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Introduction: Medical equipment is an indispensable part of hospitals. It is the basic
condition and guarantee for the hospital to carry out medical services, scientific
research, teaching, and other activities, and it plays an irreplaceable role in the entire
medical process of the hospital. Therefore, the maintenance management of
equipment is also the focus of our attention. In the past, traditional management
methods such as paper were mainly used for equipment maintenance management,
and it was difficult to share data.

Methods: In today’s era of rapid development of information technology, we will use
information technology to maintain and manage medical equipment. Through big
data analysis and other technologies, the drawbacks of the existing traditional
management methods are improved, so that medical equipment can be
managed scientifically. By maximizing its functions, it can ensure the normal
operation of medical facilities, improve the utilization rate and integrity rate of
equipment, and reduce maintenance costs and unnecessary losses.

Results: According to the research findings, based on the background of big data, a
de-Bayesian network is used for data mining to build a medical equipment
maintenance platform. Through the data in the platform, we can better discover
the distribution and reasons of equipment maintenance, and at the same time
conduct an analysis to provide reference for the formulation of preventive
maintenance plans, reduce equipment failure rate and maintenance costs and
improve equipment utilization. Through the survey of medical staff, we can also
find that at least 40% of the people feel that the work distribution is more reasonable,
and 45% of the people feel that the equipment failure rate and the time required for
maintenance have been greatly reduced.

Discussion: We can see that the network platform for medical equipment
maintenance management built through big data is very feasible, which can help
us work more effectively and improve work efficiency.
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1 Introduction

Whether from the perspective of the hospital or the patient, the maintenance and
management of medical equipment is an important part of the hospital. Only by doing a
good job in the maintenance and management of medical equipment can we avoid medical
accidents caused by faulty equipment, improve the utilization and availability of equipment, and
reduce certain operating costs, which has important practical significance and value for the
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smooth progress of medical diagnosis and treatment. With the
development of science and technology, medical equipment has
become increasingly advanced. It is no longer purely automated and
mechanized, butmore andmore refined and integrated, which increases
the difficulty of maintenance management in some aspects. Therefore,
the current equipment maintenance work is not only to simply replace
parts, but also to manage the basic situation and maintenance
information of the equipment. Our traditional management method
is through paper or electronic documents. It mainly depends on the
execution of the system, process and relevant personnel. This way, there
are a large number of uncontrollable factors, which make it difficult to
share information, and it is difficult to achieve scientific and refined
management. With the continuous development of science and
technology, the use of big data for in-depth mining and analysis,
intelligent auxiliary decision-making can better implement the
maintenance and management of medical devices. This improves the
hospital’s medical quality and safety, thereby improving the hospital’s
asset management capabilities and solving the problem of medical
device asset management. It provides convenience for medical
workers and maintenance personnel.

For the maintenance of medical equipment, foreign experts also
have a lot of research. Lu H has established a quality evaluation index
system for ultrasonic diagnostic equipment through research, to
improve the quality of after-sales service of medical equipment and
improve the quality of medical equipment maintenance [1]. Moura M
DC proposed a model to analyze the interaction between hospitals and
OEMs. They believed that OEMs can provide maintenance services for
two different types of hospitals. These hospitals have the option to hire
an Extended Warranty (EW) or pay for each maintenance
intervention as needed, regardless of p Ref. [2]. Yu H mainly used
goodness-of-fit tests as well as linear regression methods. He
constructed a three-level failure time distribution model to discuss
the content, methods, and characteristics of medical electrical
equipment operation and maintenance data collection, as well as
the establishment and evaluation method of medical electrical
equipment failure time distribution model. These include the
failure rate distribution model of key parts, the equipment-level
MTBF distribution model, and the calculation model of the
influence factors of key part failure modes [3]. Rivas R A showed
that medical devices have a key role in the prevention, diagnosis,
treatment, and recovery of disease. Therefore, the use of computer
systems and software to maintain and manage medical equipment and
control related costs has been the next direction of development [4].

Today, we are in an era where the Internet is very developed. The
research of big data in various aspects is increasingly common and
penetrates into every corner of life, so it is possible for us to build a
platform through big data for the maintenance of medical equipment.
From the data, we can see that Li V proposed that individualized air
pollution exposure can be estimated with the help of big data and
artificial intelligence technology. He synchronized it with activity,
health, quality of life, and behavioral data and provided real-time,
personalized and interactive alerts and recommendations to improve
the health and wellbeing of individual citizens [5]. Zhang Y proposed
that financial management based on the big data platform can improve
the management level and efficiency of enterprises, strengthen the risk
control of financial management, and at the same time bring a valuable
decision-making basis for enterprises [6]. Narayanan M studied the
relationship between big data and the growth of the smart aviation

industry. It is found that aviation big data plays a key role in the
development of the intelligent aviation industry. The creation of
aviation big data information platforms and information systems,
as well as the use of multilayer network-related analysis methods, will
significantly improve the safety and efficiency of aircraft [7]. The main
focus of Ullah S’s research was how to classify the major big data
resource management systems in the cloud computing environment.
It can analyze large amounts of data from multiple sources to help
companies plan for the future, predict market dynamics and customer
needs [8].

When the platform is built, compared with the previous traditional
management methods, we can find that we can view and compare
various maintenance data more intuitively. Statistical analysis can also
be made better for various maintenance reasons, and the work
arrangement of most personnel is more reasonable. Therefore, it is
very feasible to build a network management platform for medical
equipment maintenance through big data.

2 Big data and data mining

2.1 Overview of big data

Big data originated from the in-depth research and development
of data mining. At first, people did not have a clear and specific
definition of big data. With the deepening of research, researchers in
different fields have put forward their own knowledge and
understanding of big data in the exploration [9]. In essence, big
data is a massive amount of data and information, an information
resource, which has the functions of decision-making, insight and
process optimization. At the same time, distributed technology is
generally used for the analysis of big data, and users can realize
multinode parallel operation of analysis programs without in-depth
understanding of the underlying layer [10]. Therefore, big data adopts
a new architectural model to cope with the current processing needs of
massive, high-growth and diverse data streams. According to the
interpretation of scholars, big data is actually a survival activity for
people. It includes major innovations in work, life, and thinking. He
summarized the impact of big data from various perspectives such as
business and education, and fully explained the impact and role of big
data in modern society. Therefore, with the development of the
Internet, the emergence of big data has brought us into a new era.

2.2 Data mining

Data mining, also known as “knowledge discovery”, refers to a
discipline that extracts valuable data from massive data in a data
warehouse and performs knowledge extraction [11]. The discipline
involves fields such as statistics, pattern recognition, and expert
systems. Its function is to provide qualitative analysis and data
support for intelligent decision-making through the extraction of
implicit information from massive random data. The general
mining process is shown in Figure 1 below [12].

Common data mining algorithms mainly include the following:
decision trees, association rules, neural networks, clustering, and
Bayesian networks. We mainly used the Bayesian network
algorithm, so we will introduce it in detail next.
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2.3 Bayesian networks

Bayesian Network (BN) is a diagram used to describe the
uncertainty relationship between variables [13]. Using graphical
methods to describe the relationship between data makes the
semantics clear. Moreover, it is easy to maintain the consistency
and integrity of the probabilistic knowledge base, and it is
convenient to reconfigure the network module according to the
change of conditions. It has two parts: structural model and
conditional probability distribution. A directed acyclic graph is a
structural model. In the graph, an edge represents a direct
conditional dependency between two variables connected to it. The
node represents a random variable, which is a feature about entities
such as processes, events, and states [14]. Dependencies are
represented by probability distributions connected to each node,
where the root node X is attached to its marginal distribution
P(X), and the non-root nodes are attached to the conditional
probability distribution. A complete BN is shown in Figure 2 below:

Bayesian networks are a combination of graph theory and
probability theory. On the one hand, it describes the structure of
the problem in the form of graph theory, and on the other hand,
according to the principle of probability, it uses the structural
relationship of the problem to reduce the complexity of the operation.

Through the learning of Bayesian network, the best network
architecture can be obtained in accordance with the data set, and the

network structure reflects the potential relationship between the attributes
of the data set. In this study, the Bayesian networkmodel can well describe
the dependencies between potential data attributes in the medical
equipment maintenance dataset, thereby discovering the key factors
affecting the management of medical equipment maintenance. It
enables the equipment to be serviced at the optimum time.

The Bayesian network structure is developed using an optimal
mode of joint probability. Its model can be well used for prediction. If
the target attributes in the attribute set are analyzed, too many
redundant items in the construction process are retained.
Moreover, the Bayesian network is prone to overfitting to the data
during the learning process. In a Bayesian network, the Markov
blanket will mask the relationship between other variables and the
predicted variable, making its structure more concise. It also contains
all associated properties of the target variable.

In Bayesian network, X � X1,X2,X3..Xn{ } represents the set of
random variables, and x � x1, x2, x3..x4{ } represents the value of
random variables. The nodes in it will correspond to the
occurrence of variables in X. Use Pb(Xi) to represent the set of all
parent nodes of node Xi, X1 to represent the probability value when
Xi � X1, and p to be a joint probability distribution, as shown in the
following formula:

P X( ) � ∏n

i�1P xi
∣∣∣∣pb Xi( )( ) (1)

Among them, when Pb(Xi) is an empty set, P(xi|pb(Xi) is the
prior probability P(xi).

2.4 Bayesian network learning

The learning of Bayesian networks is divided into two aspects:
parameter learning and structure learning [15]. Parameter learning
refers to the learning of the state probability table for the nodes in the
network structure, which can better represent the probability distribution
of each node in the network structure [16]. Maximum likelihood
estimation and Bayesian estimation are the two most commonly used
methods. Structure learning is to effectively use the sample database to
select a Bayesian network structure that is most suitable for the research
object, that is, to find a network that can match a given instance data set
according to a certainmetric. Dependency analysis-based and score-based
search are two main types of structure learning methods at present.
Parameter learning and structure learning are generally carried out
sequentially, and then in the process of construction, they will
generally have an impact on two aspects: on the one hand, in order to
achieve sufficient accuracy, it is necessary to build a large and rich network

FIGURE 1
The general process of data mining.

FIGURE 2
Complete BN diagram.
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model; on the other hand, the cost of building andmaintaining the model
and the complexity of probabilistic reasoning should be considered.
Generally speaking, the complexity of probabilistic reasoning for
complex model structures is also high, which often affects the quality
of Bayesian learning.

2.4.1 Maximum likelihood estimation method
The maximum likelihood estimation method uses the similarity

between the parameters and the data set to select, and the selected
estimated value is generally the parameter value at the maximum value
[17]. The general form of the likelihood function is given by the
following formula:

L θ|D,M( ) � P D|θ,M( ) (2)
In order to facilitate the calculation, the logarithm is usually taken,

that is, the formula is as follows:

L θ|D,M( ) � ln P D|θ,M( ) (3)
Selecting the parameter θ̂ in the Bayesian network to maximize the

likelihood function L(θ|D,M) is the principle of themaximum likelihood
estimation method. According to the structural characteristics of the
Bayesian network, the derivation formula is as follows:

L θ|D,M( ) � P D|θ,M( )
� ln∏m

i�1
P Di|θ,M( )

� ln∏m
l�1

∏n
i�1

P XI l( )
∣∣∣∣∣∏Xi i( ), θi( )

� ln∏n

i�1∏qi

j�1∏ri

z�1 θijz( )Nijz
(4)

Among them: Nijz is the condition Xi � xjz, qi � ∏
Xi∈∏Xi

ri
satisfied in sample D. If Nij � ∑ri

k�1Nijz, then

θ̂ijz � Nijz

Nij
, ∀i ∈ 1: n[ ],∀j ∈ 1: qi[ ],∀i ∈ 1: ri[ ]( ) (5)

A conditional probability table of the Bayesian network can be
obtained through the formula. However, when there is not enough
data, there will be a large deviation, so the maximum likelihood
estimation is not suitable for all Bayesian networks, but the
Bayesian algorithm can solve this problem well.

2.4.2 Bayesian estimation method
Bayesian algorithms are based on Bayesian learning theory. Its

core idea is the cognition of uncertainty, and its uncertainty depends
on people’s subjective consciousness and objective observation [18].
Therefore, the Bayesian method treats the measured parameter as a
random variable and considers the influence of background and prior
probability, so that the accuracy of Bayesian estimation is higher than
that of maximum likelihood estimation. The prior probability in the
original Bayesian theorem is not based on any observation on the
surface, but is actually based on all observations in history. The
background and prior probability reflect the background knowledge
about the correct assumption opportunities. The posterior of each
time will become the prior of the next time.

In Bayesian estimation, the random variable is the parameter θ to
be estimated, and the calculation of the posterior probability
distribution p(θ|M) of θ under a given data set M is the main

purpose of parameter learning. To this end, a prior distribution
p(θ) containing parameters θ to be estimated and a complete data
set M are given, and θ � θijz|ii � 1, 2, .., n; j � 1, 2, .., qi; z � 1, 2, .., ri{ },
denoted θ̂ as the estimated BN parameter, then
θ̂ � θ̂ijz|i � 1, 2, .., n; j � 1, 2, .., qi; z � 1, 2, .., ri{ }, so θ̂ can be
calculated as follows

θ̂ijz � P Xi � z
∣∣∣∣π Xi( ) � j,M( )

� ∫P Xi � z
∣∣∣∣π Xi( ) � j, θijz( )p θijz

∣∣∣∣M( )dθijz
� ∫ θijzp θijz

∣∣∣∣M( )dθijz (6)

To facilitate the solution, p(θ) is based on the following three
assumptions:

1. Global parameter independence: the parameters corresponding
to any variable Xi in the network are independent of each other;

2. Local parameter independence: given the variable Xi, the
parameters corresponding to the parent node π(Xi) are
independent of each other in different states;

3. p(θij) obeys Dirichlet distribution.

In summary, it can be deduced that

θ̂ijz � αijz +Nijz

∑ri
z�1 αijz +Nijz( ) (7)

Among them, θij is all parameters about the distribution
P(Xi|π(Xi) � j), αijz is the hyperparameter in the prior distribution
p(θij), and Nijk is the number of samples in the dataset D that satisfy
Xi = z, π (Xi) = j.

2.4.3 Methods based on dependency
Because the method based on dependency testing is intuitive and close

to the semantics of Bayesian networks, the use of independent conditional
testing to build networks can ensure the efficiency and accuracy of
modeling. Therefore, the conditional independence test is used to
establish the network structure. Currently, the commonly used test
methods are X2 test and mutual information test. This method has the
advantages of fast operation speed and fast learning speed, but the accuracy
of the learned network model is not high. Moreover, the number of
independent tests increases exponentially with the number of variables, so
it is only suitable for network learning with a simple structure [19]. The
formula of mutual information test method is as follows:

MI A;B( ) � H A( ) −H A|B( )
� −∑

a∈A
p a( )log p a( ) + ∑

a∈A
∑
b∈B

p a, b( )log p a|b( )

� ∑
a∈A

∑
b∈B

p a, b( )log p a, b( )
p a( )p b( )

� −∑
b∈B

p b( )log p b( ) + ∑
a∈A

∑
b∈B

p a, b( )loglogp b|a( )

� H B( ) −H B|A( ) (8)
It can be seen from the above formula that MI(X;Y) is the amount

of mutual information, and between the two variables when they are
independent of each other, the amount of mutual information
MI(X;Y) � 0. Therefore, mutual information can determine
whether two variables are independent.
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2.4.4 Scoring-based search method
The BN structure is constructed by scoring criteria and heuristic

search algorithm in the structure space composed of nodes, and its
accuracy is higher than that of dependency analysis method. The
formula M* of the network model with the largest posterior
probability is as follows, where P(D) does not depend on M, and
P(D|M) is the edge likelihood function:

M* � argmaxP M|D( ) � argmax
P M( )P D|M( )

P D( ) (9)

The prior probability P(M) of M is usually considered to obey a
uniform distribution, and the transformation of the above formula is
equivalent to maximizing the value of the following function:

logP M|D( ) � logP D|M( ) + logP M( ) (10)
A typical representative is the K2 algorithm, which is a structure

learning method based on CH score and greedy search. In application,
it is necessary to consider the defining variables and their composition,
and determine all possible states or weights of variables. At the same
time, factors such as the fusion of prior knowledge, the selection of
evaluation function, and the influence of incomplete data should be
considered. Expand the edge likelihood function in the above formula
to get

P D|M( ) � ∫P D|M, θ( )p θ|G( )dθ (11)

Determine M, and the prior distribution of each node parameter
adopts Dirichlet distribution, then there is

p θ|M( )∝∏n

i�1∏qi

j�1∏ri

z�1θ
αijz−1
ijz (12)

The parameters of the network θijz = P(Xi = z| π (Xi) = j), then

P D|M( ) � ∏n

i�1∏qi

j�1
τ αij( )

τ αij +Nij( )∏
ri

z�1
τ αijz +Nijz( )

τ Nijz( ) (13)

Taking the logarithm of both sides of the equal sign above, we get

log P D|M( ) � ∑n

i�1∑qi

j�1 log
τ αij( )

τ αij +Nij( ) +∑ri

z�1log
τ αijz + Nijz( )

τ αijz( )⎡⎢⎣ ⎤⎥⎦
(14)

The right side of the equal sign in the above formula is the CH
score, and the following formula is the family score function of CH:

CH <Xi, π Xi( )> |D( ) � ∑qi

j�1 log
τ αij( )

τ αij + Nij( ) +∑ri

z�1log
τ αijz +Nijz( )

τ αijz( )⎡⎢⎣ ⎤⎥⎦
(15)

The right side of the equal sign in the above formula is the CH
score, and the following formula is the family score function of CH:

SCORECH � ∑n

i�1CH <Xi, π Xi( )> |D( ) (16)

To sum up, maximizing the posterior probability P(M|D) is finally
transformed into solving the likelihood function P(D|M). Since the
prior probability P(M) is assumed to obey a uniform distribution, it is
regarded as a constant and is not considered in the calculation process.
The characteristics of scoring function mainly include three aspects:
strong reliability, stability, and adaptability. The reliability lies in that
more accurate factors can be used to search, its stability lies in that it is

not easily affected and interfered by the scene environment, and its
adaptability lies in that there are many factors to choose.

2.5 Markov blanket

A Markov blanket is a minimal subset of features that satisfy the
following characteristics. Under its state, the feature is independent of
other feature states [20]. The representation of Markov cover feature
in Bayesian network is the parent node, child node, and parent node of
child node. Assuming that the Markov blanket of feature T is MB(T),
the above can be expressed as:

P(T|MB(T)) � P(T|X,MB(T)) (17)
X is all non-Markov blanket nodes in the feature domain.
The key to the Bayesian network of the Markov blanket is to

construct the Bayesian network structure, which can be determined by
the structure of the Bayesian network. By discovering the change trend
of the Markov blanket in different Bayesian network models, we can
determine the trend of old and bad medical equipment.

3 Construction of medical equipment
maintenance management platform

3.1 Equipment maintenance management

Equipment maintenance management refers to the equipment
involved in the production or business activities of the enterprise
or unit according to the production and business target plan. Its
fundamental purpose is to ensure the normal use and necessary
work quality of medical equipment, and ultimately to improve the
service life of the equipment. The comprehensive management
work was carried out by taking relevant measures to keep all
material movement forms and value movement forms in a good
state during its life cycle. The equipment maintenance system can
be divided into four stages: post-event maintenance, preventive
maintenance, condition maintenance, and intelligent
maintenance.

The high frequency of medical equipment maintenance will affect
the work of clinical departments, surgery scheduling, and medical
quality. The specific data of maintenance in the operating room are
shown in Table 1.

In terms of medical equipment maintenance management, the
hospital has not formed a systematic management plan, and the
equipment maintenance management has not been standardized
due to the traditional management methods adopted by the
hospital and the shortage of management personnel. As a result,
medical equipment cannot be used efficiently and its production
efficiency can be maximized, and there are still many problems.
According to the information reviewed, the following problems can
be found and concluded: incomplete asset ledger, incomplete life cycle
management of equipment, incomplete maintenance data, unscientific
management of engineers, unstandardized maintenance management
of measuring equipment, untimely preventive maintenance,
maintenance and procurement are disconnected, etc.

The current equipment maintenance method adopted by the
hospital is complicated. Due to the use of paper application forms,

Frontiers in Physics frontiersin.org05

Li et al. 10.3389/fphy.2023.1105906

https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://doi.org/10.3389/fphy.2023.1105906


the maintenance response time is greatly prolonged. More time is
spent on filling in, handing over, and searching for application forms,
resulting in reduced maintenance efficiency. On the flip side, a lot of
repair information is recorded on the same paper application form.
Once lost, it is difficult to retrieve, causing a lot of trouble for
maintenance. Paper data records are also not easy to find. With
the increase of application forms, the storage and management of
these application forms is a major problem faced by the equipment
department. The establishment of a maintenance management
information system and the realization of information management
can solve this problem to a great extent. The connectivity between
systems and the sharing of data can enable clinical departments and
equipment departments to send and receive information directly
through the network system, reducing response time. At the same
time, the large storage function of the network also brings convenience
to the management of the equipment department. At the same time,
combined with big data analysis, the status of the equipment can be
more effectively understood, and preventive maintenance can be made
in time.

3.2 B/S architecture

In today’s era, the development of system software mainly has two
structures, C/S structure and B/S structure. We use B/S structure to
build a medical equipment maintenance management platform.

B/S is the abbreviation of Browser/Server. The server requires large
databases such as Oracle andMysql to store data. The client only needs
to install a browser, the user accesses the website by entering the
address in the browser, and the browser interacts with the server
through the webserver, to achieve the purpose of data request. B/S is an
improvement to C/S, which transfers the transaction logic processing
of the C/S model client to the web server, but it also increases the data
load of the application server. With the increase of server load, you can
smoothly increase the number of servers and establish a cluster server
system, and then balance the load among the servers to better control
the platform.

Compared with the C/S architecture, the B/S architecture has the
characteristics of high security, good real-time performance, fast
response, low cost, and good scalability.

The B/S architecture model is shown in Figure 3 below. First, the
user (ie, client) can establish a connection with the web server through

a browser request. If the correct information is entered in the URL, the
browser can establish a connection with the web server over the
Internet. Then the web server obtains the corresponding data from the
database server according to the request input by the user, and then
feeds it back to the user in the form of a web page.

3.3 Information maintenance management
process

On the basis of the original equipment maintenance management
process, according to the needs of information management, the
equipment maintenance management process is improved to make
it more standardized and perfect, which can well coordinate the
equipment maintenance management after informationization.
Most of the operations of the information-based maintenance
management process can be implemented in the information-based

TABLE 1 Recent maintenance statistics of the operating room.

Equipment failure
classification

Reported repair content Cause analysis Number of
cases

Percentage
(%)

1 Operating room related functions are not available Equipment parts wear out and aging 31 51.67

2 Equipment-related indicators cannot be monitored The cleanliness of primary and secondary
filters does not meet the standard

8 13.33

3 Low differential pressure between operations System parameters deviation needs to be
more positive

8 13.33

4 System leakage, individual operating rooms can not be used Drainage system is not smooth 6 10

5 Dust particles in the operating room exceed the standard,
quality control does not meet the standard

High efficiency filters are not replaced in
time when they expire

5 8.33

6 The temperature and humidity of individual operating
rooms in winter are not up to standard and are low

Objective defects of the system and misuse
of personnel Operation

2 3.33

FIGURE 3
B/S architecture model.
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management system, improving management efficiency and reducing
maintenance management costs. In addition, the information-based
maintenance management platform can display the equipment
maintenance status more intuitively and accurately. The
management personnel inside the platform can view and
understand the status of medical equipment at any time. From the
perspective of daily maintenance and fault handling, it has a more
reasonable real-time. The information maintenance management
process is shown in Figure 4:

3.4 Preventive maintenance

According to the research, we can assume that there is a defect in
(0, T) time in the simple preventive maintenance formula, and the
time delay of the defect is in (h, h + ds) time, and the occurrence rate is
f(h)ds. From this we get the following formula:

P h<H≤ h + ds( ) � f h( )ds (18)
If the defect occurs within (0, T-h) time, the defect will gradually
change into a failure, the failure will cause the machine to stop
production, and the equipment will be repaired, and vice versa.
The probability of defects appearing during (0,T-h) can be
obtained by the following formula

p 0< x≤T − h( ) � ∫T−h

0
g x( )dx �∫T−h

0

1/Tdx � T − h( )/T (19)

It is known from the assumptions that p(0< x≤T − h) and
p(h<H≤ h + ds) are two independent random events. When a
defect develops into a barrier and the time delay is within the

region (h, h + ds) with probability T−h
T f(h)ds. Integrate the value

h, and find the function of the defect changing to the fault as follows:

b T( ) � ∫T

0

T − h
T

f h( )ds (20)

The average downtime is Nf, and the defect rate is assumed to be k.
The data of the expected value of the number of failures in the (0, T)
period can be obtained by the following formula:

E Nf T( )( ) � kTb T( ) (21)

3.5 Significance of construction of medical
equipment maintenance platform

3.5.1 Improve the efficiency of medical equipment
maintenance management

In the event of a malfunction during equipment use, the measures
previously taken are as follows. The equipment operator shall call the
equipment department, fill in the “Hospital Equipment Maintenance
List” in detail, and send it to the equipment maintenance department
for random processing by the instrument engineer. After the
equipment maintenance department receives the order, the
equipment maintenance manager and engineer go to the
maintenance department to check the equipment, repair it by
themselves, or find someone to repair it. After the maintenance,
the maintenance personnel fill in the maintenance information.
The feedback information is filled in by the department and finally
approved by the competent department and handed over to the
equipment section for safekeeping. During the whole maintenance

FIGURE 4
Equipment maintenance management process.
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period, all equipment maintenance information is filled in by a
document on the same paper, and it is required to be kept from
the time of application for repair until the end of the repair, and it will
be archived after being approved by the administrator. If the
application form is lost, it must be refilled. The maintenance
application form is filled out by the staff of various departments,
and these are submitted by special people, which not only increases the
labor cost, but also prolongs the maintenance time.

After using the informationmanagement system, the maintenance
staff of the clinical department and the equipment department can
complete most of the work only in their respective computer systems.
When the medical equipment in the clinical department fails, the
supervisor can log in to the system, enter the information related to the
faulty equipment according to the prompts on the equipment repair
page, and submit it to complete the repair work. Themaintenance staff
of the hospital equipment department will receive the prompt
information for two types of medical equipment repairs for the
first time. One is the prompt of the “To be repaired” task bar in
the system interface of the maintenance staff. On the other hand, the
mobile phone of the maintenance staff will receive a short message of
the relevant repair task. The timely repair information reminder is
convenient for the maintenance engineer to go to the clinical
department for maintenance and processing according to the
maintenance process. After the maintenance is completed, the
engineer responsible for the maintenance will record the work in
detail in the management system. After the submission, the clinical
department can immediately see the maintenance information and
give feedback. After confirmation, the maintenance task is completed.
The filling and feedback of maintenance information can be filled in
through the system, eliminating unnecessary intermediate links.

3.5.2 Implement preventive maintenance
management

Preventive maintenance refers to all kinds of maintenance
activities carried out before the occurrence of a fault to find fault
symptoms or prevent the occurrence of a fault and keep it in a
specified functional state through the inspection and detection of
equipment for preventing faults. Preventive maintenance of medical
equipment is a form of proactive maintenance. It is to repair the
fragile and vulnerable parts of the equipment when the equipment
can still be used normally, and it includes periodic maintenance of
the equipment. Hospitals rarely perform preventive maintenance
before informatization. Only when the equipment is inspected
irregularly, the equipment maintenance engineer decides whether
to carry out the maintenance or not according to his own experience.
Due to the lack of mastery of equipment life cycle data, it is difficult
for engineers to make preventive maintenance plans, and every
maintenance of equipment failures is recorded. There is no
specialized personnel to organize, classify, and summarize the
records of paper documents.

Before the informatization, the hospital hardly carried out
preventive maintenance, but when the equipment was inspected
irregularly, the equipment maintenance engineer decided whether
to carry out the maintenance or not based on his own experience. With
the information management method, when the medical equipment is
purchased and put into storage, the relevant management engineers
need to enter the relevant information of the equipment in the system.
The information system will automatically generate the preventive
maintenance cycle and project content of the equipment and give

them to the corresponding clinical users and maintenance managers.
This task is not completed until it is confirmed by both sides of the user
management, which also ensures that the preventive maintenance can
be actually completed. The information management platform can
also facilitate scientific and rigorous management by managers and
use scientific management mode in the whole management process to
reduce equipment maintenance costs and conduct comprehensive
maintenance in a scientific way.

4 Data of medical equipment
maintenance platform

This section will mainly analyze the data generated by the monitor
maintenance under the big data-based medical equipment
maintenance platform. Through the analysis of these data, it can
provide reference for the formulation of preventive maintenance
plans, reduce equipment failure rate and maintenance costs, and
improve the utilization rate of instruments.

The first is the statistics of monitor maintenance in the fourth
quarter, as shown in Figure 5 below:

It can be seen that the maintenance volume in the second and third
quarters is relatively large. After analysis, the reasons are as follows:
First, the weather in the second quarter gradually increased and was
relatively humid, which caused the monitor to heat up seriously. This
in turn causes the power supply and other modules to overheat and
fail. At the same time, patients sweat a lot in summer, and the sweat of
patients who are in the monitoring environment for a long time will
cause damage to the accessories of the monitor. Based on the above
analysis, we should carry out key preventive maintenance work on the
monitor in the second and third quarters, especially strengthening the
cleaning of the monitor’s cooling components (fans) and internal dust
before the weather is about to become hot in the second quarter. At the
same time, it is necessary to inform the nursing staff of the department
to strengthen the cleaning work when using the monitor on the
patient.

Monitors are the most widely used medical equipment in clinical
practice, and the number and frequency of use vary from department
to department. In the case of a limited number of engineers in the
medical engineering department, how to use the department
scientifically and efficiently is particularly important. The statistical
chart of monitored maintenance between some departments in the
hospital is shown in Figure 6 below. From the figure, we can see that
the surgical department has more maintenance, while the internal
medicine department has less maintenance.

Therefore, preventive maintenance plans for these departments
should be prioritized. This way, not only can target preventive
maintenance be carried out, but also the frequency of failure of the
monitor can be reduced, thereby improving the utilization rate of the
monitor.

Monitor maintenance failure reasons are divided into two
categories: one accessory failure, divided into blood oxygen probe
failure, ECG lead line failure, blood pressure cuff failure, second
equipment failure, divided into blood oxygen module, blood
pressure module, ECG module, power board, fan, display screen,
key board, encoder, main control board and other types of failure
reasons. There are a total of 699 monitors in the hospital, and a total of
750 monitors have been repaired during the year. The data statistics of
the fault causes are shown in Figure 7 below:
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From this, we can see that the main reason for the failure of the
monitor is the accessories. Through these data, we can play a good
reference role in purchasing, monitor accessories, and help us reduce
unnecessary expenses. According to the statistics, a total of
261 monitor equipment failures occurred. The department sent it
to the engineer for repair and the engineer judged the failure and
waited for 3–4 days to purchase the parts, resulting in a serious waste
of equipment resources. Preparing a sufficient number of vulnerable
module accessories through data statistics. After judging the fault, the
repair can be completed and sent back to the department for the first
time, which will not cause the equipment to be unavailable for a long
time, thus improving the utilization rate of the equipment.

There are five brands of monitors currently in use in the
hospital: Mindray, Coman, Keruikang, Japanese colin, and GE.
Among them, mainly domestic brands are mainly imported, and
the number of imported colin and GE is small, resulting in a small
number of samples, which has no practical reference significance.
From the statistics in Table 2, it can be concluded that the
proportion of failures in home monitors is: Mindray, Coman,
and Kericon.

Secondly, we conducted a survey on the changes brought about by
the establishment of the medical equipment maintenance
management platform for some medical staff. The data obtained
are shown in Table 3:

FIGURE 5
Distribution of monitor repair volume in four-quarters.

FIGURE 6
Statistical chart of monitor maintenance volume between some departments.
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Through the analysis of the above data, it is concluded that the
construction of the maintenance management platform has brought
us many benefits compared with the previous traditional maintenance
management methods:

① The response time of maintenance has been greatly improved.
There is no need to fill in, submit, review and review paper
applications between departments, and maintenance applications
can be responded to in a timely manner, reducing the impact time;

② Clinical Medical equipment repair information is not easy to be
missed and forgotten. In contrast to paper storage, data in a computer
system can be viewed at any time as soon as it is entered. The set

FIGURE 7
Statistics of failure cause.

TABLE 2 The number of failures of each brand monitor.

Brands Number of units Number of faults Proportion

mindray 623 629 1.010

comen 50 83 1.660

Kericon 18 35 1.944

colin 5 2 0.400

GE 3 1 0.333

Total 699 750

TABLE 3 Research data on medical equipment maintenance management platform for medical and nursing staff.

Serial number Making a difference Greater progress (%) Smaller progress (%) Basically unchanged

1 Distribution of workload per person 40 50 10%

2 Monthly workload arrangement 50 50 0

3 Work events can be accurately recorded 80 20 0

4 Instructional training in use 60 40 0

5 Decrease in equipment failure rate 45 55 0

6 Age of equipment 35 60 5%

7 Repair response time 50 40 10%

8 Repair time 45 45 10%

9 Repair accuracy 75 25 0

10 Repair process 70 30 0
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reminder function can intelligently solve the work omission and
forgetting caused by the engineer’s busy work;

③ Because of the completeness and detail of the clinical repair
report information, it is helpful for the maintenance engineer to judge
the equipment failure and make related maintenance preparations, to
improve the maintenance efficiency. From the repair report to the final
acceptance of each maintenance, the relevant data and information
will be stored in the system, and engineers can call up these data for
viewing at any time. By analyzing the historical failures of the
equipment, it can be more helpful for the accuracy of the
engineer’s maintenance work;

④ The process management of maintenance tasks is more
conducive to supervising engineers to complete maintenance tasks.
The full life cycle management method of equipment allows
equipment maintenance managers to check the status of the
equipment at any time, whether it is in use or under maintenance,
how long the equipment under maintenance has been down, and who
is the engineer in charge. This helps to manage the management of
equipment maintenance in the entire hospital by grasping it.

⑤ It is beneficial for clinical departments to have a comprehensive
grasp of the current state of medical equipment in undergraduate
rooms. By viewing the information of certain equipment in the
department in the system, the historical data and real-time status
of the equipment can be clearly understood, which helps the
department to use the equipment better.

⑥ management platform has detailed records for each medical
device. It achieves comprehensive management, automatically
generating preventive maintenance tasks. It can remind users and
maintainers of the equipment, improve the normal efficiency of the
equipment, and avoid omissions.

⑦ The setting of the platform allows equipment users and
managers to assist and supervise each other, making the preventive
maintenance of each equipment more operational and practical.

⑧ The Use of the platform promotes the hospital to carry out
preventive maintenance of medical equipment. This way, the total
maintenance cost and total failure time of the hospital’s medical
equipment in the whole life cycle are reduced, and greater benefits
can be produced. It creates more economic benefits for hospitals and
improves the use time and quality of medical equipment. It creates
more social value for the hospital.

Therefore, the use of big data to build a maintenance platform is
conducive to the complete documentation of medical equipment
maintenance information, which brings data support to future
management. The information management method can store a
large amount of data and information, and at the same time, it can
be queried when people want. The incomplete information is found
through systematic statistics and then supplemented in time to ensure
the integrity of the data.

5 Conclusion

Now technology is developing increasingly rapidly. Through the
combination of big data, informatization and digitalization and
“Internet +”, a medical equipment maintenance platform is
developed. This minimizes the cost of equipment use and improves
economic benefits, thereby achieving the goal of extending the entire life
cycle of the equipment and reducing the failure rate and making data

management more standardized. Although the current platform meets
expectations, the needs of hospitals are always changing. In the actual
use the process is gradually increasing, the system will inevitably not
meet all the needs, which will be further improved in the future. If the
number of equipment will continue to increase, the related functions
can be expanded, and all equipment in the hospital can be centralized in
the system for management. It includes the use department, use status,
and service life of the equipment. The big data generated by equipment
maintenance can be further mined and analyzed to provide better
reference for leadership decision-making. Finally, it is hoped that the
system can continue to expand to meet the needs of different hospitals.
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