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Abstract

The existing electrical engineering design method and the dynamic objective function in the application process
of automatic control system fail to meet the unbounded condition, which affects the control tracking accuracy.
In order to improve the tracking control accuracy, this paper studies the electrical engineering design method
based on neural network and the application of automatic control system. This paper analyzes the structure and
working mechanism of electrical engineering automation control system by an automation control model with
main control objectives. Following the analysis, an optimal solution of controllability design and fault-tolerant
control is figured out. The automatic control power coefficient is distributed based on an ideal control effect of
system. According to the distribution results, an automatic control algorithm is based on neural network for
accurate control. The experimental results show that the electrical automation control method based on neural
network can significantly reduce the control following error to 3.62%, improve the accuracy of the electrical
automation tracking control, thus meeting the actual production needs of electrical engineering automation
control system.
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1. Introduction

Electrical engineering automation is essential for industrial production. Electrical industry tries to
replace more manual operations with various control processes in production. This process is called the
electrical engineering production automation, which means an electrical engineering production process
without human operation. Electrical engineering mechanization is developing rapidly in China. Over the
recent years, the development of electrical engineering mechanization around the world has focused on
artificial intelligence (AI). Meanwhile, the collaborative development of Al technology and other fields
is imminent [1,2]. Electrical engineering informatization has a great potential for driving the development
of industrial automation.

With the increasing complexity and control scale, electrical engineering control system commonly
have multivariable characteristics. As a result, traditional control approach fails to meet the bar of today’s
electrical engineering production, while new problems and challenges of modern industrial control
emerge. The author [3] builds a design scheme of intelligent electrical automation control system with
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the intelligent technology. First, the expert intelligent control algorithm helps get the real-time operating
parameters of electrical equipment to compare with data from the database. If the comparison results are
inconsistent, the digital expert experience processing method will be started to provide feedback to the
console. However, the above method fails to build a completed and accurate model for the monitored and
diagnosed electrical engineering automation control system. In addition, it is difficult to accurately
describe complex dynamic behavior, noise, interference and other factors. Therefore, in order to realize
the precise control of the system, this paper applies neural network to electrical engineering design and
automation control system. On top of that, an electrical engineering design method based on the neural
network is proposed.
The core research content of this article is shown in Fig. 1.
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Fig. 1. The core research content of this article.

2. Electrical Engineering Design Method Based on Neural
Network and Application of Automatic Control System

2.1 Modeling of Electrical Engineering Automation Control System

To research the distribution strategy and fault-tolerant control of electrical engineering automation
control system, it is necessary to analyze the structure and working mechanism of electrical engineering
automation control system, and establish an automation control model correspondingly. The data

acquisition mechanism covers different types sensors, such as flow sensor, liquid level sensor, tem-
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perature sensor and pressure sensor, which converts analog signals in various production into electrical
signals and inputs them into the automatic control system [4]. At present, the automatic control system
adopts the same components in the process of development, including the battery pack for energy storage
and system power supply, motor for braking energy recovery in braking process, and a controller for
monitoring braking status and controlling braking force distribution [5]. In this paper, permanent magnet
synchronous motor (PMSM) is selected as the main component of braking energy recovery. Due to its
fast torque response, high precision and good power density, PMSM is selected as the driving component
based on its overall performance better than most motors [6]. When the motor running speed reaches the
maximum value of the project target, it is denoted as the formula below:

Beu
a
0.4217 max

(M

In Formula (1), @y, represents the maximum speed; B is the transmission ratio; € represents the
reduction ratio of the main reducer; u is the maximum value of the project target; r is the rotation radius.
According to the analysis of motor power, the its design should meet electrical engineering objectives.
The specific requirements are put forward based on acceleration condition and the maximum speed

condition respectively. The following formula should be reached:

1/ fev mfuv
= 2
WL (71580 + 3600) 2)

In Formula (2), w is the maximum power; a represents the working efficiency of the motor; f
represents the distance from the center of mass to the front axle; ¢ represents the maximum torque of the
motor; v represents the rotation angle of the motor; m is the quality of the motor. Based on the above
analysis, a PMSM model is established to simulate the speed torque relationship of PMSM. In order to
further determine the power distribution and fault-tolerant control, it is necessary to analyze the objectives
of automation control [7].

2.2 Set the Automatic Control Target of Electrical Engineering Design

The control system becomes increasingly complex as automation control system is widely applied in
practical electrical engineering application. In order to solve actuator fault, sensor fault and other
component fault, fault diagnosis technology and fault-tolerant control are developed rapidly. Given the
development, it is necessary to set a main control objective to optimize the solution of controllability
design and fault-tolerant control. Accordingly, it is necessary to make the following assumptions: in the
design process, the output vector and state vector are measurable and available at any step. This
assumption ensures the availability of the input and output data of the automatic control system. In the
research, neural network will estimate the optimal controller and cost function bed [8]. The assumption
is to stabilize the nonlinear system in the presence of faults through designs of different fault-tolerant
controllers. In contrast, the automatic control objective based on this assumption not only stabilizes the
automatic control system with faults, but also achieves the optimal control performance. If the output
vector and state vector are not measurable, the observer or filter will be used to estimate the system state
[9]. This paper sets the ideal state trajectory as the automatic control target of electrical engineering
design. The error of trajectory tracking is denoted as:
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ulx)=i(x)—o(x+n-1) 3)

In Formula (3), u represents the tracking error; x represents the input signal; i represents the state
vector; o is the output vector; n represents the control steps. When the state variables of the system are
unbounded, the above constraints on the control objective function can be removed. In the research of
fault-tolerance control, it is very important to optimize the cost function or performance index of the
control system. In the previous fault-tolerant control, the optimal fault-tolerant controller performance is
designed on condition that the performance index is set in advance. However, the performance index will
change with different operating conditions. In order to optimize performance indicators, the cost function
will be defined by evaluation network approximation. The calculation formula for the cost function is as

follows:
c=0k+g®+ wq )

In Formula (4), ¢ represents the long-term cost function; 6 is discount factor; 4 is positive semi-
definite function; g is positive definite function; w is the optimal control state; g is a symmetric positive
definite matrix. In actual practices of electrical engineering, the reference output signal is determined by
the designer, so we can choose the signal that meet the conditions as the ideal output. At the same time,
the following objectives are achieved: (1) the minimum cost function is established to produce an
approximate optimal fault-tolerant control strategy [10]; (2) the output of the system can quickly track

the upper ideal trajectory, and all signals of the closed-loop MIMO system are uniformly bounded [7].

2.3 Distributing Dynamic Coefficient of the Automatic Control System

The dynamic coefficient of the automatic control system is allocated according to the ideal state of
automatic control power distribution. As required, the system motor should be in the critical state, or
reaches the requirement in the formula:

G 0.02)(%— sl)
= 0.72s

)

In Formula (5), 4 represents the power distribution coefficient of the control system; s is control
intensity; & represents the distance from the center of mass to the motor; [ is the height of the center of
mass. Leveraging the inequation above, we can get the relationship limit range of control power
distribution coefficient under no-load and full load conditions, respectively [11-13]. In the conventional
cycle condition of the motor, the control strength is basically around 0.15. According to the above
analysis, when the control strength is less than 0.15, the required safety performance reaches the

requirement, so it can be entirely controlled by the front axle [14-17].

2.4 Automatic Control Algorithm Based on Neural Network

The neural network structure has three input nodes, two hidden nodes and one output node. The specific
neural network algorithm flow is shown in Fig. 2 [18-20].

With the definition of neural network data, we optimize the weights and thresholds to combine
simulated annealing with neural network. Thus, we establish a quaternion vector according to the task

selection, which is denoted as:
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E=(S5CY,)) (6)

In Formula (6), E represents the established quaternion vector; S is the neuron node, which is the initial
data set; C is the weight matrix from input layer to hidden layer; Y is the threshold matrix of the hidden
layer. The original data is randomly generated during data processing. J represents the product of the
weight from the input layer to the first hidden layer and the threshold value from the first to the second
hidden layer. The objective function is the output error. The core content is to minimize the loss function.
The cooling mechanism is mainly used for controlling the process which is a gradual cooling process,
which can be denoted as:

co; + 1 = kco; )

In Formula (7), co represents the cooling mechanism; i is the decreasing step size; k is the cooling rate,
which directly affects the objective function minimization process. The dilemma of local optimization
can be solved by adding cooling mechanism into the neural network. Meanwhile, data should be collected
from the automatic control model which is established based on the neural network. In this paper, the
electrical engineering automatic control system installs sensors to record the running state of the system

in real time, collect the values, and transmit the data to the PLC.
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Fig. 2. Neural network algorithm flow.

3. Experiment

3.1 Experimental Preparation

This paper studies the electrical engineering design method based on neural network and the

application of automatic control system. This experiment selects the truss mechanical automation control
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system as the research object to simulate on-site production and build a simple truss mechanical
automation control system platform (Table 1).

Table 1. Experimental environment configuration

Software Edition
Hardware environment Intel i3 dicaryon CPU
Network environment 100 M switch
HD 6TB
Operating system Centors 7.0
Processing element Intel Xeon 64 @2.33 GHz
Dataset sample size 450 GB
Number of program processes 50
Hadoop Cloudera Hadop 5.0
Analog programming language Python

3.2 Experimental Results and Analysis

The method proposed in this paper serves as the experimental group while the existing electrical
engineering automation control method is the control group, thus conducting a comparative experiment.
Control Group 1 adopted the method from literature [3], while Control Group 2 utilized the method
proposed by literature [4]. For the experimental conditions, the movement time of the manipulator
controlled by electrical automation was set at 10 minutes, 30 minutes and 3 hours. The experimental

results are shown in Tables 2—4.

Table 2. Control following error (%) of control time, 10 minutes

Simulated material Experience group Control group 1 Control group 2
1 3.64 6.04 8.44
2 3.58 6.57 8.72
3 3.72 7.82 9.56
4 3.86 6.65 8.29
5 3.29 7.38 9.63

Table 3. Control following error (%) of control time, 30 minutes

Simulated material Experience group Control group 1 Control group 2
1 5.14 9.24 10.34
2 5.47 10.38 11.67
3 6.26 9.58 11.52
4 5.83 10.09 10.88
5 5.02 9.44 11.21

Table 4. Control following error (%) of control time, 3 hours

Simulated material Experience group Control group 1 Control group 2
1 12.14 18.45 19.27
2 12.48 19.64 19.84
3 11.92 18.21 19.69
4 12.63 18.32 20.36
5 12.38 19.90 19.72
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According to the experiment results above, that the electrical automation control method based on
neural network can significantly reduce the control following error, satisfy the production needs of
electrical engineering automation control system, and improve the application effect in industrial
production line.

4. Conclusion

Electrical automation control technology provides an advantage for manufacturers to improve labor
efficiency and industrial development in China. This paper studies the electrical engineering design
method based on the neural network. As the experimental results indicate, electrical automation control
technology can effectively reduce the tracking error of electrical engineering automatic control and
improve the accuracy of electrical automatic tracking control.
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