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ABSTRACT

The paper investigates the modular architecture of distributed electrical control systems to enhance their

performance, reliability, and scalability. Unlike traditional centralized control systems, distributed systems

divide control tasks among independent modules such as data acquisition, communication, and distributed

control offering greater flexibility for complex industrial applications. The author reviews prior work in

modular design techniques, communication technologies (e.g., Ethernet and wireless networks), and data

processing methods, highlighting ongoing challenges in real time performance and system reliability. The

study proposes a distributed design framework that integrates modularization strategies with optimized

communication protocols and data transmission approaches. It also explores the application of intelligent

algorithms including Support Vector Machines, neural networks, fuzzy logic, and data mining for system

classification and pattern recognition. Experimental validation is conducted in real world engineering contexts,

demonstrating improved voltage regulation, system stability, and classification accuracy. Results from

iterative testing show effective convergence and enhanced model performance (e.g., R² = 0.7237 in biomass

estimation tasks). The paper concludes that thoughtful module design significantly boosts system effectiveness

and provides practical guidance for engineering implementations. However, the author acknowledges

remaining challenges and calls for further refinement of classification algorithms and experimental

methodologies to ensure robustness and adaptability across diverse industrial environments.
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1. Introduction

With the swift advancement of information technology, distributed electrical control systems have emerged as

a novel type of control system framework, garnering increasing attention and utilization. In contrast to con-
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ventional integrated control systems, distributed electrical control systems offer notable benefits, such as

enhanced flexibility, stability, and scalability, which are essential for meeting intricate industrial control

requirements [1]. These systems primarily comprise several independent modules, each tasked with distinct

functions, including data collection, execution of control logic, and communication. Consequently, effective

module design is vital for the overall performance and dependability of distributed electrical control systems.

Nevertheless, in real world applications, there is frequently a deficiency of systematic research and guidance,

leading to various issues and challenges during the design phase [2]. To tackle these challenges, this paper

undertakes a thorough investigation into module design within distributed electrical control systems. By

analyzing existing research outcomes and practical application instances, a design framework rooted in a

distributed architecture is proposed to enhance the system’s performance and reliability. The research con-

tent of this paper encompasses the following key areas: firstly, an overview of the background and current

landscape of distributed electrical control systems. Through comparative analysis, we have identified numer-

ous shortcomings in traditional integrated control approaches, while distributed electrical control technol-

ogy presents significant advantages and considerable growth potential [3]. The significance and necessity of

examining distributed electrical control systems are emphasized through comparative evaluation. Secon-

dly, a design frame work based on a distributed architecture is introduced, covering modular design, selection

of communication protocols, and data transmission strategies. By allocating control tasks across different

modules, the system achieves greater flexibility and scalability.

Simultaneously, by adopting appropriate communication protocols and refining data transmission strategies,

the system’s real time performance and reliability are enhanced [4]. Following this, the functionalities and

implementation methods of each module are elaborated on, including the distributed controller, communica-

tion, and data acquisition modules, among others. For each module, its purpose and design principles are

outlined, along with specific implementation methods and technical guidance. Lastly, the proposed design

framework is experimentally validated. Through application trials in real engineering contexts, the system’s

performance and reliability are confirmed. The experimental findings illustrate that the proposed design

framework is practical and adaptable, fully satisfying the requirements of real world applications [5]. This

research holds significant value for optimizing the design and engineering practices of distributed electrical

control systems. Through thoughtful module design, the system’s performance and reliability can be enha-

nced, allowing it to better respond to complex industrial control settings. Furthermore, the research outcom-

es provide beneficial references and guidance for engineering practices in related domains.

2. Early Studies

The modular design of distributed electrical control systems is an interdisciplinary domain encompassing

control theory, communication technology, electrical engineering, and other fields. This section presents

several works related to the research discussed in this paper: Modular design techniques. Modular design

techniques form a fundamental basis for the design of distributed electrical control systems. Previous studies

have introduced a design approach for distributed controllers grounded in the modular concept, which segments

the power system into several subsystems, each managed by a distributed controller. This technique enhances

the system’s reliability and scalability [6]. Furthermore, by incorporating object oriented design principles,

the distributed electrical control system is conceptualized as multiple autonomous objects, with interaction

and collaboration occurring through message passing. Communication technology: Real time communication

among modules in distributed electrical control systems is essential for data transfer and control command
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exchange. Consequently, communication technology plays a vital role in the system’s performance and

reliability. For instance, Ethernet communication technology is extensively utilized in the industrial control

sector, offering fast and dependable communication services [7].

Moreover, there are distributed control system design methodologies that leverage wireless communication

technologies, such as wireless sensor networks and mobile communication systems. These technologies enhance

the system’s adaptability and scalability. Data acquisition and processing represent critical elements of

distributed electrical control systems, playing a significant role in real time control and decision making. For

example, a data acquisition and processing framework built in LabVIEW can facilitate data collection and

analysis from multiple sensors, enabling real-time monitoring and control. Additionally, data acquisition and

processing techniques that utilize cloud computing and big data technologies can accomplish real time

processing and analysis of extensive datasets. System implementation and application examples: Beyond

theoretical studies, research has examined the real-world implementation and application of distributed

electrical control systems [8]. For instance, a distributed power system control framework has been designed

to enable real time monitoring and control. Additionally, practical engineering scenarios have been employed

to validate the system’s performance and reliability. For example, a control system utilizing a distributed

architecture has been developed for water treatment facilities, achieving real time monitoring and control of

the water treatment process [9]. In conclusion, the module design of distributed electrical control systems is

a multifaceted and significant area of research. Previous investigations have primarily concentrated on modular

design techniques, communication technologies, and data acquisition and processing, among other places.

Nonetheless, challenges remain, such as ensuring the system’s real time performance, reliability, and scalability

[10]. Therefore, this paper aims to advance the modular design of distributed electrical control systems,

improve the overall system performance and reliability, and provide valuable insights and guidance for real

world engineering applications.

3. Application of Intelligent Algorithms in the Design of Distributed Electrical
Control Systems

Machine learning techniques represent a fundamental approach to developing classification algorithms.

Previous studies have seen numerous researchers employing machine learning methods to categorize and

recognize distributed electrical control systems. For instance, the Support Vector Machine (SVM) technique

can leverage sample data for system classification. Furthermore, some scholars have implemented neural

network techniques to model and classify these systems. These machine learning methods can accomplish

system classification and identification by understanding the characteristics and trends of sample data. By

progressively increasing the quantity of trees and utilizing feature selection methods, we can derive precise

models from n trees and iteratively enhance them to achieve accurate outcomes. The underlying concept of

this approach is that through modeliterations, we can generate precise model outcomes and assess model

accuracy based on the iteration results. The formula for this calculation is as follows:

(1)

T symbolizes the total number of leaf nodes in each tree, while fk indicates specific branches and their weights

in each tree. q represents specific branches in each tree, q (x) refers to the weight of each branch, and f (x)
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denotes specific branches in each tree. Pattern recognition is vital for classification algorithms. Pattern rec-

ognition techniques enable systems to classify and identify by examining and extracting features and patterns from

data. In prior studies, many researchers have employed pattern recognition techniques to categorize distr-

ibutedelectrical control systems. For example, fuzzy logic based pattern recognition algorithms can process

and analyze ambiguous data within the system, facilitating system classification and identification. Additionally,

some researchers have utilized genetic algorithms and fuzzy clustering techniques to achieve system

classification and identification. Data mining techniques are another crucial approach for creating classification

algorithms. Data mining algorithms enable systems to classify and identify data through the exploration and

analysis of data. In previous research, numerous scholars have applied data mining techniques to classify

distributed electrical control systems. For instance, association rule algorithms can conduct association

analysis on data within the system, leading to system classification and identification. Moreover, some

researchers have implemented clustering techniques and classification algorithms to facilitate system class-

ification and identification. In an electric field, the stability of liquid droplets depends on their charge: they

remain stable only when their charge is below a certain threshold; otherwise, they break apart. This significant

threshold is known as the Rayleigh limit, and its specific representation is:

(2)

qmax represents the Rayleigh limit, which reflects the surface tension of the liquid, 0 denotes the vacuum

permittivity, and rd refers to the radius of the liquid droplet. Through convolution and pooling, the foggy

structure of the droplets is transformed into complete data, which is then passed to the fully connected layer,

enabling the transformation from one set of data to another. Like other traditional sensors, the fully connected

layer can utilize activation functions to process information, effectively reducing the complexity of information.

However, their tools differ: the former can abstract complex information from three dimensional space into a

form that can be captured, and the latter can abstract complex information into a form that can be detected.

The computational formula is as follows:

(3)

In this formula, xk represents the input of the k-th complete network module, f () represents the activation

function, wk represents the weight of the k-th complete network module, and bk represents the bias of the k-

th complete network module.

4. Experimental Design and Analysis

Experimental design and analysis are essential in the research of module design for distributed electrical

control systems. Through effective experimental design and thorough data analysis, the performance, stability,

and ability of the design can be assessed and confirmed. The following section presents some work related to

experimental design and analysis. Experimental design involves identifying the experiment’s goals, crafting

the experimental plan, and selecting the experimental parameters. In the context of module design for distr-

ibuted electrical control systems, experimental design must take into account the following factors.

To begin with, outline the goals of the experiment and the issues that need addressing, such as evaluating

system performance and optimizing modules. Next, identify the variables and their levels involved in the

experiment, including system parameters and module design strategies. Following this, develop the experiment

3
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protocol, detailing the specific procedures, sequence of experiments, and the number of iterations. Lastly,

establish the approach to measurement and data collection to ensure experimental outcomes. Despite

considerable advancements in video classification enabled by 3D convolutional networks, the doubling of and

parameters the limitations of current computational technology hinder the efficient long term memory of

networks. With advances in 2D convolutional neural networks, an increasing number of individuals are turning

to them for diverse video classification tasks. For instance, a novel approach can amalgamate various data

points based on user behavior, preferences, and geographical location, facilitating rapid and precise video

recognition. Moreover, another innovative technology can leverage web functionality to enhance video

recognition, better catering to user requirements. The deformation patterns of droplets in a high voltage

electric field show significant variability. Consequently, employing a convolutional neural network to extract

relevant data on these deformation patterns is highly accurate and effective. This technique successfully

identifies the deformation actions of multiple droplets by simulating dynamically changing environments,

providing greater flexibility in system decision making and control. Video classification algorithms generally

fall into two categories: single frame classification and continuous frame classification. These algorithms are

grounded in the fogging behavior of droplets.

By utilizing continuous frame techniques, the variations in droplet images can be more effectively captured,

leading to more precise identification of droplet locations and enhanced retention of temporal information

within the video stream, thus improving discrimination. This approach not only enables more precise tracking

of droplet positions but also preserves the temporal information in the video, leading to better identification

of droplet locations. Data collection and processing represent the fundamental stages of experimental design

and analysis. In the investigation of module design for distributed electrical control systems, it is essential to

gather various data during system operations, including input output data and sensor readings. The collected

data must be processed and analyzed to extract valuable insights. Data processing encompasses denoising,

alignment, and normalization. Data analysis includes statistical, spectral, time frequency, and feature extract-

ion. Through comprehensive data collection and processing, experimental results can be derived, assessed,

and validated.

Figure 1. Impact of Distributed Electrical on Voltage

According to Figure 1, when the system’s voltage sharply rises, our algorithm quickly converts the input of the

distributed units at Node 1 and Node 14 into outputs. After 30 iterations, the results of this algorithm are

significantly better than the current state, as evidenced by the number of Lagrange multipliers. When the
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voltage rises sharply, the unpredictability of this phenomenon is caused by the Lagrange multipliers (m)

tending to approach zero. However, based on experimental results, the positive reactive power flow from the

highest and lowest nodes effectively reduces the voltage distribution across the entire system. Result analysis

and evaluation are the ultimate goals of experimental design and analysis. In the research of module design for

distributed electrical control systems, it is necessary to analyze and evaluate the experimental results.

Resulterimental protocol, detailing the specific procedures, sequence of experiments, and the number of

iterations. Lastly, establish the approach to measurement and data collection to ensure experimental outcomes.

Despiteanalysis can be based on statistical methods and machine learning algorithms to mine and analyze

experimental data, discovering correlations and patterns between the data. Result evaluation can be per-

formed by comparing with design objectives and standards to assess the performance and quality of the design

plan. Additionally, the reliability and stability of the experimental results need to be considered, and their

credibility can be enhanced through repeated experiments and validation.

Figure 2. Relationship between Predicted AGB Values and Actual AGB Values

in Different Scenarios

Referring to the scatter plot shown in Figure 2, there exists a notable positive or negative correlation between

the configuration of the six feature variables and their corresponding outcomes. This suggests that when ass-

essing the aboveground biomass (AGB) of mangrove forests, it is crucial to thoroughly consider the con-

figuration of variables and highlight their diversity to enhance model accuracy. After refining the 21 feature

variables, our model exhibits strong performance, achieving an R2 of 0.7237 and an RMSE of 21.70 Mg/hm2.

This implies that the feature optimisation technique applied can significantly minimise errors and substantially

boost model accuracy. The 21 optimal image features encompass 11 distinct spectral ranges, 3 different ind-

icators of plant growth, 5 various geometric characteristics, and 2 distinct polarimetric backscattering coe-

fficients, all of which are vital components of the 21 images. As the number of training iterations increases, the

cross entropy loss decreases significantly, indicating effective convergence, and this trend persists.

As illustrated in Figure 3, there is no direct relationship between the objective function value and the recognition

outcomes of the droplet atomization pattern; however, their trends are interconnected. After 15 iterations,

the loss associated with recognising the droplet atomization pattern declines, resulting in an overall loss

reduction. In conclusion, experimental design and analysis are pivotal in the research of module design for

distributed electrical control systems. A thoughtfully crafted experiment and robust data analysis can assess

and confirm the performance, stability, and viability of the design approach. Through data collection and

analysis, experimental outcomes can be derived and scrutinized. Nevertheless, challenges and issues persist
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in experimental design and analysis, including the selection of experimental parameters and data processing

techniques, which necessitate further investigation and improvement. Hence, this research aims to advance

experimental design and analysis methodologies, improve the precision and reliability of design scheme

assessments, and offer valuable insights and guidance for the module design of distributed electrical control

systems.

5. Conclusion

Through the investigation of module design in distributed electrical control systems, this paper employs

classification algorithm design to facilitate the classification and recognition of modules within the system,

thereby supporting real time control and decision making processes. Concurrently, through experimental de-

sign and analysis, the performance, stability, and practicality of the design schemes can be appraised and

validated. However, several challenges remain to be addressed. Therefore, it is crucial to refine further the

design of classification algorithms and the methodologies for experimental design and analysis to enhance the

accuracy and dependability of design scheme evaluations, which is vital for the module design of distributed

electrical control systems. The experimental validation presented in this paper confirms the feasibility and

scalability of the design scheme. This research has significant value in enhancing the performance and reliability

of electrical control systems and provides valuable references for related engineering practices.
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