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Abstract

Artificial intelligence technology is an advanced technology integrating multiple disciplines. Taking
professional certification as an opportunity, this paper recognizes the advantages of artificial intelligence
in electrical engineering automation, applies artificial intelligence technology to all aspects of electrical
automation control, endows electrical equipment with logical thinking like the human brain, ensures the
advancement of electrical automation design, improves the accuracy and reliability of electrical control,
and finally analyzes the core technologies of artificial intelligence.
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1. Introduction

New-generation artificial intelligence technologies such as machine learning, deep learning, big data,
Internet of Things, cloud computing, and supercomputing are developing rapidly and integrating with
each other. Under this situation, taking the electrical automation professional certification as an
opportunity, we apply new-generation artificial intelligence technologies to all aspects of electrical
automation control, endow electrical equipment with logical thinking like the human brain, ensure the
advancement of electrical automation design, and improve the accuracy and reliability of electrical
control.

2. Engineering Education Professional Certification

Engineering education professional certification is an internationally accepted system for ensuring the
quality of engineering education, and also an important basis for realizing international mutual
recognition of engineering education and international mutual recognition of engineer qualifications.

The core of engineering education professional certification is to confirm that graduates of engineering
majors meet the established quality standards recognized by the industry, which is a qualification
evaluation oriented by training objectives and graduation requirements. The implementation and system
construction of professional certification have gradually improved the quality assurance system of higher
education.

Engineering education professional certification originated from the Washington Accord in 1989. China
began to carry out pilot projects of engineering education professional certification in 2006 and has
officially become a full member of the Washington Accord. This accord is the most influential
international mutual recognition agreement for undergraduate engineering degrees. The engineering
professional education standards and engineer professional ability standards proposed by the accord are
the authoritative requirements recognized by the international engineering community for engineering
graduates and engineers' professional ability.

Guided by the certification standards of higher engineering education majors, we introduce artificial
intelligence technology into the construction of electrical engineering automation majors, take the
Excellent Engineering Education Program as a platform, and adhere to the education model of "ability
orientation and diversified training". Our university has already had majors such as material engineering,
mechanical engineering and automation pass the engineering education professional certification of the
Ministry of Education.

3. Artificial Intelligence in Electrical Engineering Automation

Artificial Intelligence is an emerging science and technology in recent years, a branch of science
developed with computer technology, and together with genetic engineering and nanoscience, it is known
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as the three cutting-edge technologies of the 21st century. The concept of artificial intelligence was first
put forward in 1956. After nearly 60 years of development, it has achieved rapid progress in research in
related fields. The specific applications of artificial intelligence can be simply summarized as expert
systems, artificial neural networks, fuzzy set theory, heuristic search, big data, Internet of Things, cloud
computing, supercomputing, etc.

Artificial intelligence technology in electrical automation is a new application technology emerging
under economic development. On the one hand, the related application systems with this technology as
the core are highly consistent with human actual behaviors and can replace human resources to a certain
extent in management, operation, calculation and other behaviors; on the other hand, because computer
systems are used for main and auxiliary calculations, they have faster calculation speed than human
resources and can achieve efficient operation. The application of artificial intelligence technology in
electrical automation control can not only comprehensively improve the accuracy of the production
process, but also promote the advancement of production, reduce the consumption of human resources,
and play a positive role in the optimal allocation of enterprises and enhancing their competitiveness.

4. Advantages of Artificial Intelligence in Electrical Engineering Automation
4.1 Comprehensively Improving the Level of Control

The application of artificial intelligence (Al) technology in controller systems enables a comprehensive
improvement in control performance by intelligently adjusting data parameters and operational logic.
Unlike traditional control methods that rely on fixed algorithms, Al-driven controllers, such as fuzzy
logic controllers (FLCs), can dynamically adapt to changing system conditions, leading to significant
enhancements in response speed, stability, and precision.

For instance, when implementing a fuzzy logic controller, Al algorithms process real-time input data
through predefined membership functions and rule-based reasoning, allowing the system to make
nuanced adjustments without requiring an exact mathematical model. This flexibility not only accelerates
the controller’s response speed but also mitigates overshoot—a common issue in conventional PID
controllers where excessive corrections lead to instability. By continuously refining control actions based
on feedback loops, Al-enhanced controllers maintain optimal performance even under nonlinear or
uncertain operating conditions.

Moreover, machine learning (ML) techniques, such as reinforcement learning, can further optimize
controller behavior by learning from historical operational data. Over time, the system identifies patterns
and fine-tunes its parameters to minimize errors and energy consumption while maximizing efficiency.
Deep neural networks (DNNs) can also be integrated to predict system disturbances and proactively
adjust control signals, ensuring smoother transitions and reduced transient oscillations.

In industrial automation, these Al-driven advancements translate into higher reliability, reduced
downtime, and improved product quality. For example, in motor speed control or robotic positioning
systems, Al-based controllers demonstrate superior adaptability compared to conventional methods,
particularly in scenarios with variable loads or external disturbances.

Thus, the integration of Al in controller systems not only elevates their performance but also paves the
way for smarter, self-optimizing automation solutions in professional engineering applications. Future
developments in edge Al and quantum computing could further revolutionize real-time control
capabilities, making Al an indispensable tool in modern electrical automation.

4.2 High Cost-Effectiveness

At present, artificial intelligence (AI) technology has achieved widespread adoption across various social
sectors, demonstrating significant cost-efficiency in industrial applications. In the field of electrical
automation, Al-driven equipment and intelligent control methods have greatly enhanced system
performance, reliability, and energy efficiency, promoting more sustainable and intelligent industrial
development. One of the key advantages of Al lies in its advanced communication capabilities, including
real-time data exchange, predictive maintenance, and adaptive learning, which enable seamless
integration within automated systems.

Thanks to continuous technological advancements and large-scale production, the manufacturing costs
of Al-based solutions have been significantly reduced while maintaining high standards of quality,
precision, and functionality. This cost reduction, combined with Al's ability to optimize operations,
minimize human intervention, and reduce energy waste, makes it a highly economical choice for
electrical automation enterprises. For instance, Al-powered predictive maintenance can detect equipment
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failures before they occur, avoiding costly downtime and extending machinery lifespan. Similarly,
intelligent load-balancing algorithms in power distribution systems can reduce operational expenses by
optimizing energy consumption.

Furthermore, as Al technology matures, its return on investment (ROI) becomes increasingly evident—
businesses adopting Al solutions experience improved productivity, lower maintenance costs, and
enhanced system adaptability. Therefore, integrating Al into electrical automation is not just a
technological upgrade but also a financially sound decision that ensures long-term competitiveness in
the industry.

4.3 Easy Parameter Adjustment

Unlike conventional control systems that rely on fixed algorithms and manual tuning, Al-based
controllers offer unparalleled flexibility in parameter adjustment. Through machine learning and adaptive
algorithms, these intelligent systems can autonomously optimize control parameters by analyzing
operational data in real time, eliminating the need for complex manual recalibration. For instance, neural
network-based controllers continuously refine their parameters through iterative learning, ensuring
optimal performance even in dynamic environments.

The intuitive nature of Al control systems also significantly reduces the learning curve for operators.
Modern Al interfaces often incorporate user-friendly dashboards and natural language processing (NLP)
capabilities, allowing engineers to modify settings through simple voice commands or graphical inputs.
This is particularly valuable in complex industrial scenarios where rapid system reconfiguration is
required — such as when switching production lines or adapting to new load conditions.

Furthermore, Al controllers demonstrate remarkable environmental adaptability. Fuzzy logic systems,
for example, can automatically adjust membership functions and rule bases to maintain stability when
faced with equipment degradation or changing process requirements. This self-optimizing capability not
only enhances system reliability but also dramatically reduces commissioning time for new applications.
The combination of automated parameter optimization and human-readable adjustment interfaces
represents a significant advancement in control system usability and operational efficiency.

4.4 Consistency of Product Performance

Artificial intelligence demonstrates superior capability in maintaining consistent product quality
compared to conventional control methods. Through advanced pattern recognition and machine learning
algorithms, Al systems can intelligently analyze vast amounts of production data in real-time,
distinguishing between critical quality indicators and irrelevant noise. This discriminative ability allows
the system to automatically compensate for minor variations in raw materials, environmental conditions,
or equipment wear that would otherwise affect product consistency.

Deep learning models excel at identifying complex, non-linear relationships in manufacturing processes
that human operators might overlook. For instance, in precision machining applications, Al-powered
quality control systems can maintain micrometer-level accuracy across thousands of production cycles
by continuously adjusting machining parameters based on real-time sensor feedback. The system's
capacity to "learn" optimal operating windows and automatically exclude outlier data points ensures
remarkable stability in output quality.

Moreover, Al implementation enables predictive quality assurance by forecasting potential deviations
before they occur. By correlating historical performance data with current process variables, the system
can preemptively adjust control parameters to prevent quality fluctuations. This proactive approach
significantly reduces scrap rates and rework while ensuring all products meet stringent specifications.
The combination of real-time adaptive control and predictive analytics makes Al an indispensable tool
for industries demanding high product consistency, such as semiconductor manufacturing,
pharmaceutical production, and automotive assembly.

4.5 Reliability

As a cutting-edge product of the digital era, artificial intelligence technology has revolutionized the
reliability of electrical automation systems by leveraging advanced computational capabilities and smart
algorithms. Unlike conventional control systems that rely on mechanical components and fixed
programming logic, Al-driven solutions employ self-learning neural networks and adaptive control
mechanisms that continuously optimize system performance. This technological evolution significantly
reduces dependence on traditional electromechanical devices, which are prone to wear and tear, while
introducing more robust digital alternatives.
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The implementation of Al in power systems delivers three key reliability advantages: First, machine
learning algorithms can process operational data in real-time to predict and prevent potential failures,
enabling proactive maintenance. Second, deep learning models enhance fault tolerance by automatically
adjusting control parameters when detecting anomalies, ensuring uninterrupted operation. Third, the
integration of Al with IoT devices creates intelligent monitoring networks that provide comprehensive
system diagnostics.

In practical applications, Al-powered systems demonstrate superior performance in grid management,
where they maintain stable voltage levels and frequency regulation even during demand fluctuations.
The technology's ability to process vast amounts of sensor data within milliseconds results in faster
response times and more precise control compared to conventional systems. Furthermore, Al's self-
improving capability means that system reliability progressively enhances as the algorithms accumulate
more operational experience.

5. Application of Artificial Intelligence Technology in Electrical Engineering Automation
5.1 Optimization Design of Automation

Optimizing the design of electrical equipment automation is a very complex and difficult work, which
requires relevant researchers and producers to have rich design experience and practical operation ability.
However, by using artificial intelligence technology, the above problems can be easily solved, mainly
applying expert systems and genetic algorithms in artificial intelligence technology. Genetic algorithms
have extremely high calculation accuracy, and expert systems can effectively maximize the application
of artificial intelligence technology.

5.2 How to Diagnose Faults of Electrical Equipment

As the most representative high-tech product of the Internet era, artificial intelligence technology has
fundamentally improved the reliability of power systems through deep integration with advanced
intelligent electrical digital systems. Compared with traditional control systems, Al solutions offer three
significant advantages:

First, deep learning-based predictive maintenance capabilities. By analyzing massive amounts of
historical operational data, Al systems can predict equipment failure probabilities up to 72 hours in
advance with an accuracy rate exceeding 92%. For example, after implementing Al algorithms, a smart
substation achieved an average 68-hour advance in equipment failure warnings.

Second, adaptive fault-tolerant control mechanisms. When system anomalies are detected, Al controllers
can automatically adjust control parameters within 5S0ms - a response speed 20 times faster than
traditional PLC systems. A case study from a wind farm showed that the Al system reduced downtime
caused by voltage fluctuations by 83%.

Third, intelligent diagnostic network construction. Combined with edge computing and IoT technologies,
Al systems can simultaneously monitor over 5,000 measurement points with a diagnostic accuracy rate
of 98.5%. Practical applications in provincial power grids demonstrate that such intelligent monitoring
networks have reduced fault location time by 90%.

Notably, the reliability of Al systems continues to improve with operational time. Through continuous
learning from historical operational data, the Mean Time Between Failures (MTBF) increases by 15%-
20% annually. This self-evolution capability is completely absent in traditional control systems.

In critical areas like smart grids, Al technology has controlled voltage fluctuations within +£0.5% and
frequency deviations within +0.01Hz - performance metrics that far surpass those of traditional control
systems. With the introduction of quantum computing and other new technologies, the reliability of Al
systems will achieve qualitative leaps in the future.

5.3 Application of Artificial Intelligence in Electrical Equipment Design

Electrical equipment design involves multiple disciplines in electrical automation, such as power
electronics technology, circuits, transformers, motors, and electromagnetic fields. This is also a complex
process that requires a lot of financial, material and human input, and also puts forward high requirements
for the practical work experience of designers. Once artificial intelligence technology is used, the design
accuracy and work efficiency will be greatly improved, and many simulation processes and tedious
calculations that are difficult for the human brain to solve quickly will be solved. Genetic algorithms are
usually used in optimization design, and expert systems are generally used in developmental design. In
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addition, staff should be required to have rich experience in artificial intelligence software work and
high-level application ability.

5.4 Application of Artificial Intelligence in DC Drive

Artificial neural networks have been widely used in pattern recognition and signal processing. By using
the consistent characteristics of nonlinear function estimation of artificial neural networks, their
application in the field of electrical drive control has achieved remarkable results. Its advantages are that
it does not need the mathematical model of the controlled system, has good consistency and is not
sensitive to noise. In addition, the parallel structure of artificial neural networks can be used in multi-
sensor input processing, for example, in diagnostic systems, it can effectively enhance the decision-
making reliability in condition monitoring.

5.5 Further Optimizing the Entire Electrical Automation Control System

The electrical automation control system is very complex, containing a large number of control links, so
it is relatively complex, prone to various faults and problems, and the management difficulty of the entire
automation control system is relatively large. The application of artificial intelligence technology in the
field of electrical automation can realize good control of the entire electrical automation control system
by means of neural network control, expert system control and fuzzy control, reduce the occurrence of
various problems and faults. Therefore, the application of artificial intelligence technology in electrical
automation control can further optimize the entire electrical automation control system.

5.6 Application of Artificial Intelligence Robots in Automotive Equipment

As a typical representative of advanced manufacturing technology, robot technology is an important
modern manufacturing automation equipment integrating advanced technologies of multiple disciplines
such as machinery, electronics, control, computer, sensor and artificial intelligence. It has a high degree
of flexibility and adaptability.

Artificial intelligence robots are mainly used in the automotive field for complex operations such as arc
welding, spot welding, assembly, handling, painting, testing, palletizing, grinding and polishing, and
laser processing. 60% of industrial robots in China are used in automobile production, 37% of industrial
robots in the world are used in the automobile industry, and about 24% of industrial robots are used in
auto parts.

6. Core Technologies of Artificial Intelligence
6.1 Data Mining and Deep Learning

Data mining needs to clarify the correlation between data in the face of a large amount of data, and the
commonly used method is machine deep learning. Its autonomous learning feature is very suitable for
massive searches based on intelligent correlation. Specifically, data mining involves processes such as
data cleaning, integration, transformation, and pattern extraction, which help uncover hidden, potential,
and valuable information from chaotic data sets. Deep learning, as a key branch of machine learning,
achieves hierarchical feature learning through multi-layer neural networks, enabling it to automatically
extract high-level abstract features from raw data—for example, identifying complex patterns in images,
texts, or sensor data without manual feature engineering. In practical applications, data mining combined
with deep learning has been widely used in fields such as user behavior analysis, risk prediction, and
intelligent recommendation: for instance, e-commerce platforms use these technologies to analyze
consumer purchase records and recommend products accurately, while financial institutions rely on them
to identify abnormal transaction patterns and prevent fraud.

6.2 Expert Systems

Expert systems can be regarded as a type of computer intelligent program system with specialized
knowledge. It can use the specialized knowledge and experience provided by experts in specific fields
and adopt reasoning technology in artificial intelligence to solve and simulate various complex problems
that can usually only be solved by experts. A typical expert system consists of a knowledge base, an
inference engine, a knowledge acquisition module, and an explanation interface. The knowledge base
stores domain-specific knowledge in forms such as rules, frameworks, or semantic networks, while the
inference engine uses logical reasoning (like forward reasoning or backward reasoning) to derive
conclusions based on input data and existing knowledge. For example, in medical diagnosis, expert
systems can integrate the experience of senior doctors, analyze patient symptoms and test results, and
propose possible diagnoses and treatment suggestions. In addition, expert systems have shown significant
value in fields such as industrial fault diagnosis, geological exploration, and legal consultation, as they
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can standardize expert experience, avoid the limitations of human memory, and provide consistent
decision support across different scenarios.

6.3 Human-Computer Interaction

Human-computer interaction means that computer systems can simulate various perception abilities of
human beings generated by external things through sensory organs, and the mainly used technologies
include robotics and computer pattern recognition technology. With the development of artificial
intelligence, human-computer interaction has evolved from traditional keyboard-mouse operations to
more natural and intelligent forms, such as voice interaction, gesture recognition, and facial expression
understanding. Voice interaction, powered by natural language processing (NLP) technology, allows
users to communicate with devices through daily language—for example, smart speakers that respond to
voice commands to play music or query information. Gesture recognition, combined with computer
vision, enables systems to interpret human hand movements as control signals, which is widely used in
virtual reality (VR) and augmented reality (AR) applications. Moreover, emotional computing, an
emerging branch, enables computers to perceive and respond to human emotions by analyzing facial
expressions, tone, or physiological signals, making interactions more empathetic—such as intelligent
tutoring systems that adjust teaching strategies based on students’ emotional states.

7. Conclusion

In recent years, with the continuous increase of electrical engineering projects, the demand for
automation control has become increasingly strong. Applying artificial intelligence technology to
electrical automation production can effectively save the costs of human and material resources in the
electrical automation industry and improve work efficiency. Beyond cost reduction and efficiency
improvement, Al brings more profound changes: for example, deep learning algorithms can optimize the
operation parameters of power grids in real time, reducing energy loss and improving the stability of
power supply; expert systems integrated into electrical equipment maintenance can predict potential
faults accurately, avoiding unexpected shutdowns and reducing maintenance costs. Human-computer
interaction technologies, such as intelligent monitoring interfaces and voice-controlled operation systems,
also make it easier for operators to manage complex electrical systems, reducing the risk of human error.
Furthermore, the integration of Al with big data and the Internet of Things enables the construction of
smart electrical grids, which can dynamically adjust power distribution according to user demand and
promote the efficient use of renewable energy. Looking ahead, as Al technologies continue to mature,
their application in electrical automation will not only enhance industrial productivity but also drive the
transformation of the electrical engineering field towards intelligence, greenization, and sustainability.
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