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Abstract
The Internet of Things (IoT) development made it possible for technology to communicate physical education by connecting
cost-effective heterogeneous devices and digital applications to uncontrolled and accessible environments. The traditional
physical education monitoring environment creates crucial manual efforts on athletes’ activity observations and tracking
consistently. Similarly, remote monitoring and assessment of athletes in sports training seem to be barriers to physical education
monitoring and training. It creates various chances to improve training and education through technology advancements like
IoT and deep learning. Students can efficiently monitor their physical behavior to increase their physical and psychological
benefits. The IoT-assisted physical activity monitoring device is proposed to track students’ physical activity and enhance
outcomes. The management ability allows students to organize and increase speed their physical activity in a wellness manner.
In addition, this study examines the connections between monitoring ability which is an essential component for sports
activities and physical activity. This system collects essential information from IoT-based wearable devices that interact
with the data in real time by virtualizing the device. The IoT network includes several device activities and monitors the
heartbeat and physical body temperature of a person. The analysis of specific studies and student feedback shows that the
designed virtual system of physical educations is effective in its application and implementation and provides a reliable
guide for developing student physical educational systems. The experimental analysis is evaluated; the solution offered is
developing and supporting physical education and training approaches in reality and creates healthy environment systems
to solve the health monitoring challenges posed by IoT devices. The proposed method has achieved extraordinary physical
activity monitoring compared to the conventional systems, as shown by experimental findings. The simulation analysis of
physical education can help students and improve the associated aspects of physical abilities with high accuracy ratio (98.3),
prediction ratio (96.5%), interaction ratio (94.4%), performance ratio (95.1%), the efficiency ratio (93.2), F-score (92.2%),
and reduce error rate (17.5%) and physical activity patterns.
Keywords Internet of Things (IoT) · Physical activity · Physical education · Students · Wearable device
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Significance of IoT-assisted physical
education training network virtualization
and resource management
The training effect of physical education is an important
aspect of the educational sector and is directly linked to
progress in national education and health [1]. Physical activity and thus physical education help pupils build competence
and self-confidence. Sports at schools and colleges assist
students in acquiring a wide variety of abilities and teaching them techniques, methods, and newer ideas for success
at home and school. This reason is why physical education
programs are so important at schools and colleges. Several
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challenges in training experience such as lack of detailed
analyses of virtual training analytical activity are shown
by current data [2]. The overall growth has been demonstrated that students constantly demand the substance and
form of physical education [3]. Physical education at educational institutions does not fulfill the standards influencing
the increasing change of education [4]. Physical education
approaches that correspond to training at academic institutions and improve student effectiveness are highly significant
to analyze [5]. It offers a possibility to create physical education by developing virtual network technology, the Internet
of Things (IoT), and wearable device advanced information
technology [6]. IoT and wearable technology in sports introduce a new era in athlete training, mostly for performance
monitoring/evaluation and fitness assessment. To do this, IoT
wearable technologies are typically employed, which rely on
sensor systems. It gathers, analyzes, and sends information
such as biomarkers or other relevant indications that can be
used to assess the athlete’s capability and evaluate its physical and health problems, therefore enhancing its performance
levels. To measure athletic performance, virtual networks are
utilized as training aids in various sports such as golf, athletics, skiing, cycling, etc.
The current development of physical activities in educational institutes using environments and resources is ineffective [7]. They unaware that their physical activity and
extracurricular activity management cannot provide actual
student needs [8]. Basic principles of management are by
the different practices of the students [9]. Physical activities are conducted in educational establishments are largely
alone and analytically insufficient [10]. The IoT gives various opportunities to improve education and training using
deep reinforcement learning [11]. Combining multiple applications of deep reinforcement learning techniques with IoT
data and wearable physical analytics can accurately monitor each student’s physical condition [12]. As part of an IoT
alliance, cloud computing stores data from IoT devices in
the cloud. In the cloud, computer resources are stored on a
centralized server that can be accessed anytime needed. The
IoT generates sensor data, and cloud computing provides a
convenient way to transport and store that data. Infrastructures based on Internet cloud computing enable IoT to make
sense of the vast quantity of data created. If users want more
or less storage, they may do it without any concern. As the
volume of data created grows, they can simply scale up their
storage and pay only for what they need with Internet cloud
computing.
Deep reinforcement learning enables customized education in flexible physical activities [13]. The new economic,
physical education system is based on modern information
technologies, such as deep learning and IoT [14]. Its core is
students’ training and physical education, the provision of
technical strategies, and the particular qualities of physical
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activities [15]. For deep reinforcement learning to work in
sports training, incentives and penalties are used to educate
a decision-making agent on making optimum judgments. By
delivering feedback on actions that lead to specific results, it
aims to mimic how we learn as athletes via trial and error.
Reinforcement learning frameworks can be tested using realtime sports monitoring, since they generally give a clear
positive or negative outcome that can be utilized as the
intended reward signal.
Physical education aims to increase students’ physical
experiences and abilities, well-being, and the capacity to
use it in a wide range of physical activities [16]. Physical
education is usually defined as an organization of sports
and physical training [17]. All these interactions together
provide an essential understanding of the physical education concept [18]. Physical education focuses on physical
conditioning and the ability to do and appreciate physical
exercise [19]. An effective study in physical education should
include instruction, student, emotional health and trainers,
quality education, and a student assessment [20]. Physical
training helps students to build confidence and physical abilities. For example, the education offers students activities
to identify and improve their skills, such as running, catching, throwing, etc. [21]. Physical education develops strength
and improves the ability to participate for a lifetime in physical activity. Physical education programs promote health
advantages and disadvantages of daily exercise and balanced
healthy intake in the dysfunction and poor diet [22, 23]. It
improves the psychological and community abilities of the
students and contributes positively to their physical, social,
emotional, and psychological growth [24]. Physical exercise
can thus be used as a sector not concentrated on physical conditioning to develop a range of competencies and abilities.
The physical activity teaches collaboration, respect, integrity,
confidence, growth in grace, and the loss of hope. Assuming
that physical activity constantly reduces with age, the average
level and the variation of physical challenges are assumed to
rise with increased physical education. In short, the results
show that physical activity motivation can improve physical capabilities for regular exercise and increase physical
conditioning. This study gives opportunities for supporting
IoT-based education in the sectors of students and behavioral health development and recovery through the described
methodology, as especially established to monitor physical
control abilities.
The main contribution of the paper is:
• Designing the IoT-PAMD is proposed for monitoring and
enhancing students’ physical fitness.
• This study explores interactions that are important to sports
activities and physical activity between monitoring capabilities.
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• This system collects critical data from wearable IoT-based
devices and communicates with data in real time by virtualization.
• The experimental analysis evaluates the solution that offers
to develop and support physical education and training systems and promote effective environment systems to solve
the challenges posed by IoT devices for health monitoring.
The remaining structure of the paper is organized as follows: “Literature work” explores the related work and its
corresponding discussion, and “The Internet of Things-assisted physical activity monitoring” details the proposed
IoT-PDMD for monitoring the physical activity. In “Results
and discussion”, results and discussion have been compared
with an existing method. “Conclusion” concludes the paper
based on the previous section’s analysis and discussion.

Literature work
Children who participate in physical activities in and out of
school should get the skills and confidence to participate in
a wide range of physical activities. All children can enjoy
and achieve various physical activities with the help of a
high-quality PE program that incorporates technology. This
section summarizes the comprehensive literature study with
the most significant research on physical education monitoring and training using IoT and machine intelligence.
An artificial neural network (ANN) based on accelerometer data processing was presented by Du and Nan [25]. As part
of the audit, accelerometer-based wearable movement identifiers were used to measure real actions, such as postural and
movement arrangement, energy consumption, fall detection,
and assessment of balance control evaluations. There were
comparisons between the FPGA tool’s current development
status and the entire perspective of potential technologies.
They gave a reliable guideline for further reform of college
physical activities.
Haible et al. [26] determined that persons have to effectively control their physical activity to increase the associated
health benefits. Controlling ability enables the person to
improve health structure and pace physical activity. The concept was established in a framework of health skills related
to physical activity, and is connected to health literacy and
physical literacy. Therefore, this study focused on establishing a self-reporting scale to measure students’ physical and
psychological aspects of control skills. The second issue
analyzed the interaction between control experience and
its basic elements, information, motivation, control ability,
sport, and physical conditioning. In addition, the data supported the importance of maintaining skills to gain health
benefits through physical activity.
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Zhong et al. [3] introduced the system that continuously
monitors safety culture using different sensors associated
with the physical activity recognition and monitoring model
(PARMM), regarded as a major paradigm of smart health
care. This research developed a secure, energy-efficient student monitoring system capable of providing health data
in real-time studies. This could enable students to monitor
students’ health statistics for temperature, heartbeat, pressure, and body temperature in real time. This paper extended
PARMM to developing IoT (IoT) technology by integrating
diverse economically efficient wearable gadgets to open environments. The experimental study was validated to solve the
new issues of the IoT environment for effective health monitoring for college students according to PARMM systems.
Telford et al. [27] aimed to assess the implementation,
acceptance, and impact of physical education (PE) distribution as part of the physical education and physical literacy
approach (PEPLA) designed to improve teachers’ physical
education and physical literacy opportunities in urban educational institutions. The role of the trainer was to support
teachers and develop professionally in physical education
and develop chances for physical literacy in and out of the
school environment. The PEPL trainer involved frequent
physical activity before and after, schools and a training system for sports activities. PEPL was well received by teachers
and management, and the teachers’ approach led to physical education being introduced in their weekly education
curriculum and external sport training programs.
Jalal et al. [28] expressed the new human activity recognition system (HARS) to monitor physical activities from
continuous sequences by inertial sensors. In particular, they
reported on wearable sensors that continuously monitor
human health by a range of positions and behaviors to provide people with effective and timely care. The proposed
HARS filtered the one-dimensional signal using a brief filter
that checks the low and upper frequencies for optimal sensor data processing. The suggested system was applied and
evaluated on three challenges for the model’s viability to be
assessed.
Lee et al. [29] demonstrated that the attitude and perspective of older people were linked to their participation
in leisure-time physical activity (LTPA) to provide insight
into physical activity promotion. Multiple surveys have been
used to evaluate the attitudes and perspectives of elderly persons in different fields. The associations between predictors
and outcome variables were examined through a technique for adjusted multivariate. Psychological variables were
connected substantially with older ones LTPA, such as selfefficacy, intrinsic motivation, spiritual involvement, social
connections, and neighborhood safety. In contrast, neighborhoods’ perceived social relations and safety measures
showed varying walking and sports and exercise relationships with their intensity.
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Based on extensive data analysis, QI–QI Zhang [30] developed an intelligent control mechanism for sports players’
training progress. Through the construction of the evaluation
system, the intelligent control algorithm of sports athletes’
training intensity was improved, and the operating effectiveness of the intelligent control model of sports athletes’
training intensity was ensured. Simulation tests were carried
out to check the model’s energy, and the findings demonstrate
that most models are effective. Analysis-wise, the intelligent
model of athletes’ training development is beneficial for our
research extension.
According to a recent study review, students with practical backgrounds can benefit from motion tracking systems
by determining where they are physically located. Consequently, these models can rapidly and effectively construct
training plans, address the data fluctuation issue under the
trend of big data division, and achieve intelligent operation,
among other things. This research implements deep reinforcement learning to ensure accurate data analytics with
minimal processing stages and complexities. Based on the
survey, accuracy ratio, prediction ratio, performance ratio,
efficiency ratio, interaction ratio, F-score, and error rate in
existing PARMM, PEPLA, HARS, and LTPA methods.

The Internet of Things-assisted physical
activity monitoring
The physical activity and resource management based on
an IoT system collects student physical data on wearable
sensing devices with accessibility and protected intermediate systems. The wearable devices can collect information on
physical health, such as weight, sleep, heart rate, and blood
pressure in a student’s environment. Due to the technical
and operational range of accelerometers and GPS microelectric systems, personal assistance devices are frequently
used for monitoring and access by normal students of certain
low-level physical types. The virtualization network is generally supported with wired and wireless connections such
as Bluetooth and wireless Internet. Physical activity monitoring systems have been used for students assessed healthy data
under controlled conditions such as improving the quality of
a living and replicated activity sequencing. The technique
is analyzed by wearable devices to monitor the biomedical parameters of students during their everyday physical
activities. Wearable devices have become more desirable
without assisting in everyday student physical activities to
monitor. Such devices can be more physiological signals, as
their activity and development are calculated by positioning
them within the body in several places. Improved competitive correspondence innovation, economical processing,
and low service associated with IoT wearable devices have
prepared the way for minimum effort and orderly long-

123

Complex & Intelligent Systems (2022) 8:1229–1242

range physical health monitoring. This data collection aims
to provide students with essential information for identifying physical activity and monitoring the involvement of
healthy students in the data collection process. The physical activity evaluation aims to determine the frequency,
length, intensity, and types of student behavior. Monitoring
heart rate by accelerometers and wearable devices are all
standardized approaches for physical activity evaluations.
Physical activity assessment provides vital information on
an individual’s fitness regarding specified health standards,
awareness-raising of students, and physical activity requirements monitoring. The purpose of the IoT-assisted physical
activity monitoring device is to promote the healthy environment of students. The proposed approach uses IoT and
wearable wireless devices for student physical activity data
analysis.
Figure 1 shows the components of physical education.
This paper found that similar difficulties can be seen in three
principal components: physical education games, dance, and
gymnastics. Professional trainers at educational institutions
often focus on physical activity that students usually enjoy
and can easily be taken into account to deal with their perceived obstacles in physical education without a high level
of specific content experience. Physical training has been
critically analyzed to bring together more education that can
be defined strength and student physical fitness. The effects
of physical education for students can be increasingly recognized and the reality of health. It is considered that more
direct teaching of skills and physical conditioning is more
effective than physical training to increase the chances of
students taking part in organized sport and physical activity. This concentration on abilities and physical activity goes
against play games that take the immediate interests of students for many specialist trainers in the classroom. Sports
have more personal significance in skills and physical training sessions, and sports typically create higher passion and
participation.
The separation of the ’field’ of physical education is
another challenge for a specialist teacher at an educational
institution. In contrast to a training and fitness session, a
sport is essentially a social event, where the need to achieve
as an individual is the main motivation. These individually
focused situations can often isolate students from positioning themselves in a successful. However, the present paper
is concerned that the existing training method addresses the
student’s needs and provides conditions for students to participate in effective physical activity. Such activities should not
come from requests for evaluation and reporting to evaluate
students against more general data sources.
The focus of their activities is a significant difference
between these three positions. Physical training in large open
spaces such as the sports field and the playground usually
occurs. In less formal areas such as the park, outdoor train-
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Fig. 1 The components of
physical education

ing often takes a step further. Physical education is typically
given out in a classroom environment. Each of these sections covers a different technique to connect students to the
educational information. Each implies another interaction
that is most prevalent in the present teaching approaches
between students and curriculum. Succession describes the
relation between health, physical education, and outdoor
physical training. Figure 1 shows an end to this continuum
of health education intended to give back specific knowledge related to health education provided by the curriculum.
Students can remember these facts when necessary and it is
assumed that students can transfer their knowledge of the
classroom to other housing conditions. The assumption of
knowledge directly leading to positive abnormal behavior
changes is difficult for most trainers. The effective process for
physical education is to establish supportive education institutions, community policies, and practices to enhance what
can be learned in education. However, the physical education
form centered on a classroom embraces a teaching approach
motivated by the fundamental and relatively abstract understanding that starts from the curriculum directly and aims to
give students that. Although there are still desires and results
to be achieved, the student’s interests are answered explicitly
in the teacher’s thoughts. The trainer aims to define a relatively long-term scenario that is responsive to the students’
attentiveness, usually without any specific reference to the
formality of the curriculum contents and can properly use
the potential of the external discussion on physical education.
There are results meant for this experience shared language
of a formal curriculum that often combines abstract data are
often difficult to analyze. Physical education appears to be

partitioning the curriculum between every end including by
student’s interests during sports, often in connection with the
more education process, as in physical activity training.
Although personal and social components are considered important elements in physical education, instructional
approaches usually relegate many of these components to
classroom management. Physical education should be performed by responsive presenting rather than by a determined
effort to understand coherent ideas. However, several of the
student’s interests related to physical education can be found
within these personal and social components. In systematic
physical training, skill and fitness components can take a
student-appropriate position as a developing focus instead
of an emotion beginning with these personal and social elements.
Figure 2 illustrates the physical activity and resource
management with competent care monitoring. The IoT fourlayer physical activity resource management framework
uses interoperability and security protocols to collect personal data from various wearable sensor devices. Wearable
devices such as sleep, weights, heart rate, blood pressure,
and student background can collect physical health data. As
accelerometer technology and GPS microelectromechanical
system technological and operational maturity are technically operating, ordinary students widely use personal
assistance devices to monitor and access certain low-level
physical activity types. The network is usually wired and
wirelessly supported such as Bluetooth and Wi-Fi networks.
The data typically contain redundancy to be extracted and
transmitted in an under classified data layer from preprocessing to event form as indicated in Fig. 2. An IoT gateway
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Fig. 2 Physical activity and
resource management with
smart care monitoring analysis

router that uses cellular WAN connections is a smart Internet
gateway that IoT devices and sensors use to access the Internet. A hard-wired Internet connection such as Ethernet, fiber
optics, cable, DSL, etc., is no longer required for the IoT system to work. The access points act as a hub that connects all
stations. It acts as a focal point for communications, extending the range of wireless users’ connections. The local area
network provides a different place from which devices can
join the network, allowing more devices. This paper aims
at cleaning and degrading information organized into time
windows that are the same and uneven to identify them. The
main signal functionality is extracted in extraction phases to
create a more flexible and powerful screen. Combining the
student context leads to a high level of regular activity, such
as eating, cooking and dressing.
Physical activity monitoring technique is widely used to
monitor various the physical health condition that an individ-
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ual communicates possible abnormalities, reducing clinical
times, reducing hospital costs, and improving quality of
care in real time to students, parents, and the trainer. IoT
applications gathering physical data from the student to be
accessible remotely can monitor health care systems. The
user interface, data collector, and Internet connectivity are
part of those applications. The IoT device storage integration and data transfer architecture can be implemented in
this approach. This approach aims to visualize sensed data in
real time to transmit, store, and turn data accessible; development of IoT-based platform providers that integrate people
healthcare providers and devices in the same context. It is
an Internet data management platform that improves and
standardizes IoT applications and addresses device interoperability. Healthcare professionals can evaluate student data
from faraway locations and request emergency help if necessary. Another solution is a smart device portal that takes
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Fig. 3 Different types of
wearable device technology

data processes and saves them in the IoT cloud for wearable
device monitoring to every physical health system. Figure 2
illustrates a wireless network body architecture, a personal
server using a smart home digital assistant, and a medical
server on an IoT wearable device system. The supervisor
system displays it and coherently by receiving preprocessed
data. The results suggest that the quality of life of persons
is improved. A device’s hosting effectively shows the saved
data on the website. Healthcare providers can easily access
the Internet to evaluate the data. A physical activity monitoring system is proposed for body temperature. It offers
non-invasive monitoring of blood glucose that sends student
data in real time to healthcare professionals. The device proposed and monitored the physical condition of students using
a monitoring system and a heart rate sensor.
The flexing angle data created by the physical activity
are transmitted for wearable device analysis, preventing several times a week from traveling to the doctor. Healthcare
providers transmit the acquired data to the cloud for IoT
device access. A student physical health monitoring platform
is described for data collections, and sensors are connected
directly to the IoT device for student data. The data are processed and saved in the IoT cloud for healthcare providers
to access and monitor the physical condition. The IoT technology allowed for personalized physical healthcare system
implementation and success in health, considering the current work on physical healthcare systems enabled by IoT
and technology capabilities for IoT health care. The monitoring device can identify participants who can benefit from
a physical activity monitoring system once positive results.
Integrated cloud computing and the IoT system for health

surveillance of students and efficient virtual care surveillance
system with heart disabilities using ECG are highly encouraging. A secure data aggregation management approach
for physical health monitoring systems improves data collection quality and security. Security research shows that
the suggested technique protects the confidentiality of data
authenticity and data security can effectively survive passive
scam and reproduction attacks.
Figure 3 shows the types of wearable device technology.
Wearable devices, such as watches, shoes, shirts, glass, and
body sensors, can be attached to the body, as illustrated in
Fig. 3. These devices are supposed to connect them to student body sensors to show body temperature, heart rate, and
blood pressure. A method designed for monitoring vital signs
at rest homes for people is detailed in this connection. Student clothing sensors collect information to monitor their
aspects of health. Suppose a student presses a button, and
the important data send for analysis to the healthcare professionals, such as oxygen saturation, blood pressure, and heart
rate. The research, as though the system presented, has more
particular wearable devices. It allows access on the cloud
to real-time data, and monitors blood pressure, temperature,
and oxygen saturation. Data are collected using wearable
devices and transmitted for analytical purposes to physicians. More generic systems are found that collect devices
store and retrieve data in real time on the cloud. The Internet of things and medical devices as alternative technologies
for identifying and controlling stress by cloud-based services, digital assistants, and wearable smart health devices for
collecting and processing significant data sets that monitor
long-term stress behavior. An ECG remote monitoring sys-
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tem integrated with the Internet of things for long-term health
regulations. A study of the wearable device and the respective data integrity and privacy measures available once smart
wearables are exposed to numerous cyber threats creates new
security difficulties in collecting data and other connected
IoT components and applications.
Wearable devices are designed for each person to implement their moving vectors in a virtualized context. These
evaluate their localized positions with the main objective
of walking a prediction system to increase detection performance. The advantages of wearable and Internet-of-things
technologies in improving realistic task-based physical education situations show that using these solutions can be
effective by freeing the trainers from recording each student’s
tasks during the classroom. Characteristics of IoT scenario
wearable applications and interaction designs between wearable devices and smart objects are discussed. Implementation
of an application for wearable devices to evaluate defined
models of interactions in an intelligent setting employed in
the IoT testing ground of their department. The wearable
devices and IT infrastructure utilized for disease consider
how this technological device might transform diagnostics
and treating paradigms. A method for detecting and monitoring virus infections is based on physical health monitoring
system IoT and cloud technologies.
Figure 4 shows the physical activity index for student data.
Given the limited and real decision signal providing relevant data for the variation in the received power the physical
activity monitoring method quantifies the physical activity,
an index is used in the monitoring system. The proposed measure is the standardized power to demonstrate the student’s
training. The standard power ensures the independence of
the physical activity index from a distance between the monitoring device and the student
AI(m) 

ma


max gc ( pm (i, j)).

(1)

i1

As Eq. (1) describes, combine the variation of the action
according to several columns i and j. For a demonstration of
the activity index (m), estimate in each column the sum of
the standardized power. Where M is the entire time recorded
for pm represents a standardized health mapping power, and
max gc indicates a maximum column
p0 +P

IMD 

b y ( p)dt.

(2)

p p0

As Eq. (2) defines, the extensive experiments show that
students can accurately estimate energy consumption using
a monitoring device and increase the proposed system F
score value. In the period P starting at p0 , the estimation
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Fig. 4 Physical activity index

bases on a physical activity value calculated as follows in
Eq. (2). This activity value of IMD, the integral part of the
device output modulus, correlates with the signal energy of
all accelerometer axis over the time b y . The amount of movement experienced by the sensor during period dt, therefore,
matches well. Before integration, the signal is reduced to a
bandwidth of between 0.11 and 20 Hz to remove frequency
components (mainly gravity) that are not part of active physical activity.
The vector position p j measures the value of the di total
between the two consecutive sample values of the ith coefficient. It creates a straight line of two points and is defined
as
pj 


s j + s j+1 + s j+2 .

(3)

As equation explores when the current three device signal
samples are s j ,s j+1 and s j+2 as described in Eq. (3). The
physical activities running and walking are shown with a red
signal and a blue signal. The vector of the running activity is
represented by a purple dotted line with a green dotted line
representing the position vector of the walking activity
MA 

N


b j gn+ j + µn .

(4)

n0

As Eq. (4) computes, each activity signal is shown by
the moving average MA function as a feature vector of the
preceding sample plus the error sequence. These aspects
describe the specific activity pattern µn and return an actual
value when the pattern is found. It is used especially for feature extraction and is defined as Eq. (4). Here, gn+ j is the
sample data’s n + j feature b j indicates MA and the current
sensor signal sample n is an error series. For every activity pattern, the moving average used in this paper gives the
maximum result.
Figure 5 shows the physical activity monitoring data from
the wearable device. The waveform length features are used
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Fig. 5 Physical activity monitoring data

primarily for the measurement of the signal complexity in
ECG data. These are used by wearable sensing devices to
monitor human physical activity. In addition, by collecting
the negatives of the current sample from the last sample and
adding these, this equation effectively estimates each activity
signal’s complexity. These features provide information on
amplitude, frequency, and time
WL 

N



d j − d j−1 .

(5)

nology in the institution of physical education. The system
experiences a virtualization network and wearable device end
collects required data and interacts in real time from the IoT.
The IoT wearable devices can offer virtual technology to
set up a real-time information system, scientific reference
system, and advanced technologies platform. First, various
physical activity monitoring devices are studied in IoT and
identified in it. The solution provided for student health is
based on the intelligent wearable device. It collects the heartbeat rate and the temperature level of the student and notifies
trainers in real-time data access. In this work, the possibility
of using IoT wearable devices sensed data as a resource for
active monitoring had been established using a method of
non-contact physical activity monitoring. The experimental
results demonstrate that monitoring physical activity effectively collects student physical movements and activities in
the health care application. Physical activity monitoring is
designed for wearable devices that allow the continuous collection of student physical data. Some studies have shown
that wearable devices that collect essential physical and physiological student data have increased. These aim to monitor
the student’s everyday physical activity at developing technology to monitor and support physical conditions, including
heart rate, body temperature, and virtual and wearable device
sector development. The order of representing the physical
activity monitoring data of the simulation parameters of IoTPAMD is shown in Table 1.

n0

As Eq. (5) calculates here, waveform length WL is physical activity data and d j is the actual sample’s feature vector,
d j−1 is the previous sample, and N is the total sample number
in the original activity signal.
The entire section summary can be demonstrated as follows: this section began with the theoretical background to
the proposed IoT-assisted physical activity monitoring system and its working principle. The major component of
physical and sports education was well deliberated. This section then presented the architectural design of the physical
activity and resource management with smart care monitoring analysis. The statistical modeling of the proposed
framework was finally detailed with mathematical formulations.

Results and discussion
A significant technical way to enhance the academic and
effective level of physical education training in educational
institutions can be to improve the creation of the level of
education by virtual networks in educational institutions and
actively support education reform. This paper explores the
application prospects for the technology of wearable tech-

(i) Accuracy ratio (%)
The deep reinforcement system model improves accuracy and indicates significant changes in student physical activity. Instead of using a monitoring device for
collecting data to classify the physical activity with
high accuracy has increased and the average error is
reduced using a multi-sensor device approach. The
capacity to enhance categorization accuracy and estimate is associated with using a single sensor device
by multiple devices and integrating data to provide
more reliable information on physical activity in meditative decision-making. The physical activity dataset
produces an accelerometer in various positions, such
as the knee, chest, and wrist, combining monitoring
devices like shoulder, ankle, chest, and wrist. For the
three models, the accuracy is calculated: framework
fusion, class fusion, and reverse fusion. The average
accuracy of the proposed physical activity monitoring
is indicated in Fig. 6. Explicitly connected functions
can provide more relevant data to physical activity and
lead to a loss of accuracy of assessment and classification. The changes in the accuracy of the physical state
classification produced using data from the proposed
device fusion have been evaluated. The results show
that the suggested approach achieves excellent accu-
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Table 1 Student physical
activity monitoring data using
IoT-PAMD
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Parameters

PARMM

PEPLA

HARS

LTPA

IoT-PAMD

Accuracy ratio (%)

58.3

64.4

73.1

82.6

98.3

Prediction ratio (%)

55.1

65.5

71.2

83.7

96.5

Interaction ratio (%)

56.2

66.3

75.4

86.5

95.4

Efficiency ratio (%)

57.2

68.4

76.3

88.6

93.2

Performance ratio (%)

59.4

70.5

78.4

88.9

95.1

Error rate (%)

88.3

74.5

65.9

44.7

17.5

F-score

60.4

72.2

79.9

90.1

92.2

Fig. 6 Accuracy ratio (%)

racy for integrating devices. The accuracy ratio (%) is
shown in Fig. 6.
To conclude, the wearable devices’ vital position in
offering an informative forum on more comprehensive
implementation and automation technologies is highlighted in this study. Intelligent information technology
integrates the benefits of conventional physical education to improve the accuracy of physical education and
customized training for students. Choosing outcome
measures of the education sector by comparing the different signals indicating the effect and analyses shows
that the greater accuracy of the physical education system of the institution is reflected.
(ii) Performance ratio (%) and interaction ratio (%)
Physical activity has started a study to establish the
state of the research in such fields, such that statistics on health and educational performance are better
understood. The method included a research analysis of
the relationship between the benefits of physical activity and their educational performance, which the team
has assessed. Various studies indicated that activity
is connected with enhanced or less specific academic
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performance. More study concerning the benefits of
student physical education needs to be done until
conclusions are established. The experimental study
indicated that low-level students’ academic performance in physical activity in education is significantly
different. Trainers can use sports activity monitoring
to improve the teams’ performance, studying quickly
how each player performs in the field and how their
team is organized in total. Finally, the monitoring and
classification of activity can automatically give performance data transfers and control during a match. The
value of the performance evaluation cannot be overrated in this procedure. The physical education trainer
and monitoring device can be used for physical activity evaluation. Since trainers recognize approximately
half the essential sports activity events and it is perfect to use a motion sensor device for data reference
to monitor all the actual activities. The physical and
sports monitoring system should be available for physical trainers. Sports activity can use device regression
to assess and develop student capabilities while preventing harm. Figure 7a shows performance ratio (%)
and Fig. 7b shows interaction ratio (%).
The system is used to assess the physical activity,
educational contexts, and interactions of the trainer,
and this study combined features of an academic setting. The impression of training and the interaction
between students is used for positive physical health.
Associations for each result and attribute are studied for samples and linear regression. The student
level of activity, lessons, and student interactions to
development are recorded simultaneously. The average
values of each vector have been obtained to evaluate
how physical activity, educational setting, and student interaction are connected with training, college,
and class characteristics. The analysis involved assessing the qualities of trainers, academics, and students
in correlation with their physical activity, educational
background, and interaction with educational institutions. The monitoring of student position previously
depends on several methods of collecting data, from
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Fig. 7 Performance ratio (%) and interaction ratio (%)

monitoring the process to visual analysis. As it requires
a lot of effort to manage and evaluate such data manually, the research concentrated mainly on a small
number of students from several places. The application of auto-monitoring devices in team sports is
limited by insufficient virtual reality technology on
playgrounds. However, it is a huge challenge to resolve
the complex nature of effort present in many physical activities. Sports students are recognized to adapt
many conditions of their speed and flexibility. There are
frequent and predictable interactions with other sports
students. Good interaction is a part of many successful sports activities, and trainers who interact actively
with students can influence effective communications
directly, pay attention, and understand the opinions of
others.
(iii) Prediction ratio (%) and error rate (%)
Physical activity training has an important role in
improving basic abilities such as strength, speed, durability, flexibility, agility, strength, and balance. Students
are vital to having good performance in numerous
sports and physical activity. Physical education provides the framework for routine and structured physical
activity participation. The curriculum’s physical activity participation position is probably characterized by
its focus on health and fitness in this aspect. The extent
to which this explanation is accurate is uncertain and
rarely examined. However, the assumption seems to
be valid, because physical engagement usually plays
a major role in students’ daily physical activity. The
significant function of physical education in promoting
positive physical activity in national health objectives is
illustrated. The improvements in the students engaging
in everyday physical engagement activities are discussed in physical education. This paper analyzed the

connections between student health rates, predicted
behavior mediation conditions, and limitations. The
data revealed a longer, reduced digital audio prediction, reduced sleeplessness, and enhanced mood among
students with a larger degree of physical activity. In linear regression analyses, effective cognitive, physical
state, and functioning are used to evaluate subjective
and objective healthcare prediction duration of physical
activity and student interactions. A variety of multiple regressions can additionally study the association
between health and physical activities. The analysis
shows that lower rates predict a self-reported trend and
that students significantly reduce this effect. Figure 8a
shows the prediction ratio (%) and Fig. 8b shows error
rate (%).
This research evaluated probable interactions between
student health rates in the institution, the limitations,
and the circumstances for mediating in society. The
data confirmed that students with increased physical
activity predicted a more extended, reduced digital
audio, reduced sleeplessness, and increased mood. In
linear regression analysis, the physical activity and
student interactions of the subjective and objective
length of heath predictions are analyzed using impacted
and cognitive, physical activity, and function. Several
regressions aim to study better the associations between
health and physical activity and socioeconomic class.
The regression analyses indicate that fewer error rates
suggest a trend toward self-reporting students are significantly lower active. The purpose of the present study
is to determine that the student’s educational outcomes
are forecast for well-being, phases of relaxation, and
mediation. Many studies study the collective prediction of the highest levels of quality, lower limits, and
variables. The error rate for calculating a physical activ-
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Fig. 8 Prediction ratio (%) and error rate (%)

ity assessment that uses physical activity can be seen
in the ratio of overall energy spending to base energy
spending to connect study-based estimates of physical activity levels with the real levels of lifestyle. The
structure of the anticipated measurement error rate can
apply to other institutions in this group. Students with
a measuring error model developed small sections of
connection and augmentation for physical activity.
iv) Efficiency ratio (%)
The analysis of student physical health measures collected by the physical education monitoring of the
highly efficient use of physical activity devices in the
physical training of students. The excellent efficiency
of the analytical scheme of modern physical activity
innovation for student education is highlighted. Health
facility processes monitoring and other health attributes
improve the system’s consistency and dependability
and significantly reduce health and error rates. The
results confirmed the analysis of the physical activity
and the impact of sport on success measurements, physical education, health, performance, and career options
in several studies. A similar approach to physical
activity efficiency for students is the physical activity
index, achieved using movement technologies. Among
other aspects, it increases during routine training and
reduces if training is weak and desirable. The focus
is important in physical education and other fields,
and attention intensity is key to effectively accessing
information. Optimizing the physical training system
includes highly efficient educational institutions and
physical education, producing college of education
training, encouraging trainers to create a new physical
activity education system of abilities. In demanding and
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Table 2 Efficiency ratio (%)
Number of
students

PARMM

PEPLA

HARS

LTPA

IoT-PAMD

10

50.1

62.3

70.1

80.1

87.6

20

52.3

62.4

71.2

80.5

88.3

30

53.6

63.5

72.7

81.5

89.9

40

54.5

64.5

73.8

82.6

90.4

50

55.6

67.9

74.6

83.4

91.1

60

56.8

68.3

75.7

84.5

92.7

70

57.7

69.8

76.8

85.6

93.9

80

58.9

69.9

79.5

85.9

94.1

90

59.5

70.2

80.1

86.1

94.5

100

60.2

70.9

80.9

86.9

93.2

intensive training constitutionally, students with potential physical activity efficiency should obtain higher
outcomes. Table 2 shows the efficiency ratio (%).
(v) F-score (%)
The F-scoring assessment of physical activity using a
dataset with such a sensing device and combinations
of monitoring devices are shown in Table 3. The various actions proposed in the dataset are evaluated by
the simulation tool such as walking, standing, sitting,
lying, etc. For the knee, chest, and wrist and combinations of sensors, activities are generated, and the
results are evaluated and reported. The results reveal
that when devices are coupled, the performance of
physical activity student improves engagement. For
simulation analysis, the different positions of the device
like the knee and wrist can be examined. This results
in the combination of the performance of both sen-
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Table 3 F-score (%)
Number of
students

PARMM

PEPLA

HARS

LTPA

IoT-PAMD

10

52.3

66.7

76.0

80.3

89.5

20

55.4

67.7

76.1

81.4

89.9

30

59.0

68.9

77.2

82.5

85.1

40

61.0

70.0

77.3

83.4

86.2

50

64.8

71.1

77.7

85.1

87.5

60

66.8

72.2

78.1

85.9

88.3

70

67.7

73.2

78.5

86.3

89.3

80

60.9

74.5

78.9

87.4

90.0

90

60.5

75.6

79.3

88.5

91.3

100

65.2

75.7

80.1

89.1

92.2

sors, where physical activity has the highest F-score.
For example, the device, for example, ankle, chest, and
wrist, is used for analyzing student physical activity by
combining their results, for example, ankle and wrist.
The average F-score is calculated; the result is shown
in the figures above. The results indicate that physical activity performs most and combines devices with
physical activity predictions. Table 3 shows the F-score
(%).
The proposed system IoT-PAMD shows the high accuracy ratio, prediction ratio, interaction ratio, performance ratio, efficiency ratio, F-score, and reduced error
rate when compared to physical activity recognition
and monitoring model (PARMM), physical education and physical literacy approach (PEPLA), human
activity recognition system (HARS), and leisure-time
physical activity (LTPA) methods. Regarding wearable
device technology and IoT concerns, this study reveals
deep reinforcement learning in physical education that
recognizes the importance of physical exercise.

Conclusion
This study finds deep reinforcement learning for the analysis of physical education that acknowledges the essential
physical activity of wearable device technology concerning
IoT concerns. Students with different physical and functional
status levels have developed and analyzed an end-to-end
framework for solving such difficulties. The data analysis key contribution is divided into two parts: monitoring
various physical activities using IoT wearable devices in
physical health students, including everyday walking, jogging, and sitting to practicing active people regularly. The
challenges are met through the efforts required to provide
the IoT wearable devices to monitor student physical activity
with a performance ratio using IoT-PAMD solutions exam-

ined. The experimental results prove the reliability of the
proposed framework by improving the high accuracy ratio
(98.3%), prediction ratio (96.5%), interaction ratio (94.4%),
performance ratio (95.1%), the efficiency ratio (93.2%), Fscore (92.2%), and reduce error rate (17.5%) compared to
the other methods. Overall, the results justify the proposed
strategy to identify the student’s physical health for additional monitoring. In the future, the security system for the
proposed model has been planned to integrate to improve
performance and credibility.
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