical health data S3.

(2) Data analysis aspects

Sports big data analysis is the use of smart wearable
devices and other forms of big data collected, after further
storage, organisation, visualisation, to play the maximum

efficacy of the data [16]. The extracted indicators of data
analysis  aspects include data visualisation F1,
reasonableness of exercise in and out of class F2, and
exercise habituation F3.

(3) Data application aspects

The application of big data as the main feature of the
development of big data in sports, after obtaining certain
results through the analysis of data by the big data analysis
platform, and further applying the results to the actual
practice, in order to achieve the benign development of
promoting students to strengthen physical exercise [17].
The extracted indicators of data application include health
management Y1, health intervention Y2, and classroom
management and evaluation Y3.

2.3 Construction of the index system for
analysing the integrated APP design for
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health data inside and outside university
physical education classes

The university physical education in-class and out-of-
class health data integration APP design analysis index
system takes the functional aspects of data collection, data
analysis, and data application [18] as the first-level
indicators, and takes the real-time physical signs data S1,
real-time exercise data S2, physical health data S3, data

visualisation F1, in-class and out-of-class workout
reasonableness F2, exercise habituation F3, health
management Y1, health intervention Y2, classroom

management and Evaluation Y3 and other 9 analysis
elements as secondary indicators [19], which fully reflects
the overall nature of the university physical education in-
class and out-of-class health data integration APP design
framework, and constructs a scientific, objective and
systematic APP design analysis index system.

3. Related Technologies

3.1 Vulture Search Algorithm

Bald Eagle Search optimization algorithm (BES) is a
novel,  nature-inspired  meta-heuristic ~ optimization
algorithm proposed by Malaysian scholars Alsattar et al [20]
in 2020 by simulating the intelligent social behaviours of
bald eagles while hunting fish. Compared with other
intelligent algorithms, BES has a strong global search
capability and can effectively solve various types of
complex numerical optimisation problems. Bald eagles are
found throughout the North American region, with sharp
eyesight and excellent observation ability in flight. Taking
salmon predation as an example, the bald eagle will firstly
select the search space based on the concentration of
individuals and populations to salmon, and fly towards a
specific area; secondly, search the water surface within the
selected search space until it finds a suitable prey; finally,
the bald eagle will gradually change the flight altitude and
quickly dive downwards to successfully capture the salmon
and other preys from the water. The Bald Eagle Search
Algorithm (BES) simulates the behaviour of the bald eagle
during the hunting process in order to justify the synergistic
sequence of the hunting phases. Inspired by this, the BES
algorithm can be divided into three parts, i.e., selecting the
search space, searching within the selected search space and
swooping [21].The three important phases of the BES
algorithm are shown in Figure 3.

2-Search Space

Figure 3 Three phases of the BES algorithm
(1) Selection phase
In the selection phase, bald eagles identify and select
the best areas (areas with high food availability) within the
selected search space where they can hunt for prey. The
specific model is as follows:
P oew =Pt 2T (Poeay —P) (1)

i,new best

where ae[l.5, 2] is the parameter controlling the
position change, I' is a random number in the interval
(0,1) ; Ry denotes that the search space currently

selected by the bald eagle based on the best position is

recognised; P, ., denotes the average distribution of all

positions previously searched by the bald eagle; and P

denotes the position of the ith bald eagle.

(2) Search phase

In the search phase, the vulture searches for prey in the
selected search space and moves in different directions in
the spiral space to accelerate the search, as shown in Figure
4. The spiral flight mathematical model uses polar
coordinate equations for position updating, which are
calculated as follows:

d(i)=a-z-rand )
r(i)=6(i)+R-rand 3)
xr(i)=r(i)-sin(6(i)) (4)
yr(i)=r(i)-cos(6(i)) (5)
x(i)=xr (i)/max (|xr]) 6)
y(i) = yr (i)/max(|yr]) ™

Where a e (5,10) denotes the angle between the
centre point and the search point, R e (0.5, 2) denotes the

number of search cycles, Q(i) andr (l) are the polar angle

and polar diameter of the helix equation, rand denotes a
random number between 0 and 1, and x(i) and y (i)
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denote the position of the bald eagle in polar coordinates,
which takes the value (—1,1) . The formula for updating

the bald eagle position in polar coordinates is as follows:

Prew =R +Y(i)-(R=P.1)+X(i)-(P —Pr) ®

where P, indicates the next position of the bald eagle.

y(i)

Figure 4 Search phase of the BES algorithm

(3) Swooping Predation Stage

In the swooping predation phase, the condor swings
from the optimal position in the search space to the target
prey, and all search points move towards the optimal point.

This movement is also described using polar coordinates,
which are calculated as follows:

d(i)=a-z-rand 9)

r(i)=6(i) (10)

X, (i)=xr i)/ max (|xr|) (11)

y, (i) = yr (i)/max(|yr|) (12)

xr(i)=r(i)-sinh(6(i)) (13)

yr(i)=r(i)-cosh(6(i)) (14)

This leads to the equation for updating the position of a
bald eagle feeding on prey:

P =110 Ry 4 X(1)-(R =, Py ) + 1 (1) (R =, Ry ) (19)

best

where C; and C, are both random numbers in the

interval [1, 2] used to increase the intensity of the vulture's

movement towards the optimum and centre points.

(4) Algorithm Pseudo-Code

According to the optimisation strategy of the BES
algorithm, the pseudo-code of the BES algorithm is shown
in Figure 5. During each iteration, an initial solution is
randomly generated, and the final optimal solution is
continuously obtained by evaluation with greedy selection
strategy.

Figure 5 Flowchart of BES algorithm
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3.2. CNN networks

In order to construct an integrated APP design analysis
model for health in and out of college physical education
classes, this paper adopts convolutional neural network as
the design analysis model construction algorithm to solve
the APP design big data analysis problem [22].

Convolutional neural network (CNN) [23] is an
artificial neural network that includes one or more
convolution layers, i.e., at least one layer of neural network
that uses convolution operations instead of the usual matrix
multiplication operations.The structure of a CNN is shown
in Figure 6. The convolution layer analyses each small

piece of the input sample more deeply to obtain features
with a higher degree of abstraction; the pooling layer does
not change the depth of the output of the previous layer, and
can reduce the size of its matrix, thus achieving the purpose
of reducing the parameters in the real neural network; the
fully connected layer mainly completes the classification
task, and obtains the scores of each category by weighted
summation of the learned feature representations; the last
layer of the general classification problem is the Softmax
layer. Softmax layer is used to map the scores from the
previous layer to the sample labelling space.The features of
CNN include sparse connectivity, weight sharing and
pooling.

l Fully-Connected Layers l

Subsampling

7

fig—1]

lass 1
Class 2
O O O—
O O ()_> Class 3
O Q Class 4
O

Figure 6 Structure of convolutional neural network

The convolution operation of a convolutional layer is
defined as follows:

|
2V =3 wall Y, +p" (16)

i=1

Where i is the index of the convolution kernel,I flag
indicates the current convolution layer, I =1 indicates the

previous layer, | indicates the size of the convolution
|
ZE)denotes the feature value of the convolution
layer after the convolution operation, Wi(l)
1-1
shared weights, i(”'*)l is the activation output value of the

kernel.

denotes the

previous layer, and b" is the bias of the convolution layer.

After going through each forward propagation
calculation, the gradient of the loss function with respect to
the weights and biases needs to be back propagated through
the neural network. The optimisation algorithm used in this
paper for weights and biases is the Adam optimisation
algorithm.

4. A method for designing and analysing
an integrated app for sports and health

data based on improved CNN network
with BES algorithm

(1) Design of coding method

In order to improve the accuracy of APP design
analysis of CNNs, the CNN parameters, i.e., network
parameter weights and biases, are optimised using the BES
algorithm.

(2) Adaptation function design

In order to improve the accuracy of CNN analysis, the
root-mean-square error function is used as the objective
function of the BES-CNN algorithm, which is calculated as

follows:
M
min RMSE =\/(Z(yi - yi)zj/M (17)

i=1

(3) Steps and Processes

The APP design analysis method based on the BES
algorithm optimised CNN network for the integration of
health data inside and outside the sports class mainly takes
the APP design analysis features as input and the analysis
values as output, and constructs the mapping relationship
between the APP design analysis features and the design
analysis values. The flowchart of the APP design analysis
method based on BES-CNN algorithm for the integration of
health data inside and outside the physical education class is
shown in Figure 7. The specific steps are as follows:
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Step 1: Construct the index system for designing and
analysing the integrated APP for health data in and out of
physical education classes under the background of
"Internet+"; divide the data set into training set, validation
set and testing set;

Step 2: The CNN network parameters are encoded
using the BES algorithm, and the algorithm parameters such
as population parameters and iteration times are initialised,;
the population is initialised and the objective function value
is calculated;

Step 3: Update the population position according to the
BES algorithm selection, search, and swoop predation
phase strategy;

Step 4: Calculate the fitness value and update the
optimal solution;

Step 5: Determine whether the termination condition is
satisfied, if so, exit the iteration, output the CN network
parameters, and execute step 3, otherwise continue to
execute step 6;

Step 6: Decode the optimised CNN network
parameters based on the BES algorithm, obtain the optimal
convolutional neural network parameters, and construct the
integrated APP design and analysis model based on the
BES-CNN algorithm for physical education inside and
outside the classroom under the background of "Internet+";

Step 7: Test and analyse the current test set using the
trained APP design analysis model and output the
corresponding test results.

P S

|
i Build dataset

_____ l____________,"

nitialize CN Initialize BES alg “‘\‘
parameters paramete Y
) Calculate fitness

£ QOO
C0R

o
o
g

i

fayer 1 hidon layer 2

|

Build BES-CNN model

Output best solution

Figure 7 APP design analysis method based on BES-
CNN

5. Experiments and analysis of results

In order to verify the advantages and disadvantages of
the integrated APP design and analysis method of health
data inside and outside the physical education class under
the background of "Internet+" proposed in this paper, four
analysis methods are selected for comparison, and the
specific parameters of each algorithm are set as in Table
1.The experimental simulation environment is Windows 10,
with a CPU of 2.80GHz, 8GB of RAM, and the
programming language Matlab2021a. programming
language Matlab2021a.

Table 1 Parameter settings for the design and analysis method of the integrated APP for health data in and out of
physical education classes in the context of "Internet Plus"

arithmetic  parameterisation

CNN The number of nodes in the hidden layer of the CNN network is given by the following analysis, using Adam's
technique to optimise network training

GWO- The control parameter a of GWO is decreasing from 2 to 0, and the number of GWO populations is the same as

CNN the CNN network nodes set at BES-CNN

HHO-CNN HHO algorithm EO = 2, the number of HHO populations is the same as the CNN network nodes set at BES-CNN

FTTA- FTTA algorithm Pcomm=0.2, Pstudy=0.2, Perror=0.001, number of FTTA populations and CNN network nodes

CNN are set at the same level as BES-CNN

BES-CNN BES is a parameter-free optimisation algorithm, and an analysis of the number of BES populations and CNN

network nodes yields

(1) Analysis of the effect of population size and the
number of CNN hidden layer nodes

In order to analyse the impact of the population size of
BES algorithm and the number of hidden layer nodes of
CNN network on the APP design and analysis method, this
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paper compares and analyses the performance of the APP
design and analysis method of integrating internal and
external health data of physical education classes in the
background of "Internet+" under the conditions of different
population sizes and different numbers of CNN hidden
layer nodes. Figures 8 and 9 show the influence of different
population sizes and the number of CNN hidden layer

nodes on the accuracy and time of the APP analysis method.

As can be seen from Figure 8, with the increase of the
number of BES algorithm populations, the precision of the
analysis value of the integrated APP design of internal and
external health data of physical education classes in the
context of "Internet+" increases gradually; with the increase
of the number of CNN nodes, the RMSE of the analysis
value of the integrated APP design of internal and external
health data in the context of "Internet+" becomes smaller
and the precision increases. As the number of CNN nodes
increases, the RMSE of the analysis value of the integrated
APP design for internal and external health data in physical

0.2

o
O

Evaluation value RMSE
S

0.05

10 20 30 40 50
Population number

60

education class under the background of “Internet+"
becomes smaller and the precision increases. As can be seen
from Figure 9, with the increase in the number of
populations of the BES optimisation algorithm, the analysis
time of the integrated APP design of internal and external
health data in physical education classes under the
background of "Internet+" gradually increases; with the
increase in the number of hidden layer nodes of the CNN
network, the analysis time of the integrated APP design of
internal and external health data in physical education
classes under the background of "Internet+" gradually
increases. With the increase of hidden layer nodes of CNN
network, the analysis time of the integrated APP design of
health data inside and outside the physical education class
under the background of "Internet+" increases. In summary,
by considering the balance between accuracy and time
performance, the intelligent optimisation algorithm selected
in this paper has a population size of 60 and 100 CNN
hidden layer nodes.

I Node 50
I Node 60
I Node 70
I Node 80
[ Node 90
[ Node 100
[ Node 110
[INode 120
[C""INode 130
[""INode 140

70 80 90 100 110

Figure 8 Analysis accuracy for different population sizes and number of CNN hidden layer nodes
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Figure 9 Analysis time for different population sizes and number of CNN hidden layer nodes

(2) Comparison of results of APP design analysis
methods

In order to verify the effectiveness and superiority of
the integrated APP design and analysis method based on
BES-CNN algorithm for health data inside and outside
physical education classes in the context of "Internet+", the
integrated APP design and analysis method based on BES-
CNN algorithm for health data inside and outside physical
education classes in the context of "Internet+" was
compared with that based on CNN, GWO-CNN, HHO-
CNN, FTTA-CNN algorithm. The effectiveness and
superiority of the APP design and analysis method for
integrating health data in and out of physical education
classes under the background of "Internet+" is compared
with the APP design and analysis method for integrating
health data in and out of physical education classes based
on BES-CNN algorithm and CNN, GWO-CNN, HHO-
CNN and FTTA-CNN algorithms, and the performance
results of the models are shown in Figs. 10, 11, and 12.

Figures 10 and 11 show the analysed values and
relative errors of the APP design based on each algorithm
for the integration of health data in and out of physical
education classes in the context of "Internet+". As can be
seen from Figure 10, the analytical value of APP design
based on BES-CNN algorithm is the closest to the true
value; the analytical value of APP design based on other
algorithms for the integration of health data in and out of
physical education classes under the background of
"Internet+" has the same development trend as the true
value, which shows that the APP design analysis model
based on machine learning algorithms can predict the
change trend of the analytical value. This shows that the
APP design analysis model based on machine learning
algorithms can predict the trend of the analysis value. As
can be seen from Figure 11, the relative error between the
APP design analysis value and the true value based on the

BES-CNN algorithm is the smallest, which is controlled
within 0.017, and the remaining algorithms are FTTA-CNN,
GWO-CNN, HHO-CNN, and CNN, with the error ranges of
0.02, 0.05, 0.09, and 0.12, respectively. prediction accuracy
of the analysed values, the prediction accuracy of APP
design analysis based on BES-CNN algorithm is better than
other algorithms.

— Truth
—CNN
= (GWO-CNN
HHO-CNN
FTTA-CNN
|——BES-CNN

Evaluation value

Evaluation algorithms

Figure 10 Analysis of the design of the integrated APP
based on algorithms for health data inside and outside
the physical education classroom in the context of
"Internet+".
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——CNN
GWO-CNN
HHO-CNN
FTTA-CNN
— BES-CNN

Evaluation value relative error

40

Sample number s0 1

Evaluation algorithms

Figure 11 Relative error results of analysed and true
values based on each algorithm

Figure 12 gives the analysis time of the APP design
based on each algorithm for the integration of health data
inside and outside the physical education class under the
background of "Internet+" under different working
conditions. As can be seen from Figure 12, the RMSE
rankings of the algorithms under different working
conditions are BES-CNN, FTTA-CNN, GWO-CNN, HHO-
CNN, and CNN; the performance of the algorithms under
different working conditions is relatively stable, which
indicates that the robustness of the prediction errors of the
algorithms in the APP design and analysis is better; the
rankings of the algorithms' analysis times under different
working conditions are, in order, BES-CNN, FTTA-CNN,
HHO-CNN, HHO-CNN, HHO-CNN and CNN. BES-CNN,
FTTA-CNN, HHO-CNN, GWO-CNN, CNN; under
different working conditions, the prediction time
performance of each algorithm is relatively stable, thus
indicating that the robustness of APP design analysis
prediction time of each algorithm is better.

[ CNN
[ GWO-CNN

[T]HHO-CNN
[ IFTTA-CNN
[ BES-CNN

Evaluation value RMSE

10

[ CNN
[ GWO-CNN
[]HHO-CNN
[ JFTTA-CNN
[ BES-CNN

Evaluation value test time / s

(b) DSO-RNN
Figure 12 Time for analysing the design of the APP for
integrating health data in and out of physical
education classes in the context of "Internet Plus”

6. Conclusion

With the development of computer technology and
Internet technology, the national wisdom of sports is clearly
put forward, and the concept of Internet + sports is more
favourable to the health management of college students.
Aiming at the current problem of low precision and
insufficient objective evaluation of the APP design analysis
method for the integration of health data inside and outside
of physical education classes, this paper integrates the bald
eagle optimization algorithm with convolutional neural
network to construct the BES-CNN design analysis model
and carry out the APP design analysis with the user
behaviour data of the APP integration of health data inside
and outside of physical education classes under the
conditions of the Internet. The method analyses the design
framework of the integrated APP of health data inside and
outside physical education classes under Internet conditions,
extracts the APP design analysis indexes, constructs the
design analysis index system of the integrated APP of
health data inside and outside physical education classes in
the university, combines the BES and CNN, and puts
forward the APP design analysis method of the integrated
APP of health data inside and outside physical education
classes based on the BES-CNN algorithm. The analysis
effect between the BES-CNN analysis model and the other
four models is compared, and the difference in the model
analysis effect of the test samples is evaluated. The results
show that the prediction accuracy of APP design analysis
based on BES-CNN algorithm is better than the other
algorithms; the APP design analysis prediction time
robustness of each algorithm is better.

In this paper, the selection of influencing factors in the
model is not pre-processed and analysed, which consumes
too much time and energy. In the future, principal
component analysis can be introduced for feature selection
to further improve the analysis efficiency of the model.
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