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In the digital network era, people have higher requirements for physical fitness. In the future, physical fitness requires not only good
fitness equipment and fitness environment but also more convenient and intelligent health management, service guidance, social
entertainment, and other refined fitness services. The innovation of sports and fitness equipment for the digital network era will
definitely depend on the development of information technology and network technology. Based on the cutting-edge Internet of
Things technology, this thesis focuses on the development and application of a new generation of digital fitness equipment
adapted to future development, advocating the new concept of seamless integration of fitness exercise and information services
through human-oriented systematic design thinking and providing implementable solutions to realize the science, convenience,
and life of public fitness. This thesis uses modern science and technology, especially the Internet of Things (IoT) technology, to
fully meet the diversified fitness needs of the fitness crowd as the guide; IoT digital fitness equipment design and application
research was newly generated, using a variety of research methods to explore the functional design and application of IoT fitness
equipment; the goal is to create a more intelligent and three-dimensional IoT fitness service model in the future. Through the
application research of intelligent devices in IoT fitness equipment, the realization of the functions of identity identification,
environment perception, and data transmission of IoT fitness equipment is made faster. Intelligent devices can become the
interaction channel between fitness service personnel, fitness equipment, and fitness users and also reduce the development cost
of IoT fitness equipment. The construction of an IoT fitness cloud service platform and data management system integrates the
application of IoT, cloud computing, mobile communication, and other technologies to make IoT fitness service supply remote,
real-time, and diversified. While providing convenient and value-added fitness services for fitness people, it also brings
sustainable development space for the health service industry.

1. Introduction

The sports and fitness equipment industry is an important
part of the sports industry; at present, fitness equipment
product design and development mainly to imitate similar
foreign products in the road of independent innovation are
slow; coupled with the worldwide fitness equipment product
innovation which has not yet appeared, product homogeni-
zation is serious and has been difficult to adapt to today’s
network; information technology and intelligent product
design have also become the urgent need to address the
fitness equipment industry. This has become a pressing prob-

lem for the fitness equipment industry. This thesis is aimed at
realizing the application of IoT technology in fitness equip-
ment design, with health as the guide; fully meeting the diver-
sified fitness needs of fitness people as the core; and exploring
the application of IoT technology in digital fitness equipment
design, not only to provide ideas to overcome the multiple
contradictions in the current fitness equipment industry but
also to provide the most optimal solution to promote the
innovative development of the sports and fitness equipment
industry [1]. In modern social life, portable smart devices
such as smartphones, tablets, and watches based on digital
networked services are widely used, and the integration of
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network-based product application services with smart
devices and wearable devices has been more emphasized,
with network services more closely connected to real life
and the content of services more refined [2].

As people’s living standards and health concerns con-
tinue to improve, mass fitness is moving in the direction of
specialized, scientific, and refined needs. Traditional fitness
equipment has a single function, has poor interactivity, lacks
guidance, has other drawbacks, and has been difficult to meet
the growing diversified fitness needs of people in the era of
network information [3]. The innovative development of
these fields has provided a more mature environment for
the application of IoT technology. The IoT can be extended
and expanded to many sports-related fields, especially for
the construction of future networked sports and fitness
service systems. The digital fitness equipment based on IoT
technology proposed in the thesis will play an important role
in the future networked fitness service systems, which has
high theoretical research significance and practical value
[4]. In the digital network era, people also have higher
requirements for physical fitness, and the future physical
fitness not only needs good fitness equipment and fitness
environment but also needs more convenient and intelligent
health management, service guidance, social entertainment,
and other refined fitness services. The innovation of physical
fitness equipment for the digital network era will definitely
depend on the development of information technology and
network technology [5]. Based on the cutting-edge IoT tech-
nology, this dissertation focuses on the development and
application of a new generation of digital fitness equipment
adapted to future development, advocating the new concept
of seamless integration of fitness exercise and information
services through human-oriented systematic design thinking
and providing implementable solutions to realize the scien-
tific, convenient, and lifelike aspects of public fitness. The
research of the thesis actively seizes the historical opportu-
nity of the development of the Internet of Things industry
and actively responds to the objective laws and requirements
of the development of the Internet of Things industry and the
sports and fitness industry, which can both promote the
innovative development of the sports and fitness equipment
manufacturing industry and help to improve the theoretical
research of digital sports and digital fitness Internet of Things
[6]. The recommendation system can tap the association
between user preferences and information based on the indi-
vidual differences of each user, such as the basic information
of the user and the behavior habits of the user, and help the
user find what he or she really needs by actively pushing
information to the user. For this reason, it is of great impor-
tance and far-reaching significance to successfully introduce
recommendation technology into motion monitoring
systems to help improve user experience, enhance users’ reli-
ance on the system, and build user stickiness, as shown in
Figure 1. However, recommendation technology often relies
on large-scale data computation to explore the association
between users and information, while big data is the product
of the current Internet era, and the use of big data processing
technology to achieve recommendations has naturally
become a new research hotspot, and the sports monitoring

system under big data is born under such a demand of the
times [7–12].

This thesis focuses on the development and application
of IoT fitness equipment, taking the digital fitness treadmill
based on IoT as a design case to explore the design concept
and ideas of IoT fitness equipment, in order to provide a
reference solution for future fitness equipment production
and design. By exploring the construction and application
of new IoT fitness service modes based on IoT fitness equip-
ment, the modern fitness service mode integrated with IoT,
cloud computing, and mobile communication technologies
is proposed, which makes the construction of a large fitness
service system for the national and even global fitness popu-
lation possible in the next step. The thesis advocates the
fitness equipment design thinking based on the Internet of
Things, which can drive fitness equipment, traditional fitness
services, and other industries to produce a strong application
value, to not only inject more vitality into the development of
the emerging fitness equipment industry but also provide
reference significance to the adjustment of the entire sports
industry structure, which is very important for meeting the
masses’ scientific fitness needs, improving the market posi-
tion of the sports and fitness industry, optimizing the indus-
trial structure, and promoting the economy. It is of great
social significance to meet the scientific fitness needs of the
masses, improve the market position of the sports and fitness
industry, optimize the industrial structure, and promote
economic transformation. The structure of the whole paper
can be described as follows.

In Section 2, we introduce the related work of the IoT
technologies and the applications in the related fields. In
Section 3, this thesis uses modern science and technology,
especially the Internet of Things (IoT) technology, to explore
the functional design and application of IoT fitness equip-
ment; the goal is to create a more intelligent and three-
dimensional IoT fitness service model in the future. In
Section 4, through the application research of intelligent
devices in IoT fitness equipment, the realization of the func-
tions of identity identification, environment perception, and
data transmission of IoT fitness equipment is made faster.

2. Related Work

IoT technologies are widely mentioned and applied in the
fields of healthcare, transportation, health, logistics, environ-
mental protection, etc. [13–17]. As early as 1995, Bill Gates’
book The Way of the Future first proposed the idea of the
interconnection of things and things, which was the proto-
type of IoT. However, this idea was not taken seriously at that
time due to the constraints of related technical fields and the
lack of products that could prove the prospect of IoT applica-
tions. Subsequently, in 1999, Professor Kevin Ashton, direc-
tor of MIT Auto-ID Center, put forward the more popular
concept of Internet of Things (IoT) when studying RFID
technology: IoT is based on radio frequency identification
technology and equipment, according to the agreed commu-
nication protocol and Internet combination, so that the
information of items to achieve the Internet of Things is a
network formed by relying on radio frequency identification
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technology and equipment, combining with the Internet
according to the agreed communication protocol, so as to
realize intelligent identification and management of item
information and realize interconnection of item information.
Since its focus in the research field is on identification tech-
nology, the definition of IoT was not comprehensive enough
in the technological context at that time. Subsequently, on
November 17, 2005, at the World Summit on the Informa-
tion Society (WSIS) in Tunis, the International Telecommu-
nication Union (ITU) released the ITU Internet Report 2005:
Internet of Things, which formally introduced the more offi-
cial concept of IoT, which was defined by the reporters as the
Internet of Things (IoT) as a network of people to people and
people to people by embedding short-range mobile trans-
ceivers into various accessories and everyday objects. In
September 2009, at the Sino-European Workshop on IoT
and Enterprise Environment in Beijing, Dr. Lorent Ferderix,
head of the RFID department of the European Commission’s
Information and Social Media Division, gave the EU the IoT
as a dynamic global network infrastructure with self-
organizing capabilities based on standards and interoperable
communication protocols, where physical and virtual “things”
have identity, physical attributes, virtual characteristics, and
intelligent interfaces and are seamlessly integrated with infor-
mation networks. The Internet of Things will constitute the
Internet of the future, together with the Internet of Media,
the Internet of Services, and the Internet of Enterprises.

In summary, although the concept of IoT is widely pro-
posed, there is no precise and accepted definition of IoT,
mainly because IoT is the product of the integration of various
technologies including sensor identification, network trans-
mission, data mining, and pervasive computing. It requires
the mutual integration of multiple disciplines, and it is closely
related to the Internet, mobile communication network, sen-
sor network, etc. Researchers in different fields have different
starting points for thinking about IoT, and they cannot reach
a consensus in the short term. With the rapid development
of mobile Internet and IoT and the introduction of high-
performance low-power processing chips, portable measure-

ment devices that can collect data of human daily activities
in real time have emerged on a large scale, which has greatly
promoted the development of related industries in the field
of wearable fitness. The Live Pod is a portable exercise appara-
tus that can monitor the daily activities of a human body in
real time. It can collect fitness indicators including the type
of fitness movements, exercise status, fitness time, exercise
rhythm, energy consumption value per minute of exercise,
the ratio and amount of fat and sugar metabolism during exer-
cise, and the capture of exercise form, realizing the real-time
sensing of fitness behavior in human daily life [18]. On July
24, 2010, at the China International Fitness Conference held
at the China National Convention Center in Beijing, Xia
Gao, the CEO of http://YouBody.com, proposed a new con-
cept of fitness Internet of Things (IoT), and the first generation
of http://YouBody.com’s product was the IoT electronic scale,
which implanted a wireless module in the traditional elec-
tronic scale and allowed the data related to the electronic scale
to be sent to the website and cell phone background [19].
School of Biological and Medical Engineering, Beijing Univer-
sity of Aeronautics and Astronautics, developed an insole-type
detection system for quantitative evaluation and early warning
of daily behavioral exercise load and health status of motor
function, which realizes the sensing and calculation of human
exercise load amount and features low cost, low interference,
and low energy consumption, further realizing the monitoring
management and intelligent guidance of human health.

The well-known brand Nike also uses sensing and com-
puting technology in basketball and training shoes, which
has a built-in Nike+ Pressure Force chip that can record
users’ movement data and then send it to users’ mobile
devices through wireless data transmission, which can sense
users’ jump height, confrontation intensity, and reaction
speed, and the collected data can help users improve their
skills and further guide them to perform healthy exercises
[20]. Thanks to the development of the Internet of Things
and mobile Internet technologies, technological changes
and upgrades are constantly being made in the field of large
fitness equipment development and design. TheMyWellness
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Figure 1: Digital recommendation system based on IoT.
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product launched by Technogym, Italy, combines miniature
portable measuring devices with treadmills and strength
trainers to realize the monitoring and management of daily
life and professional fitness, and fitness data can be shared
on the My Wellness platform, while programmed fitness
guidance can be obtained [21]. The Iconcept launched by
the American Akcome Company takes full advantage of the
APP program application of Apple and other smart cell
phones to realize the design of treadmill controlled by cell
phones, while its cooperation with Google Maps realizes the
reproduction of virtual scenes when working out. In
addition, there is also the treadmill that can access the Inter-
net launched by Technogym. The treadmill is equipped with
a VISIOweb display screen, which can be used for entertain-
ment and leisure while exercising, and at the same time,
through the cooperation with social platforms such as
Twitter and Facebook, the gym-goers can share and socially
entertain themselves while working out [22].

3. Design of Fitness Equipment Based on
IoT Technology

3.1. Design Objectives. The design goal of IoT fitness equip-
ment is to use IoT technology to connect fitness equipment
with professional fitness service resources in real time, to
realize the integration of multiple resources, and to provide
interactive interfaces for fitness people, social media, digital
game developers, fitness service providers, and other
resources [23–26]. The IoT fitness equipment collects and
transmits personal fitness data in real time through terminal
software, realizes massive fitness data storage and processing
technology based on IoT mode, provides corresponding fit-
ness service solutions to different fitness people through
server-side data analysis and calculation, realizes automatic
control of fitness equipment, and finally realizes personalized
and customized service modes of fitness service. The main
design content of IoT fitness equipment is the IoT hardware
system and the corresponding software service system, as
shown in Figure 2. The fitness data is obtained and controlled
by the whole IoT system from the vessel data and data anal-
ysis and finally result evaluation. At present, the hardware
system required sensors, automatic control, and network link
technology which has been relatively mature; this thesis is
mainly based on the IoT fitness equipment hardware
required to achieve the function of the main research, to
explore the existing technology to achieve the application of
IoT fitness equipment; software service system design is
based on IoT fitness equipment to achieve the focus of the
networked service model.

In the study of the architecture of IoT, the perception layer,
as the lowest layer, is the basis for the realization of IoT
functions. In the fitness service system based on IoT fitness
equipment, the perception layer is mainly to realize fitness
equipment identification and intelligent collection of various
fitness information, which is composed of various fitness infor-
mation collection sensors and sensor gateways. Through the
IoT fitness equipment, the fitness of the exercise state, exercise
environment, life pattern, and other information monitoring
are achieved. Fitness data collection is an important function

of the perception layer of the IoT fitness service system. The
acquisition of user fitness data is also the basis for personalized
services; the application of modern sensor technology can not
only better achieve the collection of user fitness data but also
provide more data interfaces to the relevant fitness service
software developers, to facilitate the development of more
interesting and practical fitness service software.

The implementation of automatic control can hand over
the development of fitness programs and plans to more
professional fitness or health service providers, avoiding the
damage to fitness users due to blind fitness or operation
errors, as shown in Figure 3. For example, the mainstream
fitness treadmill in the market will integrate a number of
running fitness models; however, many fitness users are not
sure which fitness model they should choose to work out;
therefore, remote automatic control will be the future fitness
equipment development that needs to be paid attention for
the function. At the same time, the core of IoT fitness equip-
ment development is also intelligent control; automatic con-
trol function is a good reflection of the intelligent level of IoT
fitness equipment, which is an important hardware need of
IoT fitness equipment. With the development of IoT, cloud
computing, wireless mobile communication, and other tech-
nologies, the functions of online fitness, remote interaction,
and cloud management can be better applied in the design
of IoT fitness equipment. IoT treadmill, as the terminal
equipment of IoT fitness service mode, will change the
“closed” fitness mode of traditional treadmill exercise in the
future and realize the quantification, science, and life of fit-
ness, so that the gym-goers can adhere to it for a long time.
Through the construction of a relevant IoT fitness service
platform, based on the massive fitness data provided by IoT
treadmill and other IoT fitness equipment, the quantitative
statistics, mining, and analysis of fitness data can be carried
out to establish and promote the construction of scientific
fitness behavior universal model and provide personalized
scientific fitness service for diversified fitness groups.

3.2. Design of IoT Fitness Equipment Cloud Service Platform.
Through the establishment of the cloud service platform, it
can give access to a readily scalable resource pool, while using
cloud load balancing technology to deal with the high con-
currency of the fitness service system and other issues, and
take a dynamic approach to deploy various application
systems to maximize the efficiency of the utilization of the
fitness service business system resources, so as to meet the
IoT fitness service workload and business needs. The specific
implementation is as follows.

(1) The core framework of the fitness service system is
built based on technologies such as KVM virtualiza-
tion technology and the cloud platform of Open
Stack, which enables efficient processing of business
such as large fitness data and fitness services

(2) Methods such as complex systems and complex
networks are used to achieve scientific fitness
adherence and efficient dissemination mechanisms
in the system
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(3) Using REST and other technologies to achieve real-
time data transmission between the Android and
Apple IOS-based mobile fitness service client APP
and the system server, the data is stored in JSON
format, and the REST interface is called to realize
the server side to parse the data and realize the trans-
mission and interaction of business data

(4) Spring technology is used to control the business
logic of massive fitness data in the system

(5) Mongo DB database technology and cloud load
balancing technology are used to build the underly-
ing database

The architecture is shown in Figure 4.

Fitness service is based on the soul of the Internet of
Things fitness equipment, network services must have the
support of server technology, and the server as the center of
data processing is the basis of network fitness service provi-
sion. The fitness service system based on IoT fitness equip-
ment provides personalized fitness service for fitness users
through the collection, analysis, and calculation of fitness
user data; in view of the wide area of IoT fitness service, its
supporting server needs to have the ability to meet the huge
volume, type, multiple sources of data storage, and calcula-
tion in real time, and the fitness service application of
computing, storage, and network resource relationship is
dynamic change. The relationship between computing, stor-
age, and network resources of fitness service applications is
dynamic. For the traditional WEB server cluster solution
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model, it is difficult to maintain and support normal opera-
tion around the clock; the ordinary form of WEB server
and database system can only be used in the early stage; later,
with the growth of the service population, it can only rely on
the cloud server model to solve this growth crisis. In the pro-
cess of IoT fitness equipment application implementation,
the amount of data from nothing to have, service data from
tiny to huge, and its supporting server will certainly experi-
ence the upgrade from local to cloud. Therefore, the estab-
lishment of a cloud service platform based on IoT fitness
equipment is one of the core tasks to realize IoT fitness
services. The construction objectives of the IoT fitness cloud
service platform are three things.

(1) Create a standard system of IoT fitness equipment.
The use of the Internet of Things, cloud computing
technology, and Wifi, GPRS, 3G, and other wireless
mobile communication network technology to
achieve the Internet of Things fitness equipment user
physical condition monitoring, remote fitness guid-
ance, and other service functions is an important
measure to ensure the development of the scientific
nature of the user fitness activities, through the
development of data transmission and processing
standards to achieve the universal characteristics of
the production of IoT fitness equipment

(2) Construct a sharing platform for IoT fitness services,
use IoT technology to realize the direct connection
between fitness instructors and fitness participants,
digitally integrate the fitness-related exercise instruc-
tion service information and so on, and send it to IoT

fitness equipment users in real time, targeted and
remotely through the network. In the conduct of such
fitness services, a number of monitoring instruments
can be selected for daily fitness, and the exercise
status, energy consumption, and life pattern of fitness
participants can be monitored in real time in a lifelike
manner to provide basic data support for personal-
ized scientific fitness guidance. The cloud fitness
service platform can effectively promote the fitness
activities of the fitness crowd. Each fitness organiza-
tion contains fitness service enterprises, social fitness
instructors, fitness personal trainers and fitness partic-
ipants, and other different roles. The construction of a
fitness cloud service platform can effectively expand
the communication, coordination, supervision, evalua-
tion, and management among organizations, families,
and users and finally form an urbanized “network
national fitness club” supported by Internet of Things
technology

(3) To build an all-weather fitness service system that can
work out anytime and anywhere. The cloud fitness
service platform is a public service sharing platform
based on cloud computing technology serving the
public, which should be compatible with different
people and different kinds of IoT fitness equipment,
integrate various forms and items of fitness terminals,
meet the needs of multilevel and different scale fitness
guidance systems, and meet the needs of multiprofes-
sional health information service. Its open sharing
mode breaks the information island mode of closed
and independent traditional fitness network systems
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and adopts cloud computing technology to deploy
distributed data centers. It massively reduces the cost
of operation, improves the ability to cope with
massive data, and expands the scope of system appli-
cations. The scattered fitness experts and other
resources from different regions and organizations
are networked and aggregated using IoT technology
to form a large and professional expert fitness service
production line, which continuously produces effi-
cient fitness service products and provides them to
different regions, thus enabling the public to enjoy
the opportunity to receive professional fitness guid-
ance anytime and anywhere and build a 24/7 fitness
service system

3.3. Fitness Process Data Processing and Recommendation
System. Recommendation system evaluation is an important
issue in the field of recommendation. It has a variety of
evaluation metrics in different application scenarios, and
researchers in the industry have not yet formed a unified
scientific standard evaluation system, but generally recog-
nized important metrics have been widely used. Among
them, recommendation accuracy is the most used evaluation
index, i.e., the degree of agreement between the predicted
score (or ranking) of the recommendation system and the
actual score (or ranking) of the user, which is mainly divided
into three categories: prediction accuracy, classification accu-
racy, and ranking accuracy. The specific calculation formula
of the evaluation index is as follows.

Mean absolute error (M):

M = lim
n⟶∞

〠
n

i=1

pi − rið Þ2
N

: ð1Þ

Mean squared error (S):

S Ið Þ =
lim

n⟶∞
∑n

i=1Pi Qð Þ ∩ RQ Ið Þ
N xð Þ : ð2Þ

Root mean square error (R):

R Ið Þ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Pi Qð Þ ∩ RQ Ið Þ�

�

�

�

U

s

, D ≤ 1: ð3Þ

Standard mean absolute error (NMAE):

N x, yð Þ = ai ⋅ bi yð Þ ∪ bi xð Þ
rmax + rmin

: ð4Þ

In the formula, N is the number of objects that have been
rated by users, fpig is the set of predicted user rating values,
frig is the set of actual user ratings of objects, and rmax and
rmin are the maximum and minimum values of user ratings,
respectively. The most popular recommendations today are
based on proximity relationships, including user-based and
object-based recommendation algorithms. However, such
recommendation algorithms often determine the association

between users or objects by calculating the similarity of users
or objects first and recommend objects under similar users or
similar objects to the target users, which lacks comprehensive
consideration of the target user model and also suffers from
the naming conflict problem, i.e., objects of the same nature
may have multiple different names, while they are similar
in nature, but this type of recommendation algorithms
cannot discover and exploit this similarity. To address these
problems, model-based collaborative filtering recommenda-
tion algorithms have become an inevitable alternative to
traditional collaborative filtering recommendation algo-
rithms, among which the traditional matrix factorization
(MF) technique is widely used. The following paper will elab-
orate on the SVD decomposition method in the traditional
matrix factorization technique. Singular Value Decomposi-
tion (SVD) is a generalization of eigenvalue decomposition
to arbitrary matrices. Since the user-object rating matrix
may not be a square matrix, this matrix decomposition
method can be introduced into the recommendation system
to achieve the purpose of reducing the dimensionality of
the rating matrix. The method assumes that R is an M ×N
matrix, which can be decomposed into the product of three
matrices as follows:

R = lim
n⟶∞

〠
n

i=1
ai ⋅ bi yð Þ, ð5Þ

whereU is anM ×M square matrix (the vectors of the square
matrix are orthogonal and are called left singular vectors), Σ
is anM ×N matrix (all elements except those on the diagonal
are 0 and arranged in descending order), and VT is an N ×N
square matrix (the vectors of the square matrix are orthogo-
nal and are called right singular vectors). First, finding the
eigenvalues, one obtains:

RTR
� �

pi x, yð Þ = b ⋅ bi xð Þ, ð6Þ

where v is the right singular vector. In addition, it is also
obtained that

δi =
ffiffiffiffi

αi
p , ð7Þ

ui =
ffiffiffiffi

αi
p
δi

, ð8Þ

where δ is the singular value and u is the left singular vector.
It is known from the existing relevant mathematical knowl-
edge that the value of σ decreases rapidly. In other words,
the first W singular values arranged from largest to smallest
can be taken to describe the matrix approximately, i.e., the
matrix Σ of M ×N decreases in dimension to W ×W, while
the square matrix U of M ×M is transformed into M ×W
and the square matrix VT of N ×N is transformed into W
×N . In this way, the original matrix can be compressed
according to a certain proportion and retain the original
matrix information, where W ≪M,W ≪N , and the degree
of reduction of the RW matrix to the original matrix R can
be controlled by adjusting the value of W. Here, the closer
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W is to N , the closer the product of the three matrices on the
right-hand side is to the original matrix R. Decomposing
matrices using the SVD method does not allow the existence
of blank parts in the matrix to be decomposed. In fact, it only
makes sense to apply the SVD decomposition method to the
field of recommendation system after we solve the data spar-
sity problem. In the recommendation scenario, there are a lot
of gaps in the scoring matrix and the data is sparse. For this
reason, we need to preprocess the scoring matrix, i.e., fill
the missing values in the scoring matrix with the help of a
global mean, object scoring mean, or user scoring mean. Of
course, some normalization of the matrix is also possible.
However, even with the fill strategy, in practical application
scenarios, the number of users and items is often in the thou-
sands, and the time complexity of the traditional SVD
algorithm Oðn3Þ is obviously unsolvable in the face of such
a large order of magnitude.

4. System Optimization Test

A dataset of a certain size is extracted from the file system,
and the original file is read using the read function in Python
and converted to matrix form by the Data Frame data struc-
ture common function under the pandas package. By using
the implicit feedback data (user personal attributes, user
motion data, and user adoption) and explicit feedback data
(user ratings of motion guidance) actually collected by the
system for experiments, the root mean square error (RMSE)
is used as a performance index to evaluate the recommenda-
tion accuracy of the algorithm, so as to investigate the advan-
tages and disadvantages between this algorithm and the SVD
decomposition method. Assuming that the difference
between users’ real ratings and predicted ratings obeys
Gaussian distribution, the corresponding loss functions are
jointly constructed using the rating matrix R (explicit feed-
back data) and the user data behavior weighting matrix W
(implicit feedback data), and then, the loss functions are opti-
mized by the stochastic gradient descent algorithm (SGD),
and the parameter values in the matrix P and matrix Q are
calculated and solved using the existing historical rating data,
so as to obtain the corresponding matrices P and Q, i.e.,
matrix P is the user hidden class matrix, which represents
the user’s preferences, and matrix Q is the motion guidance
hidden class matrix, which represents the features of motion
guidance. Since the datasets extracted from the HDFS file
system in this experiment are .txt files, which need some con-
version processing, and the method of machine learning is
adopted, a large number of third-party learning libraries need
to be used, so the Python programming language is chosen
here for implementation. The following is the specific exper-
imental procedure.

In the first step, a dataset of a certain size is extracted
from the HDFS file system, and the original file is read using
the read function in Python and converted from .txt format
to .csv format and then converted to matrix form by the Data
Frame data structure common function under the pandas
package. The user score table (score_data Frame) contains
table id, user id, campaign guide id, and score value, and
some of the data are shown in Figure 5.

In the second step, we calculate the weights of user data
behaviors (user’s personal information, personal movement
data collected by user wearing the bracelet, and behavioral
data such as operating APP) to generate the weighting matrix
W of user data behaviors and then combine with the scoring
matrix R to construct the corresponding loss function. In the
third step, the stochastic gradient descent algorithm (SGD) is
used to optimize the loss function by finding the partial
derivatives of the parameters pðu, f Þ and qð f , iÞ to determine
the fastest direction of descent, and then, iterative computa-
tion keeps optimizing the parameters until the parameters
converge. Here, the parameters converge at about 500
iterations, and the iteration ends with the output of two
low-dimensional matrices P and Q, as shown in Figure 6.

The experimental results in this paper use the root mean
square error (RMSE) as a performance indicator to evaluate
the algorithm recommendation accuracy, and the calculation
formula is shown above, i.e., the smaller the value, the higher
the algorithm recommendation accuracy. The RMSE of the
weighted matrix decomposition recommendation algorithm
based on the hidden semantic model is calculated to be
0.12, and the RMSE of the SVD decomposition method is
calculated to be 0.42. It can also be seen from Figure 7 that
the two fine curves match well, and the coarse curve deviates
to a greater extent, indicating that the recommendation accu-
racy of the improved recommendation algorithm is higher,
i.e., the recommendation accuracy of the weighted matrix
decomposition recommendation algorithm based on the hid-
den semantic model is better than that of the traditional SVD
decomposition method. The reason for this difference is that
the singular value matrix decomposition model first needs to
mean fill the historical rating data and then perform matrix
decomposition to obtain the correlation submatrices, which
reduce the model credibility and naturally result in lower
recommendation accuracy. On the contrary, the Latent
Factor Model (LFM) fully utilizes the user item rating matrix
as the explicit feedback data and introduces the idea of
weighting to build a weighted matrix of user data behaviors
as the implicit feedback data, which deeply explores the user’s
preferences from both explicit and implicit aspects, making
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Figure 5: Sports guide rating chart.
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the improved recommendation algorithm more perfect and
the recommendation accuracy higher.

After users use the system for a period of time, the system
backend can calculate the corresponding rating value based
on the ratio of the user’s browsing time for a certain exercise
guide to the browsing time for all the exercise guides that
have been browsed, which eventually forms the user rating
table, i.e., the user-generated display rating data. At the same
time, the implicit behavioral data generated by users, such as
personal information and sports data mentioned above, are
jointly extracted from the server My SQL database to HBase
by Sqoop tool. Then, the offline batch computing framework
of Map Reduce is used to decompose the user rating matrix
into user implicit class matrix and motion guidance implicit
class matrix to generate the original recommendation model.
Finally, the Spark Streaming streaming computing frame-
work is used to combine the user data behavior weighting
matrix generated by the current user behavior data (implicit
data), so as to reupdate the user rating matrix (i.e., user pre-

diction rating matrix) and update the recommendation
model to get the online recommendation results, and
Figure 8 shows the exercise guidance recommendation. The
popularity of IoT fitness equipment will strongly contribute
to the application and development of related IoT fitness ser-
vices. From the perspective of practitioners, the growing
sports and fitness service industry has given rise to a large
demand for sports industry practitioners, and the frontline
work of fitness service product providers, that is, fitness ser-
vice industry practitioners with professional fitness guidance
and management knowledge, has made up for a large labor
demand gap. More sports instructors, personal trainers, and
students from sports colleges and universities are attracted
to enter the sports and fitness service industry, and the pro-
portion of the number of people employed in the sports
and fitness service industry to the number of people
employed in society as a whole will increase significantly.
The improvement of the quantity and quality of sports prac-
titioners will play an important role in promoting the
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industrialization of fitness services, improving the quality
and level of fitness services, increasing the added value of fit-
ness industry products, promoting the overall improvement
of the sports industry, enhancing the core competitiveness
of the fitness service industry, and promoting the sustainable
development of the fitness industry.

5. Conclusion

The case design of IoT digital treadmill not only takes into
account the advantages of traditional digital treadmill but
also makes use of sensor technology, embedded technology,
and automatic sensing technology to make IoT treadmill a
fashionable and modern fitness tool, which provides an
important basis for the hardware design of other types of
IoT fitness equipment. Through the application research of
intelligent devices in IoT fitness equipment, it makes the real-
ization of identity identification, environment perception,
data transmission, and other functions of IoT fitness equip-
ment faster. Smart devices can become the interaction chan-
nel between fitness service personnel, fitness equipment, and
fitness users and also reduce the development cost of IoT
fitness equipment. The construction of an IoT fitness cloud
service platform and data management system integrates the
application of IoT, cloud computing, mobile communication,
and other technologies to make IoT fitness service supply
remote, real-time, and diversified.While providing convenient
and value-added fitness services for fitness people, it also
brings sustainable development space for the health service
industry. The exercise monitoring system researched and
implemented in this paper is set in the application context of
outdoor sports parks, where there is a situation of large-scale
user use, so improvements are made to the multitask real-
time scheduling mechanism of the system on the outdoor
smart Bluetooth base station.
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