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As an important part of the education system, college physical education directly affects the comprehensive development of
college students’ physical and mental quality. It is necessary to build a scientific and efficient evaluation index of college physical
education teaching quality. Physical fitness monitoring is an important indicator for the quality evaluation of physical education.
However, how to achieve lightweight, portable, and high-accuracy quantitative physical fitness monitoring is currently a major
challenge. In order to solve the above challenges, this paper proposes a method of constructing a physical education quality
evaluation index based on wearable devices. The wearable device collects human ECG signals, calculates the exercise intensity of
participating students, and realizes quantitative evaluation of the quality of physical education teaching. Aiming at the problems of
complex equipment and low accuracy of the existing exercise intensity detection methods, this paper proposes an ECG signal wave
group detection algorithm based on a one-dimensional convolutional neural network (1D-CNN) to obtain the heart rate
variability signal more accurately. After obtaining the ECG feature vector, the SVM classifier is used to predict the exercise
intensity. In order to verify the effectiveness of the method in this paper, the real data collected from students of one university and
a public available dataset are selected for experiments. The experimental results show that the method proposed in this paper

achieves a good performance.

1. Introduction

Physical education [1] plays an important educational role in the
education and training goals of colleges and universities. As an
indispensable and important educational link, the quality of
physical education teaching directly affects the training of tal-
ents’ comprehensive quality. The quality evaluation system
should be conducive to the healthy and harmonious develop-
ment of college students. Physical fitness monitoring is an
important indicator of physical education quality evaluation [2].
Lightweight, portable, and highly accurate quantitative physical
fitness monitoring is very important for building a scientific
physical education quality evaluation system. In the process of
sports training, it is an important part of scientific physical
education to effectively monitor the physiological parameters of
athletes and objectively assess the physical function state of
athletes: excessive exercise will cause loss of organs and internal
organs, causing irreversible damage to athletes. Insufficient

exercise will not achieve the effect of exercise, making sports
inefficient.

Heart rate [3] is a technical term used to describe the
cardiac cycle and also refers to the number of times the heart
can contract per minute during exercise. Heart rate is one of
the easiest indicators to measure the cardiovascular system.
It can reflect not only cardiovascular function but also the
degree of energy saving and recovery of the body and has
high reliability. Heart rate variability is an index to evaluate
the function of the autonomic nervous system, which can
reflect the activity and coordination of sympathetic and
parasympathetic nerves. With the deepening of research, it
has been gradually introduced into the monitoring indica-
tors of physical fitness in the process of physical training.
Changes in heart rate are the most reliable indicators for
monitoring exercise load.

Easy to wear, scientific records, etc. are the issues that
should be paid attention to in physical exercise monitoring.
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With the development of electronic information technology,
the continuous reduction of chip size, the diversification of
sensor data collection, and the continuous improvement of
computing speed, wearable exercise monitoring equipment
can well meet this challenge. This paper proposes a method
for constructing a physical education quality evaluation
index based on wearable devices. The wearable device col-
lects human ECG signals, sends them to the computer
through Bluetooth for processing, and calculates the exercise
intensity of the participating students. It can help physical
education teachers to grasp the students’ physical fitness,
functional state, and fatigue. Thus, this collected information
can favor scientific control and adjustment of curriculum
development, to achieve quantitative assessment of the
quality of physical education. The ECG signal will inevitably
be interfered by various noise signals during the acquisition
process, which will seriously affect the detection efficiency in
the automated testing process. In addition, the accuracy of
R-wave detection is the key problem for heart rate variability
signal extraction that should be solved first. In order to solve
this problem, this paper proposes an ECG signal wave group
detection algorithm based on a one-dimensional convolu-
tional neural network to obtain the heart rate variability
signal more accurately. After obtaining the ECG feature
vector, the SVM classifier is used to predict the exercise
intensity.

The main contributions of our paper can be concluded as
follows:

(1) A novel physical education quality evaluation
method based on wearable devices is proposed. By
collecting ECG signals and monitoring students’
physical fitness, the quantitative evaluation of
physical education quality is realized.

(2) An ECG signal processing method based on a one-
dimensional convolutional neural network is
proposed.

(3) A exercise intensity prediction algorithm based on
an SVM classifier is proposed to monitor the physical
fitness of participants.

(4) The experimental evaluation is launched on the data
collected from students of one university and public
available dataset. The results show that the proposed
method in this paper has good performance.

The following paper is organized as follows: Section 2
details the related work. Section 3 provides the detail de-
scription about our proposed method. Section 4 evaluates
our method based on data collected from the participants as
well as data from the public available datasets. Finally,
Section 5 concludes our paper.

2. Related Work

At present, China is actively exploring the combination of
smart wearable devices and school sports work. With the
advanced technical support, portability, and interactivity of
smart wearable devices, it is applied to school sports work to
serve school sports. The study [4] pointed out that the
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current physical condition of students is on the decline. By
developing a wearable intelligent human body exercise in-
tensity monitoring system, the physical exercise process of
students can be monitored so that the physical exercise of
students is in a reasonable intensity process [5]. Besides, it
can effectively improve the sports efficiency and improve the
physical health of students. The American College of Sports
Medicine conducts an annual survey of 2,800 fitness experts
in the United States, and the results show that the use of
smart wearable devices has become the first of seven fitness
trends. Accurate data, considerate services, and portability
provide strong support for the popularization of smart
wearable devices. With the improvement of people’s living
standards, more and more attention is paid to their physical
health. Wearable devices provide users with all-weather
services, which can motivate users to choose a healthier
lifestyle.

Heart rate is an important indicator for health assess-
ment and disease diagnosis, which can be continuously and
dynamically monitored by wearable physiological sensing
technology [6]. Heart rate can be used as an objective
evaluation index of the physiological load of human exercise,
and it is of great significance in preventing the injury of high-
intensity physical training and helping to formulate a per-
sonalized fitness plan [7]. Since most algorithms calculate
heart rate by extracting the time interval between adjacent
R-wave peaks, accurate heart rate detection relies on ac-
curate localization of the QRS complex [8].

Deep learning is a branch of artificial neural networks in
machine learning. It allows computers to learn data rep-
resentations with multiple levels of abstraction using
computational models with multiple processing layers [9]. It
has been used in many disciplines such as computer vision,
speech recognition, natural language processing, and bio-
informatics [10, 11]. More and more deep learning-based
methods are used to study the problem of arrhythmia di-
agnosis. Mathews et al. [12] proposed a deep learning-based
arrhythmia classification algorithm, using single-lead ECG
signals with a sampling rate of 114Hz for arrhythmia
classification. Plawiak and Acharya [13] used 10s ECG signal
segments to enhance features through power density esti-
mation and proposed a novel 3-layer deep genetic classifier
for arrhythmia classification. The study [14] proposed a data
augmentation technique using Generative Adversarial
Networks (GAN) to balance the dataset and effectively
improve the performance of the same model for ECG
classification. Li et al. [15] proposed an intelligent recog-
nition algorithm for ECG arrhythmia signals based on
wavelet adaptive threshold filtering and deep residual
convolutional neural network (DR-CNN), which effectively
improved the overall recognition accuracy rate, sensitivity,
and specificity of ECG arrhythmia signals.

Sarlija et al. [16] proposed a QRS complex detection
algorithm based on a one-dimensional convolutional neural
network (1D-CNN). Xiang et al. [17] applied the attention-
based two-level 1D-CNN method for QRS complex detec-
tion. First, the differential signal and the average differential
signal of the ECG signal were obtained through data pre-
processing, and then the different signals were sent to the
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FIGURE 2: Workflow diagram of the wearable device.

object level. CNN and part-level CNN are used to extract
features of different granularities of ECG signals. Finally, the
morphological features extracted by object-level CNN and
part-level CNN are fused and provided to multilayer per-
ceptron for QRS complex detection. However, the above
algorithm needs to perform multiple preprocessing opera-
tions on the signal, which is equivalent to filtering the signal,
which will filter out useful information in the ECG signal
and increase the computational complexity of the algorithm.

3. Our Method

The overall architecture of the method proposed in this
paper is shown in Figure 1. First, the ECG signals of the
students participating in the course are collected through the
wearable device. Then, the wearable device transmits the
data to the computer through Bluetooth. Next, the collected
data are preprocessed. In this phase, a one-dimensional
convolutional neural network (1ID-CNN) model is exploited
to analyze the data and extract features of QRS complex.
Finally, the ECG feature vector obtained in the previous
stage is input into the SVM classifier as training data A
classifier with three levels of exercise intensity is obtained.
During the running phase, the test data are fed into the
trained SVM classifier to detect the exercise intensity of the
participating students. It can be helpful for physical edu-
cation teachers to grasp the physical function state and
fatigue of students. Thus, the course can be controlled and
adjusted scientifically and quantitatively to improve the
quality of physical education teaching.

3.1. ECG Signal Acquisition Based on Wearable Devices.
In this paper, the IREALCARE2.0 flexible remote ECG patch
is used as a wearable device to monitor heart conditions and
collect ECG signals. It has the characteristics of small size,

light weight, and accurate and reliable measurement data. Its
core electrical signal measurement chip is ADS1291, which is
a low power 2-channel 24bit analog front end for bio-
potential measurement. After the signal acquisition is
completed, through filtering, amplification, and other op-
erations, the signal is input to the ADC, converted into a
digital signal, and finally transmitted to the back-end
computer through Bluetooth for data analysis and pro-
cessing. The workflow diagram of the wearable device can be
seen in Figure 2.

3.2. ID-CNN Based ECG Feature Vector Output Algorithm.
In this paper, the QRS complex detection algorithm based on
a one-dimensional convolutional neural network (1D-CNN)
is exploited to analyze and process the data transmitted by
the wearable device and to obtain the ECG feature vector.
The specific process is as follows.

3.2.1. Data Preprocessing. There are three main types of ECG
signal noise, namely EMG interference, power frequency
interference, and baseline drift [18]. For these three kinds of
noise signals, different filters are used to filter out these three
kinds of noise signals, respectively. The frequency of the
ECG signal is between 0.01 Hz and 100 Hz [19], generally
concentrated in 0.25-40 Hz. However, the frequency dis-
tribution of EMG signals is wide, usually between 40 Hz and
tens of thousands of Hz. For example, the EMG noise of a
single fiber is between 500 Hz and 10000 Hz [20]. Relatively
speaking, the ECG signal is located in the low-frequency
band, so a low-pass filter is used to filter out the EMG
interference signal. The power frequency interference usu-
ally includes 50 Hz or 60 Hz sine wave and its harmonic
signal [21]. Therefore, the 50/60 Hz notch filter is designed
by the window function method; that is, a low-pass filter is
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FiGure 3: Overall architecture of 1D-CNN model.

used to superimpose a high-pass filter to filter out. The
baseline drift noise is generally between 0.05 Hz and 2.0 Hz,
which is close to the frequency of the ECG signal [22], and
IIR digital filter is used to correct it as much as possible.

3.2.2. Residual Connection. CNN has the characteristics of
local connection and weight sharing [23], parameter sharing
can effectively reduce the problem of overfitting, and sparse
connection can allow the network to learn local features.
One-dimensional convolutional neural network [24] is a
convolutional neural network that uses one-dimensional
convolution to extract features from one-dimensional time
series sequences, which can ensure the extraction of local
features without losing time series features.

Existing studies have found that the deeper the network
is built, the easier it is to have gradient disappearance and
network overfitting. Residual connections can effectively
solve the problems of network degradation and gradient
disappearance. The idea of residual connection is derived
from the gating idea of LSTM, which transforms the input
nonlinearly and then performs linear superposition output
with the input.

One layer of the network can usually be regarded as y = H
(x), and the output of the residual block of the residual
network can be expressed as H (x) =x + F (x), that is to say,
the residual is the predicted value. The difference between H
(x) and the observed value y = x, that is, F (x) = H (x) — x. The
learning objective of the residual network is changed from
learning H (x) to learning residual F (x). The network only
needs to learn the difference between input and output,
thereby reducing the difficulty of learning. The output
formula of the residual block is as follows:

(1)

In the formula, x;,, is the output of the [+ 1th layer; x; is
the input of the Iy, layer; and F (x;, w;) is the residual of the I,
layer. Skip connections can quickly feed back to another
layer or even deeper layers after a network layer is activated,
thereby avoiding the loss and loss of information in tradi-
tional convolutional layers and fully connected layers during
information transfer. Using skip connections can build a
deep network to train a deeper network, which can ensure

X141 = X + F (5, wy).

that the network parameters remain unchanged and the
amount of computation does not increase, while ensuring
that the network has sufficient capacity to process more
complex data.

3.2.3. 1D-CNN Model. The common two-dimensional
convolutional neural network is often used for image
classification. The ECG signal to be processed in this paper is
a one-dimensional discrete sequence. So, the two-dimen-
sional convolutional neural network is first modified to a
one-dimensional convolutional neural network [25] to be
suitable for ECG signal feature extraction. The one-di-
mensional convolutional neural network structure used in
this paper is shown in Figure 3.

It consists of 1 input layer, 6 convolutional layers, 3
pooling layers, 1 fully connected layer, a Softmax layer, and
an output layer. First convolve the input once and then
divide the convolution output into two parts: one part is
saved as identity and the other part continues to be input to
the residual block part. The result of 2 convolutions is added
to the saved identity to obtain the residual output. Use 2
residual blocks and perform two skip connections to form
the entire residual connection part. The obtained results go
through a convolutional layer and a pooling layer to finally
get the extracted features. Finally, the output of the pooling
layer is passed through a fully connected layer and a Softmax
layer to obtain the final output result.

The convolution layer performs a convolution operation
between the feature vector of the upper layer and the
convolution kernel of the current layer. Relu is used as the
activation function to enhance the characteristics of the
original signal and reduce noise. The parameters of the
convolution layer include the length of the convolution
kernel, the sliding step length, and padding; the three to-
gether determine the length of the output feature vector of
the convolutional layer. The length of the convolution kernel
can be specified as any value smaller than the input feature
vector. The larger the convolution kernel, the more complex
the features that can be extracted. The sliding step size is the
sliding length of the convolution kernel in the horizontal
direction of the feature vector each time. For example, if the
sliding step size is 2, the convolution kernel moves once



Computational Intelligence and Neuroscience

every other point. As the convolutional layers are stacked,
the length of the feature vector gradually decreases. For this
reason, the purpose of padding is to artificially increase the
length of the feature vector to offset the reduction in the
length of the feature vector in the calculation. Common
padding methods are Same and Valid. The padding method
used in this paper is Valid, which is nonpadding, and P is 0.
The formula for calculating the length X of the output feature
vector after each convolutional layer is as follows:

W —-F+2P
f+l.

In the formula, W is the length of the input data, F is the
length of the convolution kernel, the value of P is determined
according to the type of all 0 padding, and S is the sliding
step size of the convolution kernel.

Pooling, also known as downsampling, does not change
the number of input feature vectors, but only changes the
length of each feature vector, mainly to reduce model
complexity and reduce overfitting. The most commonly used
pooling methods are maximum pooling and average pool-
ing. In this paper, maximum pooling is used to reduce the
dimension of ECG data, compress features, and extract
effective features. In the feature vector area covered by the
pooling kernel, the maximum value is selected to replace all
values in the current area [26]. The formula for calculating
the length Y of the output feature vector after each pooling
layer is as follows:

X = (2)

+1, (3)

where W is the length of the input data, F is the length of the
pooling kernel, and S is the sliding step size of the pooling
kernel. Finally, the output of the fully connected layer is
passed through Softmax to obtain the probability value to
calculate the classification result.

3.3. SVM Classifier-Based Exercise Intensity Classification
Method. The SVM classifier [27] is adopted as the classi-
fication and discrimination mechanism of different exercise
intensities. In the previous stage, the 1D-CNN model is used
to extract the ECG feature vectors. Next, the ECG feature
vectors are fed into the SVM classifier to train the classi-
fication model to achieve the goal of classification of the
exercise intensity.

In this paper, exercise intensity is divided into three
levels, namely low intensity, moderate intensity, and high
intensity. According to the sports intensity classification
standard issued by the Institute of Sports Science of the
General Administration of Sport of China (Table 1), the
metabolic equivalent of task (MET) value is 3 for low-in-
tensity exercise, 3 to 6 for moderate-intensity exercise, and
greater than 6 for high-intensity exercise. For example, the
MET value obtained from ActiGraph wGT3X-BT should be
moderate in intensity after comparing with Table 1. At the
same time, the relevant features of the ECG signal are
calculated and input into the SVM as a feature vector to
judge the motion level.

TaBLE 1: The standards of exercise intensity.

High
intensity
MET value <3 3~6 26

Exercise intensity Low intensity Medium intensity

SVM multiclassification construction [28, 29]: Since the
SVM pair initially appeared as a binary classifier, the
multiclassification effect is not good. In this paper, the voting
method of pairwise classification is adopted, and the SVM
classifier is changed to a multiclass classifier. After many
experiments, the Radial Basis Function (RBF) is selected as
the kernel function of SVM classification, the y value is set to
1, and the penalty factor coeflicient is 2.

4. Experimental Evaluation

4.1. Experimental Settings. Considering that the physical
education quality evaluation method proposed in this paper
first uses the 1D-CNN model to calculate the collected ECG
data and then uses the SVM classifier to evaluate the exercise
intensity, this paper conducts experimental evaluations on
these two parts, respectively. In this section, we first show the
experimental results of the proposed method on exercise
intensity evaluation under different sports. The performance
of the 1D-CNN model is then evaluated using public
datasets. The metrics to evaluate our method are listed as
follows, which are Accuracy, Precision, Recall, and F-Score,
respectively:

TP+TN
Accurcy = X
TP+TN +FP+FN
. TP
Precision = ———,
TP+ FP
4
p (4)
Recall = ———,
TP+ FN

Precision - Recall
ﬁ2 (Precision + Recall)’

F — score :(1 +/3’2)

Among them, f3 is used to balance the weights of Pre-
cision and Recall in the F-score calculation. In general, 3
takes 1. TP is the number of positive samples predicted as
positive samples, TN is the number of negative samples
predicted as negative samples, FP is the number of negative
samples predicted as positive samples, and FN is the number
of positive samples predicted as negative samples.

4.2. Evaluation on Exercise Intensity under Different Exercises.
In our work, 32 college students aged 22 to 28 from a
university were selected, including 22 boys and 10 girls. The
32 people were evenly divided into 2 groups according to
age, gender, and physical fitness, and each group had 16
people, namely Group 1 and Group 2. The data of Group 1
were used as training data, and the data of Group 2 were used
as test data. All students were asked to carry out 4 sports
training of uniform running, table tennis, badminton, and
basketball.



The tester wears the ActiGraph wGT3X-BT device [30]
and the wearable device on the front chest at the same time.
ActiGraph wGT3X-BT provides metabolic equivalent of task
values and collects ECG signals through wearable devices.
ActiGraph wGT3X-BT is a human motion energy con-
sumption detector, which provides MET data, and MET is
the metabolic equivalent of task.

The results are shown in Figure 4. The experimental
results of different sports are different. The accuracy rate of
these four kinds of sports (the order is: run, ping pong,
badminton, and basketball) are 87.5%, 90.625%, 100%, and
93.75%, respectively. The average accuracy among these
results is 92.97%. The false-negative rates are 9.375%, 6.25%,
0%, and 6.25%, respectively, while the false-positive rates are
3.125%, 3.125%, 0%, and 0%, respectively. The average false-
negative rate and the average false-positive rate are 5.47%
and 1.56%.

Among the results we can see that, badminton has the
highest accuracy rate, which can accurately evaluate the
exercise intensity of all participating objects. Basketball is the
next most accurate, then ping pong. The recognition ac-
curacy of uniform running is the lowest. This paper believes
that the exercise intensity during uniform running is ob-
viously less fluctuating than other sports, which may be the
reason for the low recognition rate. This also shows that the
method proposed in this paper is more sensitive to high-
intensity motion detection. In general, the average accuracy
of the method proposed in this paper reaches 92.97%, which
can meet the needs of daily courses considering the wearable
device scene. Therefore, the algorithm proposed in this paper
can carry out effective exercise intensity detection, which can
help physical education teachers to grasp the physical
function state and fatigue status of students. In addition, it
can also control and adjust the course scientifically, and
realize quantitative evaluation of the quality of physical
education teaching.

4.3. Evaluation on 1D-CNN-Based ECG Signal Processing
Algorithm

4.3.1. Datasets. To evaluate the effect of the ID-CNN model
exploited in our paper, the publicly available dataset MIT-
BIH is used in this section. The MIT-BIH arrhythmia da-
tabase includes 48 dual-channel Holter recordings, the first
23 records were extracted from routine outpatient data, and
the remaining 25 records were due to the inclusion of some
rare, complex, and difficult to identify chambers. The 48
dual-channel signal distributions are shown in Table 2. The
normal QRS complex is usually prominent in the first
channel, and the signal lead axis of the second channel is
almost orthogonal to the average ECG axis. In order to
accurately locate the position of the QRS complex, the first-
channel signal is used in this paper. In the MIT-BIH ar-
rhythmia database, 46 records were selected (102 and 104
records did not come from MLII leads, and this paper did
not use them as a dataset) and divided them into a training
set DS1 and a validation set DS2 in a cross-patient manner.
Where DS1 =(101, 106, 108, 109, 112,114, 115,116, 118, 119,
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sports.

122, 124, 201, 203, 205, 207, 208, 209, 215, 220, 223, 230),
DS2 for the remaining 24 records [31].

4.3.2. Evaluation on Varied Dataset Length. In this paper,
the R wave peak and random non-R wave peak positions in
the QRS complex are used as the center, and a fixed window
is used to intercept the data to form ECG signal segments.
According to the characteristics of ECG signals, this paper
takes the R wave peak and random non-R wave peak po-
sitions provided by the MIT-BIH arrhythmia database as the
center to take 50, 75, and 100 sampling points, respectively,
to form 101, 151, and 201 sampling points length dataset.

The experimental results are shown in Figure 5. In
general, different dataset lengths have achieved relatively
good experimental results, and the minimum precision is
over 97% among these three datasets. As can be seen from
Figure 5, the experimental results of the dataset length of 151
sampling points are in three. Each index is better than other
length datasets. The experimental results with a dataset
length of 201 sampling points are slightly higher than those
with a dataset length of 101 sampling points. Therefore, the
length of the dataset is selected as 151 sampling points to
achieve the best experimental results.

4.3.3. Evaluation on the Relationship between the Number of
Iterations and the Accuracy. The number of iterations of
CNN model training can have an impact on the experi-
mental results. In this study, the cross-entropy function is
used as the loss function, and the loss function is the op-
timization target of the model. The smaller the cross-en-
tropy, the more accurate the prediction result. Set the
number of training iterations to 100 and evaluate the change
of the loss function and model accuracy with the number of
iterations. As shown in Figure 6, as the number of iterations
increases, the loss function of the model gradually decreases
and tends to be stable, and the loss function finally converges
to around 0.02. The changes in the accuracy of the model
classification and recognition are shown in Figure 7. It can
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TaBLE 2: Channel distribution of each record in the MIT-BIH arrhythmia database.
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be seen that with the increase of the number of iterations, the
classification accuracy of the model gradually increases and
tends to be stable, and finally converges to about 98%.

5. Conclusion

Portable and quantifiable physical fitness monitoring is
helpful to build a scientific evaluation system of physical
education teaching quality in colleges and universities,
which is of great benefit to the cultivation of talents’
comprehensive quality and to the healthy and harmonious
development of college students. Heart rate is an important
indicator for health assessment and disease diagnosis. It can
objectively evaluate the physiological load of human exercise
and can be continuously and dynamically monitored by
wearable physiological sensing technology. Aiming at the
problems of low accuracy and inconvenience of existing
methods, this paper proposes a method for constructing
physical education quality evaluation indicators based on
wearable devices. The wearable device collects ECG signal of
the participant and computes the exercise intensity to
achieve the goal of quantitative assessment of physical ed-
ucation teaching quality. In order to solve the problem of
noise interference in the process of ECG signal extraction,
which affects the detection efficiency, a one-dimensional
convolutional neural network model is introduced in this
paper. After the ECG feature vector is output, the SVM
classifier is used to efficiently classify the exercise intensity of
the participants. The experimental results show that the
method proposed in this paper can achieve continuous and
convenient physical monitoring, and at the same time can
obtain good performance. This is of great significance for
helping physical education teachers to grasp the physical
state and fatigue of students, scientifically control and adjust
curriculum development, and achieve a quantitative eval-
uation of physical education teaching quality.

Data Availability

All data used to support the findings of the study are in-
cluded within the article.

Computational Intelligence and Neuroscience

Conflicts of Interest

The author declares no conflicts of interest.

Acknowledgments

This paper was supported by Research Topic of Higher
Education Teaching Reform in Jilin Province in 2021:
Construction of the Evaluation Index System for the Usual
Performance of Public Physical Education Courses in
Universities (Granted No. JLJY202129122562).

References

[1] G. Starc andJ. Strel, “Influence of the quality implementation
of a physical education curriculum on the physical devel-
opment and physical fitness of children,” BMC Public Health,
vol. 12, no. 1, pp. 61-67, 2012.

[2] M. Kozhokar, Y. Kurnyshev, Y. Palichuk, L. Balatska, and

O. Yarmak, “Monitoring of the Physical Fitness of 17-19 Year

Old Young Men during Physical Education,” Journal of

Physical Education and Sport, vol. 18, 2018.

S. J. Strath, A. M. Swartz, D. R. Bassett, W. L. O’Brien,

G. A. King, and B. E. Ainsworth, “Evaluation of heart rate as a

method for assessing moderate intensity physical activity,”

Medicine & Science in Sports & Exercise, vol. 32, pp. S465-

$470, 2000.

[4] B.Li S. Yu, X. Yang, and Y. Zheng, “Wearable based exercise
intensity monitoring system,” Application of Computer Sys-
tem, vol. 24, no. 5, pp. 32-39, 2015.

[5] R. Lindberg, J. Seo, and T. H. Laine, “Enhancing physical

education with exergames and wearable technology,” IEEE

Transactions on Learning Technologies, vol. 9, no. 4,

pp. 328-341, 2016.

P. Sharma, S. A. Imtiaz, and E. Rodriguez-Villegas, “An al-

gorithm for heart rate extraction from acoustic recordings at

the neck,” IEEE Transactions on Biomedical Engineering,

vol. 66, no. 1, pp. 246-256, 2019.

[7] E.Sun, C.Yi, W.Li,and Y. Li, “A wearable H-shirt for exercise
ECG monitoring and individual lactate threshold comput-
ing,” Computers in Industry, vol. 92-93, pp. 1-11, 2017.

[8] N. Ganapathy, R. Swaminathan, and T. M. Deserno,
“Adaptive learning and cross training improves R-wave de-
tection in ECG,” Computer Methods and Programs in Bio-
medicine, vol. 200, Article ID 105931, 2021.

[9] Y.LeCun, Y. Bengio, and G. Hinton, “Deep learning,” Nature,
vol. 521, no. 7553, pp. 436-444, 2015.

[10] Y. Bengio and O. Delalleau, “On the expressive power of deep
architectures,” in Proceedings of the International Conference
on Algorithmic Learning Theory, pp. 18-36, Springer, Berlin,
Germany, October 2011.

[11] G. G. Que, Q. Yuan, and Y. Li, “Focal EEG recognition based
on deep network with transfer learning Chinese,” Journal of
Scientific Instrument, vol. 41, no. 5, pp. 164-173, 2020.

[12] S. M. Mathews, C. Kambhamettu, and K. E. Barner, “A novel
application of deep learning for single-lead ECG classifica-
tion,” Computers in Biology and Medicine, vol. 99, pp. 53-62,
2018.

[13] P. Plawiak and U. R. Acharya, “Novel deep genetic ensemble
of classifiers for arrhythmia detection using ECG signals,”
Neural Computing ¢ Applications, vol. 32, no. 15,
pp. 11137-11161, 2020.

[14] A. M. Shaker, M. Tantawi, H. A. Shedeed, and M. F. Tolba,
“Generalization of convolutional neural networks for ECG

[3

[6



Computational Intelligence and Neuroscience

classification using generative adversarial networks,” IEEE
Access, vol. 8, pp. 35592-35605, 2020.

[15] D. Li, H. X. Zhang, Z. H. Q. Liu, J. Huang, and T. Wang,

“Deep residual convolutional neural network for recognition

of electrocardiogram signal arrhythmias,” Journal of Bio-

medical Engineering, vol. 36, no. 2, pp. 189-198, 2019.

M. éarlija, F. Jurisi¢, and S. Popovi¢, “A convolutional neural

network based approach to QRS detection,” in Proceedings of

the 10th International Symposium on Image and Signal Pro-
cessing and Analysis, pp. 121-125, IEEE, Ljubljana, Slovenia,

September 2017.

[17] Y. Xiang, Z. Lin, and J. Meng, “Automatic QRS complex
detection using two-level convolutional neural network,”
BioMedical Engineering Online, vol. 17, no. 1, pp. 13-17, 2018.

[18] W.Jenkal, R. Latif, A. Toumanari, A. Dliou, O. El B’charri, and
F. M. Maoulainine, “An efficient algorithm of ECG signal
denoising using the adaptive dual threshold filter and the
discrete wavelet transform,” Biocybernetics and Biomedical
Engineering, vol. 36, no. 3, pp. 499-508, 2016.

[19] C. Saritha, V. Sukanya, and Y. N. Murthy, “ECG signal
analysis using wavelet transforms,” Bulgarian Journal of
Physics, vol. 35, no. 1, pp. 68-77, 2008.

[20] G. Bortolan and I. Christov, “Dynamic filtration of high-
frequency noise in ECG signal,” in Proceedings of the Com-
puting in Cardiology 2014, pp. 1089-1092, IEEE, Cambridge,
MA, USA, September 2014.

[21] J. Li, G. Deng, W. Wei, H. Wang, and Z. Ming, “Design of a
real-time ECG filter for portable mobile medical systems,”
IEEE Access, vol. 5, pp. 696-704, 2017.

[22] D. Zhang, “Wavelet approach for ECG baseline wander

correction and noise reduction,” in Proceedings of the 2005

IEEE Engineering in Medicine and Biology 27th Annual

Conference, pp. 1212-1215, IEEE, Shanghai, china, January

2006.

R. Takahashi, T. Matsubara, and K. Uehara, “A novel weight-

shared multi-stage CNN for scale robustness,” IEEE Trans-

actions on Circuits and Systems for Video Technology, vol. 29,

no. 4, pp. 1090-1101, 2019.

O. Abdeljaber, O. Avci, S. Kiranyaz, M. Gabbouj, and

D. J. Inman, “Real-time vibration-based structural damage

detection using one-dimensional convolutional neural net-

works,” Journal of Sound and Vibration, vol. 388, pp. 154-170,

2017.

D. Li, J. Zhang, Q. Zhang, and X. Wei, “Classification of ECG

signals based on 1D convolution neural network,” in Pro-

ceedings of the 2017 IEEE 19th International Conference on

E-Health Networking, Applications and Services (Healthcom),

pp- 1-6, IEEE, Dalian, China, October 2017.

S. Kiranyaz, T. Ince, and M. Gabbouj, “Real-time patient-

specific ECG classification by 1-D convolutional neural

networks,” IEEE Transactions on Biomedical Engineering,

vol. 63, no. 3, pp. 664-675, 2016.

Y. Yang, J. Li, and Y. Yang, “The research of the fast SVM

classifier method,” in Proceedings of the 2015 12th Interna-

tional Computer Conference on Wavelet Active media Tech-
nology and Information  Processing (ICCWAMTIP),

pp- 121-124, IEEE, Chengdu, China, December 2015.

[28] M. Hu, Y. Chen, andJ. T. Y. Kwok, “Building sparse multiple-
kernel SVM classifiers,” IEEE Transactions on Neural Net-
works, vol. 20, no. 5, pp. 827-839, 2009.

[29] G. Madzarov, D. Gjorgjevikj, and I. Chorbev, “A multi-class
SVM classifier utilizing binary decision tree,” Informatica,
vol. 33, no. 2, 2009.

(16

[23

[24

[25

[26

[27

[30] Wearable device  ActiGraph = wGT3X-Bt,
actigraphcorp.com/actigraph-wgt3x-bt/, 2022.

[31] A. J. Khalaf and S. ]J. Mohammed, “Verification and com-
parison of MIT-BIH arrhythmia database based on number of
beats,” International Journal of Electrical and Computer En-
gineering, vol. 11, no. 6, 2021.

https://


https://actigraphcorp.com/actigraph-wgt3x-bt/
https://actigraphcorp.com/actigraph-wgt3x-bt/

