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To effectively solve the problems faced by modern electrical engineering, the design of an electrical automation control system
based on artificial intelligence technology is realized. A model of electrical automation control system based on an artificial
intelligence algorithm is presented. The control parameters are optimized by using the artificial intelligence algorithm control
strategy. The research results show that when there is 20% load interference and 2.1 Hz frequency interference, the maximum
failure rate of the turbine under system control is 0.02, indicating that the system has high anti-interference. Therefore, in the
automatic control of electrification, the application of the artificial intelligence algorithm can greatly improve the control
response time of the automatic control of electrification, save cost, and achieve efficient production.

1. Introduction

With artificial intelligence iterative growth and maturity as a
component of modern information technology, it has been
widely explored and popularized in a range of industries,
notably in the field of electrical automation control, assisting
in the evolution of electrical automation. AI technology
naturally integrates the information and intelligent content
of electronics, telecommunications, computers, and other
fields and disciplines. In a multitude of areas, it can be utilized
to simulate human awareness or thinking. Because Al
technology has computer advantages, such as the ability to
perform precise control operations, reduce reliance on human
interaction, and efficiently prevent avoidable mistakes caused
by human factors, its use in related sectors may significantly
increase the level of intelligence in these industries [1, 2].

Social development makes economic production increasingly
dependent on scientific and technological progress, be it agri-
culture, industry, or tertiary industry, which has been widely
used in electrical automation control technology; in electrical
automation control technology, artificial intelligence technol-
ogy has become the core part of electrical automation technol-
ogy research and application [3]. Artificial intelligence
technology integrates many technologies, including computer
technology, sensor technology, and GPS technology. Indus-
trial production uses intelligent technology, which greatly
reduces the work intensity of employees, greatly improves
the production efficiency of enterprises, and effectively
reduces the production cost, which makes enterprises more
competitive in the market [4]. In particular, the use of artificial
intelligence technology in dangerous areas can greatly reduce
the damage to operators. In industrial and agricultural
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production, the introduction of artificial intelligence technol-
ogy can reduce the unit cost and labor cost of production and
improve the operation accuracy in the process of industrial
and agricultural production; on the basis of minimizing
manual operations, the safety of production activities is effec-
tively improved, and production efficiency and enterprise
benefits are improved [5]. Machine learning has expanded
the capabilities and scope of electrical engineering optimiza-
tion, resulting in major advances not just in terms of cost
but also in terms of safety and real-time operation control
[6]. Nguyen et al. robust adaptive strategy based on pseudo-
fuzzy logic and sliding mode control (PFSMC) is proposed.
Due to the robustness of the sliding-mode control technology,
reduced sensitivity to uncertainty, and enhanced resistance to
pseudofuzzy mechanism interference, the proposed control
algorithm can not only guarantee the stability of the system
but also improve the steady-state tracking error. To verify
the design efficiency of PESMC, simulations and laboratory
tests of the proposed protocol and conventional PID schemes
were performed and compared below. In a computer environ-
ment, test cases with and without certainty are implemented
using two controllers to visualize comparative responses.
Then, both control methods are integrated into a real
hardware platform to obtain practical results [7]. With the
continuous growth of power demand in China, the require-
ments of electrical control system are constantly improving;
the traditional electrical control system cannot keep up
with the pace of social development [8]. The electrical auto-
mation control system using artificial intelligence technol-
ogy can effectively improve the level of control and finally
achieve modernization and intelligence.

Electrical automation control is highly significant in the
electrical industry; if electrical control automation is
achieved, production efliciency can be effectively enhanced,
lowering production costs including human resource
expenses. Fuzzy control, expert systems, neural networks,
and other artificial intelligence technologies are being
employed in electrical automation control. Artificial intelli-
gence in the growth of automation not only can promote
the overall progress in the field of electrical automation con-
trol but also can promote the growth of automatic control of
progress, so in the field of electrical industrial applications,
innovation requires the support of artificial intelligence,
using artificial intelligence technology to improve the con-
sciousness of mechanical ability and strengthening the elec-
trical automatic control [9, 10]. The manual technology in
electrical automation control is analyzed. An efficient and
precise control mode is an important basis of electrical auto-
mation control. Automation control mainly studies the
application of computer data processing, the classification
and identification processing of data digitalization, the struc-
tural optimization of system composition, the control of
electrical automation, and all small branches [11]. On the
basis of automation control technology, by combining with
an artificial intelligence algorithm, the work efficiency of
electrical automation control will be greatly improved to
some extent, save the time consumed in the traditional
electrical control, reduce the energy and human resources
consumed in the operation of equipment, greatly improve
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the control of machine time, and control the accuracy of
electrical automation control. Shi et al. proposed a clone
selection optimization system based on the joint learning
framework. The heuristic clone selection strategy in local
model optimization was used to optimize the effects of joint
training. First, the process improves the adaptability and
robustness of the federated learning solution and improves
the modeling performance and training efficiency. In addi-
tion, this study tries to improve the privacy security defense
capability of federal learning programs through differential
privacy preprocessing. Simulation results show that the
clone selection optimization system based on joint learning
has significant optimization capability for the basic perfor-
mance, stability, and privacy of the model [12].

A single controller’s automated running of a large elec-
trical power distribution network can enhance efficiency
and reliability while cutting maintenance costs. For the con-
trol to be most successful, the controller must have a general
overview of the whole network to reason about the cause of
the readings of the multiple sensing devices positioned
across the network. Conventional power system control
methods rely on a network of local devices that make choices
based on the instantaneous reading of a single sensor. These
single-parameter results may occasionally be incorrect due
to sensor malfunctions [13, 14]. Based on this, a model of
electrical automation control system based on the artificial
intelligence algorithm is proposed. It is applied in the exper-
iment; after testing in different working conditions, when
there is 20% load interference and 2.1 Hz frequency interfer-
ence, the control effect of the system is better than the tradi-
tional PID control system; under the control of the system,
the output frequency fluctuation of the turbine system is
small and has fast convergence to the optimal frequency,
and under the control of the system in this paper, the
maximum failure rate of the turbine is 0.02, which has high
robustness; it is predicted that the electrified industry in the
future will inevitably rely heavily on artificial intelligence
algorithms. In the automatic control of electrification, the
application of the artificial intelligence algorithm can greatly
improve the control reaction time of the automatic control
of electrification, save cost, and achieve efficient production.

2. Research Methods

2.1. Electrical Automation Control System Based on Artificial
Intelligence Algorithm

2.1.1. Hardware Design. The electrical automation control
system based on the artificial intelligence algorithm is
around the turbine regulation, as the goal, through a single
neural network-based PID intelligent controller module;
based on the adaptive ant colony genetic artificial intelli-
gence algorithm, the optimal control of PID intelligent
controller is realized.

2.1.2. System Structure. The core components of the system
include water turbine, pressure water inlet, and large motors,
among which the PID intelligent controller module based on
a single neural network is included, which belongs to the
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feedback control system. The structure diagram of the elec-
trical automation control system based on the artificial intel-
ligence algorithm is shown in Figure 1. In Figure 1, a
represents a given rotational speed signal, b represents the
output control signal, and ¢ represents the load disturbance
signal; for a parallel operating unit, its output power varia-
tion does not interfere with the frequency of the power
system; based on this kind of situation, the function of the
turbine regulating feedback system is 0; in this case, the
PID intelligent controller module based on a single neural
network can enable the follow-up system function.
Figure 1 illustrates that the turbine governor has experienced
the development process from the mechanical hydraulic
governor to the process of analog circuit to the microcom-
puter electrohydraulic governor. Prior to the appearance of
the microcomputer governor, the main mission of the gover-
nor (mainly machine governor and analog circuit governor)
was to adjust the water guide mechanism/paddle mechanism
(injection needle/converter mechanism) according to the
unit frequency deviation of the rating, and the turbine
governor is mainly a speed regulator.

2.1.3. PID Intelligent Controller Module Based on Single
Neural Network. The core of the intelligent PID controller
is a single neuron, which can complete self-learning and
has good adaptability, and the structure is simple and can
quickly adapt to the nearby environment, the field adjust-
ment parameters are few and easy to adjust, which can
ensure that the control system belongs to the optimal state
in practical application, and its control effect is better than
the ordinary PID controller. Based on using a single neuron,
the adaptive PID controller can play a better role. For the
converter input, it can make the turbine controlled process,
and PID control settings can be optimized, such as setting
S(r); the output can be transformed into the number of
relevant states required in neuron-based learning control;
in the state coeflicient Y,,Y,,Y; of the output of the
converter, Y,(r) is equal to ¢(r), Y,(r) operates on ¢(r) —
@(r—1), Y;(r) operates on ¢(r)—2¢(r—1)+¢(r—2), S
describes the performance index, R describes the neuron
proportional coefficient, and neurons using association
retrieval can derive control signals H,, H;, Hg; then, the con-
trol strategy of the artificial intelligence algorithm is used to
realize the optimal adjustment control of three kinds of con-
trol signals, that is, the three kinds of control parameters.

2.2. Control Strategy Based on Artificial
Intelligence Algorithm

2.2.1. Node and Path Generation. Set Hp, H,, H, as the three
variables to be set in the PID, the controller suppose there
are five significant digits for each of the three variables. Set
the 5 digits of H,, H;, Hy according to the value condition
in the PID controller 1 placed before the decimal point
and 4 places after the decimal point, for example, 1.0025.
Then, the ant path graph is optimized according to the ant
colony algorithm with this parameter. For these three
parameter values, they are abstractly described in the xOy
plane; the method is to draw 15 equally spaced and equally

long line segments A, A,, -+, A;s perpendicular to the x
-axis; among them, A, ~ A5, Ag ~ Ay, Aj ~ A5 describes
the first to fifth digits of H,,, H;, Hy in turn. Divide each line

segment equally; that is, obtain 10 nodes from each line seg-
ment and describe the digit values represented by the line
segment in turn. So far, there are 15 x 10 nodes in the xOy
plane, and set 1 node as a(x;, y;;), where x; describes the x

-coordinate of line segment Aj; y;; describes the ordinate
of node i on A, and the value corresponds to the ordinate
value y;; of the node. Suppose an ant starts at the origin O,
and after crawling to a random point in segment A;, imple-
ment a loop, and its crawling path can be described as B =
{0, a("p)’l,i)’ “(x27)’2,i)"">
is in line segment A then, the value described by this path
is shown in

a(xjy;;)}> where a(x;,y;;) node

0 —-1 -2 -3 —4
HP=y1’i>< 107 +y,,; X107 +y;,; X107 +y,, X107 + y5, X 1077,
H;=yg; x10°+y,, x 107"+, X 107 + 5, X 107 +y,0, x 1074,

Hy=y,;x 10° T Y12 X 107! RIPAERRS 107 T Y14, X 107 RIPAERRY 107
(1)

2.2.2. Algorithmic Control Process. The control process based
on the artificial intelligence algorithm is as follows:

(1) According to the parameter tuning method, namely,
Z-N method, the calculated PID parameter is

Hp,s—M’ Hi,s—M’ Hd,s—M

(2) The number of ant colonies is n, and each ant h has
15 ordinate values and crawling path attributes that
are used to store the 15 nodes passed by ants

(3) Hybrid algorithm parameter initialization: put the
ant at the starting point

(4) Set the value of variable j to 1; if the parameter p < p,,
then calculate the probability Qj?i(t) of ants transfer-
ring each node in line segment A; by formula (2).

On the contrary, formula (3) is used to select the sub-
sequent nodes through the wheel selection method,
and the value of this node is introduced in the table,

as shown in
0.958(t—1), 0.95(t—1) =8,

8(t) = (2)
O iny else,

where &(#) describes local pheromone parameters, as
shown in

[V’ﬁ(t)r [9:(0)°
Y heallowed, [lljji(t)]l ' [Sji(t)]z

0, else,

i € allowed,,

Q(1) =
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FIGURE 1: Structure of electrical control system based on artificial intelligence algorithm.

where allowed;, describes the nodes that ant h can select
next, [SJ.i(t)]2 describe the importance of visibility factors,

and W’ji(t)]_l

locus intensity

describes the importance of pheromone

(5) When each ant finishes a node, equation (4) is
adopted to refresh the local pheromone, and the
local information volatility coefficient is adaptively
transformed, as shown in

l//ji(—(l_(s)'Wji-l_S'AWji' (4)

Type Ayj; = P,/Spip;»> Spip; describe the node path passed;
the value of local pheromone parameter § is adaptive. Ay,
describe the track pheromone intensity per unit length.

(6) Set j=j+ 1, if the value of j is not greater than 15,
jump to Step (3); otherwise, jump to Step (7)

(7) Following the path that the ant h has climbed (array
G,), calculate the PID parameter H”, H", H" corre-
sponding to this path. Implement computer simula-
tion to obtain the performance index s/ of the
system, steady-state adjustment error d", and over-

shoot ¢, Calculate the corresponding objective func-
tion of ant h, record the best path and the best

performance index in this cycle, and lead Hg, H,
Hy into H, H, Hj

(8) Assuming h«—h+15, all pheromones are
refreshed according to equation (5), and the volatile
coefficient of all information is adaptively adjusted.
As shown in

V’ji(_(l_a)"//ji"'a'm//ji’ (5)

where 0 describes the volatilization coefficient of all
pheromones

(9) Use the single point crossing strategy to cross (cross
when crossing constraint variable 6 < 0.000001)
and generate new individuals

(10) Using the basic mutation (mutation occurs when
crossing the constraint variable 6 < 0.01) scheme,
calculate each parameter value again; if the perfor-
mance index obtained is close to the objective func-
tion F, so if the mutation is not removed, the
pheromone is updated, and conversely, the muta-
tion is removed

(11) If all ants do not converge to the same path, put all
ants at the starting point again and jump to the
step; otherwise, the loop stops and outputs the opti-
mal path and the corresponding optimal PID
parameters H, H, H}

2.3. Functions of the Electrical Automation Control System.
The function of the electrical automation control system is
control; the premise of the control function is to analyze
the data to provide a control basis.

(1) Information Collection. The electrical system is
required to have relevant data terminal collection
and software equipment; the main function of infor-
mation collection is to provide a basic guarantee for
the realization of the control function [15]. Terminal
equipment and software are used to collect equip-
ment, operation, and environment in the power
system; it mainly includes operation time, equip-
ment quantity, ambient temperature, fault condition,
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and alarm system and signals using the data col-
lected by the software and equipment with real-
time information on the power system to provide
operational information for the staff, so that the staff
can effectively deal with the emergency

(2) Information Transmission. Information is two-way
transmission, that is, terminal equipment and software
collect information to the processing center for trans-
mission, and the processing center is the transmission
of control processing instructions to the execution ter-
minal [16, 17]. Therefore, the process of information
transmission is particularly important, and informa-
tion transmission is also the main condition to realize
the control and supervision of the control system.
Transmission equipment of the power system mainly
includes video cable, signal cable, coaxial cable, and
optical cable; the corresponding transmission mode
can be selected according to transmission distance
and type, to ensure the quality and speed of informa-
tion transmission and to avoid information loss, not
timely transmission, coding disorder, and information
confusion [18]. The controller is required to include a
control module, power module, communication mod-
ule, and editing module, to ensure the coordination of
the system

(3) Information Analysis. Information analysis refers to
the main process of control and monitoring of the
control system; the control system should process
and analyze the information collected by terminal
equipment and software; after the collected informa-
tion is sent to the database, the control system and
software are displayed, and the system cannot be
handled independently by the staff to use the system
to help achieve the corresponding work [19]. In
addition, the system should collect data to achieve
storage, including the environment, equipment, and
other real-time data, which can be printed through
graphs, reports, etc., to facilitate staft analysis

(4) Diagnostic Control. Diagnostic control belongs to the
main function of the electrical automation control
system; after information collection and analysis,
the control system should be able to diagnose auton-
omously, based on the analysis results, including
computer, controller, and field terminal equipment
diagnosis, so that the system can run stably [20]. In
addition, the analysis and diagnosis results to achieve
control include power system fault detection and
operation detection, so that the power system can
operate stably

3. Result Analyses

The electrical automation system is more complex, including
many disciplines and fields. For example, in terms of electri-
cal automation equipment operation, the operators are
required to have good comprehensive quality and perfect
professional knowledge. In addition, the complexity of elec-

TaBLE 1: Parameters of the turbine system in the experiment.

Working
condition of A

Working

Parameter ..
condition of B

Turbine transfer

coefficient 1 03 o
Turblge transfer 0.75 1.28
coefficient

Turblqe transfer 1.47 0.93
coefficient

Turbine transfer 0 0
coefficient

Turblqe transfer 0.78 1.07
coefficient

Turblge transfer 0.48 0.36
coefficient

Generator self-adjusting 021 021

coefficient

trical automation focuses on operational effectiveness, which
can reduce the shutdown or other accidents caused by oper-
ation errors or improper operation. Therefore, Al technol-
ogy plays an important role in facing this real problem.
Take the computer theory as the basis, write a program,
which can realize the computer-based intelligent control.
Intelligent operation of electrical equipment can replace
the problem of insufficient human brain labor force, not
only improving work efficiency but also reducing cost input.
In addition, the use of artificial intelligence technology can
improve the scientific operation of electrical automation
equipment and realize the optimization of the real environ-
ment of equipment operation. The system is used in a
hydropower station to realize the optimal PID control of
the turbine in the hydropower station. A single machine sets
the isolated load, setting two types of working conditions:
working condition A is the design head rated power work;
working condition B is the design head, working with partial
load. Unit parameters are the following: runner model is
HIL220-L]-410; single unit capacity is 102.7 MW; the hydro-
dynamic inertia time constant is 1.11s, and the unit inertia
time constant is 6.66s. The parameters of the traditional
PID control system are set as Hp=4.04, H;=123,H;=

2.67. The parameters of the turbine system in the experi-
ment are shown in Table 1.

In working condition A, under the control of the system
and the traditional PID control system, the response curve of
the turbine system subjected to 20% load interference and
2.1 Hz frequency interference is shown in Figure 2. In work-
ing condition B, under the control of the system and the
traditional PID control system, the response curve of the
turbine system subjected to 20% load interference and
2.1 Hz frequency interference is shown in Figure 2. Analysis
of the control results in Figures 2 and 3 shows that the con-
trol effect of the system in this paper is better than that of the
traditional PID control system. Under the control of the
system in this paper, the output frequency of the hydraulic
turbine system fluctuates less and converges quickly to the
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optimal frequency. The output frequency of the hydraulic
turbine is stable at about 20s and remains at 0.000~0.005
between; under traditional PID control, the output fre-
quency of the hydraulic turbine system fluctuates greatly,
especially in 20s-40s, the output frequency of the hydraulic
turbine fluctuates up and down, and it can converge to the
optimal frequency when the experiment takes about 50s. It
can be seen that the control effect of the system in this paper
is the best.

When 20% load interference and 2.1 Hz frequency inter-
ference are tested, the failure rate of the turbine is shown in
Figure 4 after the system control is adopted. In Figure 4, the

maximum failure rate of the turbine under system control is
0.02 for both 20% load interference and 2.1 Hz frequency
interference, indicating that the system in this paper has
high anti-interference performance.

Set the input of the turbine system as a unit step signal.
Set the number of ants to 30 and the number of iterations
to 100. The range of PID control parameters is H, = H; =
H,4=1[0.00001, 20]; it is compared with the PLC electrical
automation control system and electrical control system of
conveyor controllable variable speed device. Figure 5 is the
PID step response diagram of the turbine system under the
control of three kinds of systems.
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Table 2 shows PID tuning parameters and system
unit step performance indicators. Based on the data in
Figure 5 and Table 2, it can be seen that the three PID
parameters of the system control have the best effect.
Compared with the other two systems, the adjustment
time of the turbine system is only 10.26, while that of
the other two systems is 37.36 and 16.59 which is much
higher than the system. The steady state adjustment error
and the number of overshoots are only 0.1677 and lower
than the other two systems. Therefore, the system control
performance is the best.

TaBLE 2: Unit step performance index of hydraulic turbine system.

PLC Belt conveyor controllable

Indicators System system  speed change device system
H, 8.0031  4.59 10.1

H; 0.0072 1.7 1.9945

Hy 0.6489 0.9 1.6879

Adjust the time 1026~ 37.36 16.59
Steady-state

adjustment 0.1677 8.2575 4.4408

error

The number of 177 35 9715 18.1964

overshoot

4. Discussion

The function of the electrical automation control system is
control, and the premise of the control function is to ana-
lyze the data to provide the control basis. (1) Information
collection: the electrical system is required to have corre-
sponding data terminal collection and software equipment,
and the main function of information collection is to pro-
vide the basic guarantee for the realization of the control
function. The terminal equipment and software are used
to collect the operation and environment of the equipment
in the power system, mainly including the operation time,
equipment quantity, environmental temperature, fault situ-
ation, and alarm system and signal. Use the data collected
by the software and equipment to provide operation infor-
mation to the real-time information in the power system,
so that the staff can effectively handle emergencies. (2)
Information transmission: information is two-way trans-
mission; that is, the terminal equipment and software
collect information to the processing center for transmis-
sion; the processing center is to control the processing
instructions to the execution terminal transmission. There-
fore, the information transmission process is particularly
important, and the information transmission is also the
main condition for the control and supervision of the con-
trol system. Power system transmission equipment mainly
includes video cable, signal cable, coaxial cable, and optical
cable, to choose the corresponding transmission mode by
transmission distance and model type, to ensure the qual-
ity and speed of information transmission, and to avoid
information loss, untimely transmission, coding confusion,
and information confusion. The controller is required to
include the control module, power supply module, com-
munication module, and editing module, to ensure the
working coordination of the system. The control results
of Figures 2 and 3 show that the control effect of the sys-
tem is better than the traditional PID control system, and
the output frequency of the turbine system fluctuates less
and quickly converges to the optimal frequency. Under
the traditional PID control, the output frequency of the
turbine system can converge to the optimal frequency at
about 50s. Therefore, the system controls the best.



5. Conclusions

Under the background of the rapid development of modern
science and technology, our life has been changed; artificial
intelligence technology has promoted the development of
modern civilization; as a new high technology, it has high
use value in real life. Design an electric automation control
model optimization based on the artificial intelligence algo-
rithm, and apply it in the experiment, after testing in differ-
ent working conditions; when there is 20% load interference
and 2.1 Hz frequency interference, the control effect of the
system is better than the traditional PID control system;
under the control of the system, the output frequency of
the turbine system fluctuates less, converges quickly to the
optimal frequency, and has high robustness; it is predicted
that the future electrification industry will inevitably rely
on the artificial intelligence algorithm. In the automatic con-
trol of electrification, the application of the artificial intelli-
gence algorithm can greatly improve the control reaction
time of the automatic control of electrification, save cost,
and achieve efficient production. Therefore, the application
of artificial intelligence algorithms is very broad. The appli-
cation of Al technology to electrical automation control
systems is crucial to the development of various fields. At
present, the electrical automation control system has been
widely used in intelligent buildings and has achieved certain
application results. When creating the electrical automation
control system, people must fully consider the actual
requirements, use appropriate methods to calculate the auto-
matic control system parameters, and actively use artificial
intelligence technology to improve the effect of electrical
automation control. The design and development of the
electrical automation control system must analyze the work-
ing environment interfering with the operation of equip-
ment and the operation of equipment and pay great
attention to the interference of external environment during
design. In addition, to ensure that the system can complete a
stable power transmission, based on the system research and
development and design cycle, the system research and
development personnel must accurately grasp the working
principle of the system.
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The data can be made available from the corresponding
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