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Abstract - The management effectiveness and quality of electromechanical system information 
management are closely related to the safety production and financial advantages of businesses as 
it is the core of production management and safety management. This paper develops and 
establishes the electromechanical system information network from the perspective of 
electromechanical equipment management and recognizes the significance of parameter 
optimization in order to actively develop and establish the electromechanical equipment 
management information system network. Following an analysis of the benefits of the 
electromechanical equipment management information system network, the equipment 
management network structure and its connective equipment relationship system are built. 
Support Vector Machine (SVM) has demonstrated good performance in recent years in the research 
of electromechanical systems in tackling the classification problem of electromechanical equipment 
condition monitoring. This paper develops a simulation experiment to evaluate the performance of 
SVM in processing information from an electromechanical system network, optimizes the SVM's 
parameters using Particle Swarm Optimization (PSO), and examines the fault signals sent by the 
electromechanical system network in various time domains. The findings demonstrate that: (1) The 
SVM-based electromechanical system is capable of analyzing vibration signals by reducing noise, 
analyzing their frequency spectrum, and analyzing their axis trajectory. (2) The system is capable of 
identifying undiscovered defects, optimizing the classifier's parameters in accordance with sample 
characteristics, and assessing the system's efficacy. The main strategies and techniques for 
establishing company equipment information management are examined in this paper. The 
network of electromechanical equipment information management system may be built and used 
to effectively raise the calibre and degree of company equipment management. 
 
Keywords: Electromechanical system; SVM; Network information processing; Simulation 
experiment; Parameter optimization; Particle swarm algorithm. 

1. Introduction 
 
Large-scale mechanical and electrical equipment is 
employed in the factories and workshops of various 
businesses due to the industrial sector's rapid 
development, but these businesses encounter 
challenging management issues during the actual 
application process. As these devices are used, their 
workload will continuously climb, and related issues 
like impatient maintenance will frequently arise in 
real-world situations. These issues will have a 
significant negative influence on the output of 
businesses. As a result, businesses must manage the 
equipment through every stage of its life, from use to 
scrapping. Electromechanical equipment data, 
including the specific situation of equipment 
working use, fault handling, maintenance, and 
idleness, can be recorded in detail on the basis of 
computers and information sharing through the use 

of the networked electromechanical equipment 
management information system. A large amount of 
data will be produced in this process. Additionally, 
using network technology for management will 
make it simpler and more practical to manage. The 
goal of the mechanical and electrical equipment 
management information system is to manage the 
mechanical and electrical equipment of enterprises 
in a unified manner and achieve the management 
goal of integrating machinery and telecommunications 
through the use of network information technology 
and computer technology [1]. 

Support Vector Machine (SVM) is a type of 
machine learning that targets the second-class 
pattern identification issue and is based on the 
notion of structural risk minimization. Numerous 
research has expanded it to address a wide range of 
issues and it demonstrates good generalization 
abilities. There are primarily two types of 
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combination approaches in use today. They can 
effectively address the issue of few samples in fault 
diagnosis and are particularly suitable for fault 
pattern recognition in fault diagnosis. Compared to 
other intelligent methods, they have the advantages 
of short training times, strong robustness, excellent 
prediction and popularization abilities, and can solve 
the problem of few samples in fault diagnosis. 
Additionally, SVM has the benefits of high self-
learning capabilities, quick reasoning speed, and 
good overall classification performance [2]. 
Therefore, it is of great significance to study the 
optimization of network information processing 
parameters of electromechanical system based on 
SVM in this paper. 

A stochastic optimization approach built on 
swarm intelligence is called the Particle Swarm 
Optimization (PSO) algorithm. Starting with the 
stochastic solution, it iteratively seeks the best 
answer and uses fitness to gauge how good it is. The 
algorithm's detecting capability is improved with the 
addition of inertia weight. Due to its straightforward 
operation and great universality, the PSO algorithm 
has received a lot of interest in academic circles. It 
has been used in numerous domains to solve a 
variety of issues. 

This paper develops and establishes the 
information network of electromechanical systems 
from the standpoint of managing electromechanical 
equipment and appreciates the significance of 
parameter optimization based on the 
aforementioned issues. Following an analysis of the 
benefits of the electromechanical equipment 
management information system network, the 
equipment management network structure and its 
connective equipment relationship system are built. 
The effectiveness of SVM in processing data from an 
electromechanical system network is evaluated, and 
its parameters are optimized by the particle ant 
colony algorithm. Fault signals from the 
electromechanical system network in various 
temporal domains are also examined. 

 

2. Literature Review 
 

SVM, as a direction of artificial intelligence (AI) 
development, has stimulated an upsurge of research 
on statistical learning theory and SVM algorithm in 
the international context, along with the 
development of control theory, signal processing, AI, 
pattern recognition, and other disciplines [3]. Huang 
established that the SVM training problem can be 
divided into more manageable subproblems, and 
that solving each subproblem optimally is equivalent 
to solving the original quadratic programming 
problem in its simplest form [4]. Numerous 
researchers have looked into the "one-to-one" multi-
classifier Li suggested, which SVM performs well in 
[5], due to its use in intelligent defect diagnosis. Tao 

utilizes a genetic technique to refine the SVM's 
parameters for the condition identification of rolling 
bearings and reports strong popularization 
performance [6]. 

The main method for achieving enterprise 
equipment information management is the network 
of mechanical and electrical equipment information 
management systems. Munz examined the benefits 
of an electromechanical equipment management 
information system network before elaborating on 
its creation and use in the context of constructing an 
equipment relationship system and management 
network structure that are integrated throughout 
the entire network [7]. Gao described the 
development and implementation of the Rizhao Port 
electromechanical equipment management 
information system and discussed the significance of 
information and network technologies in equipment 
management [8]. In order to analyze the condition of 
an electromechanical system in a non-stationary 
state, Zhang studied the signal analysis technique. 
Programming is used to realize its benefits after a 
theoretical analysis [9]. 

In conclusion, the theory on the use of SVM in 
mechanical and electrical equipment fault diagnosis 
and the development of a mechanical and electrical 
equipment information management system 
network, which confirms the benefits of both in 
mechanical and electrical system management, is 
relatively developed among relevant scholars. Based 
on existing theories, this paper combines the 
benefits of the two and investigates how SVM can 
fully exploit its advantages in the network 
information processing process and parameter 
optimization of electromechanical system to ensure 
mutual cooperation among various functional 
modules in manufacturing and thereby effectively 
ensure the safe operation of equipment. 

 

3. Materials and Methods 
3.1 Network Information Processing of 

Electromechanical System 
 

The most crucial step in standardizing the 

administration of mechanical and electrical 
equipment is to establish an effective network 
management system for mechanical and electrical 
equipment and to make network connections of 

equipment management systems possible. To deal 
with equipment issues quickly, it is necessary to 
connect all grass-roots levels' electromechanical 

equipment points in series to the general network 
access site during the construction process. 
However, it is also possible to create a fairly ideal 

network site access function to implement unified 
management and partition fault handling [10]. 
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Software functions should be used in the 
construction of the entire system, where the 
software system is required to uniformly adjust the 
data of each subsystem based on the Internet, and  
each subsystem is also required to input the 
information of mechanical and electrical equipment 

and is also accountable for the equipment's 
maintenance and repair tasks [11]. Figure 1 below 
depicts the established paradigm of network 
information processing of electromechanical system: 
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Figure 1: Model of network information processing of electromechanical system (a. functional design of the model; 
b. organization structure of equipment technology) 
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The software function and the network 

realization function are the two primary functions 

that the electromechanical system's network 
information processing primarily realizes. Each 

grass-roots unit can receive network information 

through its own workstation and set up a remote 
access service function thanks to the network 

realization function, which refers to the realization 

of a computer interconnection network. The unified 

administration of subsystem information in the 
network environment is referred to as a software 

function.  

 

Each grass-roots unit is exclusively responsible 
for the network information management of the 
electromechanical system for its own unit and is 
responsible for the input, modification, and 
maintenance of the equipment management 
information data of its own unit. After performing a 
system analysis and general design, the 
electromechanical system is broken down into 10 
subsystems with a total of 21 functional modules 
[12] based on an analysis of the management of 
electromechanical equipment in use today. Figure 2 
below depicts the functional modules of the 
electromechanical information system: 
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Figure 2: Functional module of electromechanical information system (a. Functional model of electromechanical 
system; b. Sub-modules included in each system) 
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In enterprise management, an electromechanical 
system is a component of the information system 
that requires data interaction with other systems. 
These relationships should be clarified in the 
preliminary design, which will establish the 
groundwork for building an intranet and achieving 
information integration. After the launch of the 
corporate management information system master 
plan, work on the electromechanical network 
information system started. The development of the 
electromechanical network information system has 
been divided into two phases in accordance with the 

specifications of the master plan. Initially, a local 
area network-based business management system 
and an enterprise intranet were created. After that, 
progressively switch to a client/server distributed 
database management solution. It is established that 
the electromechanical network information system 
is made up of a database server, a dedicated 
workstation (running model base), and a large 
number of microcomputers based on the system's 
objective requirements [13]. In Figure 3 below, the 
system's structure and operation are depicted: 
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Figure 3: Structure and function between systems (a. System network structure; b. Data interface relations and 
functions between systems) 
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The information management system is linked to 
the enterprise's internal network using network 
technology, allowing the information resources of all 
departments within the enterprise to be shared and 
unified management within the enterprise to be 
realized. The mechanical and electrical equipment 
management information system network can also 
manage the equipment's accessories as well as the 
production and safety accidents in this unified 
management mode. Furthermore, it can ensure that 
all functional modules in production can cooperate 
with one another and that enterprises can continue 
to operate normally [14]. 

 

3.2 Network Information Processing of 
Electromechanical System based on SVM 
 

SVM theory, which was first proposed by V. N. 
Vapnik, is the newest component of statistical 
learning theory and is still in the early stages of 
development. SVM has many advantages over many 
traditional machine learning methods in solving 
small sample, nonlinear, and high-dimensional 
pattern recognition problems, and it can be extended 
to other machine learning problems such as function 
fitting. Although there are many problems in 
statistical learning theory and the SVM method that 
need to be investigated further, many documents 
show that they have become a new research hotspot 
in the field of machine learning after pattern 
recognition and neural network research, which is 
beneficial to the advancement of machine learning 
theory and technology [15]. The structural schematic 
diagram of SVM is shown in Figure 4 below: 
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Figure 4: Structure diagram of SVM 
 

The goal requirement of complicated large-scale 
systems and remote-control systems is system 
network information processing. The necessary 

material foundation for the deeper application of 
communication networks in control systems is 
provided by the intelligentization of field devices 
including sensors, actuators, and driving apparatus. 
The dependability and openness of network control 
systems have been solved, and they are now a 
reality, thanks to the development and maturity of 
high-speed Ethernet and field bus technologies. 

It is assumed that the fault training sample of an 
electromechanical system equipment is: 

 

         (1) 

 

In the above equation, , 

, i=1,…,n. l represents the sample 

size, n represents the number of characteristic 
parameters related to fault diagnosis. 

For analog signals, the intensity calculation 
equation is: 

                           (2) 

 

In the above equation, T represents the sampling 
time length in s. V(t) represents the vibration speed 

value in mm/s.  represents the vibration 

intensity in mm/s. 
The relationship of velocity value V(t) is 

expressed as: 
 

                                      (3) 

 

In the above equation, A(j) represents the 
acceleration value in mm/s2. 

Because the piezoelectric sensor is used, the 
acceleration measurement is obtained by sampling, 
and the speed obtained by integration will add a 
constant to the obtained speed, which must be 

subtracted, and this constant is the average value  

of the speed. Substituting the equation (3) into the 
equation (2), the calculation equation of vibration 
intensity is obtained as follows: 

 

             (4) 

 

Different from neural network based on the 
principle of experience minimization, SVM method is 
based on the principle of structural risk 
minimization, which improves the generalization 
ability of learning machine as much as possible. Even 
the solution obtained from limited training samples 
can still get smaller errors when solving problems. In 
addition, SVM algorithm is a convex quadratic 
optimization problem, which can ensure that the 
found extreme solution is the global optimal 
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solution. The above characteristics make SVM 
method an excellent learning algorithm. The theory 
of SVM is developed from the optimal classification 
surface in the case of linear separability.  

The idea of solving SVM for nonlinear samples is: a 
mapping  is used to transform nonlinear samples 
into linear ones, and then corresponding operations 
are performed, as shown in Figure 5 below: 
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Figure 5: The process of SVM processing nonlinear samples 

 
The commonly used loss functions are quadratic 

loss function, Huber loss function and ε-insensitive 
loss function, in which ε-insensitive loss function is 
proposed by Vapnik and is an approximate form of 
Huber loss function. Because of its unique sparsity, 
in general, the number of support vectors used in the 
expansion of ε-insensitive loss function is the least, 
so it is widely used [16]. ε-insensitive loss function is 
expressed as: 

        (5) 

In the above equation,  represents the 

parameter to be identified.  represents a given  

precision. This loss function means that if the 
difference between the predicted value and the 

actual value is less than , the loss is 0. 

Network information processing of 

electromechanical system based on SVM is a 

sampling control system composed of continuous 

controlled objects and components connected 

through computer network. The sensor data sent by 

the continuous object is sent to the discrete 

controller through the network channel, and then 

sent to the actuator [17] after sampling and 

calculation. The network control system structure is 

shown in Figure 6 below: 
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Figure 6: Network information processing structure of electromechanical system based on SVM 
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The transmission of information is invariably 
delayed due to the network's bandwidth restriction 
and information collision. There are delays between 
the sensors, controllers, and actuators, as well as 
delays between the controller and the actuator. The 
common approaches to setting super parameters for 
SVM can be broadly categorized into two categories: 
heuristic optimization techniques like ant colony, 
genetic, and particle swarm algorithms, which search 
the grid format in the parameter definition domain 
space to find the parameters with the smallest error 
as the output results. 

 

3.3 Simulation and Parameter Optimization 
based on Particle Swarm Optimization 

 
PSO was developed as a result of research on bird 

foraging behavior. The researchers discovered that 
although birds' behavior is unpredictable and they 
frequently abruptly change course, disperse, and 
gather while flying, they always retain consistency as 
a whole and maintain the ideal distance between 
individuals. In biological groups, there is a social 
information exchange mechanism that benefits 
group evolution and serves as the foundation for the 
development of the PSO algorithm, according to 

research on the behavior of biologically related 
groups [18]. 

In PSO algorithm, each particle can be regarded 
as a point in space. If the population size of the 
particle is N, the position of the i(i=1,2,…,N) th 

particle can be expressed as , the best position it 

has experienced as , its speed as , and the best 

particle position in the population as . Particle i 

updates its speed and position according to equation 
(6), which is expressed as: 

 

                                         (6) 

                                              (7) 

In the above equation, i=1, 2, …, m, d=1, 2, …, D. 

,  and  are constants.  and  are random 

numbers between [0,1]. 

The above PSO algorithm is applied to the 
parameter selection of SVM, and the number of 
particles added each time is 2. The specific steps are 
shown in Figure 7 below: 
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Figure 7: Parameter optimization steps of PSO algorithm 

 
The traditional PSO algorithm and its several 

enhanced algorithms all center on how to more 
efficiently search for the best solution in the solution 
space. But it turns out that when searching, particles 
always go after the current global ideal location and 

the optimal point they have already explored, 
according to an analysis of the speed and position 
equations. The speed of particles will eventually 
drop to zero as a result of their severely constrained 
ability to search once they have been unaltered for a 
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while. This will cause the particles to fall into local 
minima and be unable to escape them, which is likely 
to cause difficulties with local optimality. It is 
important to either raise the particle swarm's 
particle count or diminish the particle swarm as a 
whole's pursuit of the global optimum in order to 
broaden the search domain. But diminishing the 
particle's pursuit of the global optimum has the 
drawback of making it difficult for the algorithm to 
converge. The enhanced PSO method that is 
proposed in this study is based on the basic principle 
that N particles are added throughout each iteration 
process while their speed and position are 
determined at random. By increasing the number of 
particles and randomly adjusting the speed and 
position of the n particles, this can guarantee not 
only the algorithm's convergence without affecting 
the previous particle pursuit of the current global 
optimum, but also that the optimization search 
process is carried out in a wide range in the 
exploration space. 

The PSO algorithm and SVM are coupled in this 
paper, and the random walk of the particle swarm is 
employed to look for the best parameter solution in  

the definition domain. In contrast to evaluating 
parameters by accuracy rate, this paper uses the 
difference between the average distance within the 
class and the center distance outside the class of 
samples in the high-dimensional feature space to 
evaluate the fit degree of parameters to the classifier, 
which significantly reduces the memory usage and 
computational complexity of the algorithm. 

The simulation experiment is being run in Matlab 
software at the same time, with a simulation time of 
20 seconds and a sampling time of 0.01 seconds. Use 
of Matlab is made for the simulation experiment and 
numerical computation of the electromechanical 
system, as well as for modeling and simulation of the 
electromechanical system and for drawing the two- 
and three-dimensional simulation results. The 
modeling, performance analysis, and thorough 
design of the electromechanical dynamic system are 
solved using the Simulink simulation model of the 
system. PSO and SVM are integrated to address the 
issue of SVM parameter setting. Particle walk of PSO 
is used to optimize SVM parameters, resulting in the 
creation of a new SVM model called PSVM. Figure 8 
below displays the flowchart for the algorithm: 
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Figure 8: Flow chart of PSVM model algorithm 
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In this section, the PSO technique is presented as 

a solution to the SVM parameter setting problem. 

The best parameters are found via a random walk of 

particles within the defining domain. The difference 

between the average distance within a class and the 

center distance outside a class is utilized as the 

fitness of particles to assess the classification effect 

of particles in the meantime, which speeds up the 

search process and accelerates iteration. The 

quantity of calculation and operational complexity 

are significantly reduced when using this method as 

opposed to the conventional methodology, which 

uses classification accuracy as the assessment 

criterion. 

 

4. Results and Discussion 
4.1 Results 

 
In this paper, PSVM is proposed for binary 

classification problems, and it cannot be directly 

applied to multi-classification problems. In the fault 

diagnosis of mechanical and electrical equipment, it 

is not only necessary to distinguish between normal 

and fault, but also to further subdivide the fault 

types. Using simulation experiments, different types 

of faults are divided into five types: A, B, C, D and E. 

The classification effect is shown in Table 1 below: 

 

Table 1: The classification effect of PSVM algorithm 
Different 

labels 
A B C D E 

Number of 
training 

samples for 
PSVM model 

10 6 5 2 4 

Correct 
classification 

number 
9 6 5 2 4 

Accuracy 
 rate 

90% 100% 100% 100% 100% 

 
From the data in Table 1, there are 27 verification 

samples, 10 class A fault samples, 6 class B fault 
samples, 5 class C fault samples, 2 class D fault 
samples and 4 class E fault samples. Twenty-six were 
correctly classified, and the classification accuracy 
rate is 96%. Compared with the parameters before 
optimization, it shows that the classification 
accuracy rate is better. It shows that the effect of 
classification problem is improved by improving 
SVM algorithm. 

The original sample set is randomly divided into 
10 samples, one of which is used as the test set and 
the other part as the training set to calculate the 
average correct rate of 10 classifiers to evaluate the 
classification effect. Meanwhile, the SVM algorithm is 
selected as the control, and the test results of the two 
algorithms are compared, and the classification 
accuracy rate is compared. The results are shown in 
Figure 9 below: 
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Figure 9: Experimental comparison results of two algorithms (a. classification results of PSVM algorithm; b. SVM 
algorithm classification results) 

 
In Figure 9, Gamma represents the change of 

parameter values, and Rate represents the average 
classification accuracy rate. From the data in Figure 
9, the correct rate changes with the change of fitness, 
and the trend of the two is basically consistent. 
Therefore, the fitness accurately reflects the 
indexability of the data set and is closely related to 
the classification effect of the classifier. 

With the introduction of PSO algorithm, the PSVM 
model will increase the amount of computation to a 
certain extent when dealing with the classification 
problem of large-scale samples, which will aggravate 
the time consumption. Moreover, the comparison 
between the within-class average distance and the 
out-of-class average distance cannot fully reflect the 
distribution of data samples, which easily leads to 
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over-fitting or under-fitting of classifiers, and this 
aspect still needs to be optimized in future research. 

 

4.2 Discussion 
 
Nonlinear manifold learning and SVM were used 

in Arellano-suggested Espitia's fault diagnosis model. 
Based on 20 typical features of the time- and 
frequency-domain vibration signals of 
electromechanical systems, a high-dimensional 
feature space is built, and the low-dimensional 
manifold buried within it is retrieved by a nonlinear 
manifold learning technique set up in local tangent 
space. The grid search technique performs the 
adaptive selection of local neighborhood parameters 
in high-dimensional phase space and optimizes the 
parameters of dimension and neighborhood points 
to acquire the fault characteristics of 
electromechanical systems [19]. Wang examined and 
used a Back Propagation (BP) neural network model 
to realize the fault diagnosis of a hydraulic actuator. 
He also contrasted the differences between the 
standard gradient descent method and the adaptive 
learning rate gradient descent method in his study of 
the fault diagnosis method based on machine 
learning. The fault diagnosis approach based on the 
SVM algorithm is proposed, and its efficacy is 
confirmed [20]. The SVM method and its parameter 
optimization method are explored. Based on the 
currently accepted theory, simulation experiments 
are designed in this paper to test the effectiveness of 
SVM in processing information from an 
electromechanical system network. The parameters 
of SVM are optimized by PSO, and the fault signals 
sent by the electromechanical system network in 
various time domains are analyzed. In order to 
ensure that different functional modules in a 
production process cooperate with one another and, 
as a result, effectively ensure the safe operation of 
machinery, this paper examines how SVM can fully 
exploit its advantages in the process of network 
information processing and parameter optimization 
of electromechanical systems. 

 

5. Conclusions 
 

It is a crucial link in the network information 
processing and trend prediction of 
electromechanical systems in non-stationary states 
in order to accurately assess the system's current 
state. The SVM-based signal analysis technology is a 
key component among the many state analysis 
techniques. Accurate state information about the 
system can only be obtained by analyzing the state 
parameters of the system using more effective signal 
analysis technologies. In this regard, this paper has 
put a lot of effort. The main method for achieving 
equipment information management is through a 
networked system for mechanical and electrical 

equipment. The level and quality of equipment 
management can be successfully increased through 
the development and application of mechanical and 
electrical equipment information management 
system networks. Then, in order to guarantee the 
steady growth of associated businesses, it is made 
sure that businesses can generate while their 
equipment is operating normally. 

There are still several issues with this paper, 
though. The diagnostic model used in the algorithm 
verification stage is not sufficiently complex, it does 
not take into account the actual situation, and it 
misses elements like loss and disturbance in the 
electromechanical environment. Effective methods 
for the study of network information processing and 
parameter optimization of electromechanical 
systems on the basis of SVM are presented in this 
paper, but these methods are primarily aimed at the 
research object of this paper, and their applicability 
to other situations has not been established. The 
follow-up investigation should also conduct a 
number of simulation studies to verify the 
applicability of the test procedure. 
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