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This paper provides a comprehensive review of Ring Main Unit (RMU) technology 

and its applications in urban and rural electrical distribution systems, analyzing a 

total of 58 relevant articles. The study identifies three primary RMU 

configurations: compact, extensible, and modular, each tailored to specific 

operational requirements. Significant technological advancements, particularly in 

automation and remote monitoring, have enhanced RMU functionality, allowing 

for real-time fault detection, isolation, and recovery. These advancements have led 

to improved operational efficiency and network reliability, with smart grid 

integration further optimizing electricity distribution and fault management. Case 

studies from urban environments demonstrate the benefits of compact RMUs in 

space-constrained settings, while rural applications highlight the robustness of 

RMUs in managing variable load conditions and harsh environmental factors. The 

review confirms that RMUs significantly improve key performance metrics, 

including fault detection accuracy, isolation speed, and recovery times, 

contributing to reduced outage durations and enhanced network stability. This 

study underscores the critical role of RMU technology in modern electrical 

distribution systems, providing evidence of substantial progress and emphasizing 

the importance of tailored solutions to meet the unique challenges of different 

environments. 
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1 Introduction 

The reliability and efficiency of electrical distribution 

systems are paramount to ensuring a stable and 

continuous power supply across both urban and rural 

areas(Daud et al., 2024). In these distribution networks, 

Ring Main Units (RMUs) play a critical role by enabling 

key functions such as fault isolation and load switching. 

An RMU is a type of electrical distribution device that 

connects and disconnects different sections of a network 

to isolate faults and maintain service continuity (Biasse 

et al., 2016). These units are typically enclosed, compact 

switchgear that can be used in substations or along 

distribution feeders. Recent developments in RMU 

technology have focused on enhancing their 

compactness and robustness, making them more suitable 

for a variety of installation environments, including 

underground and outdoor settings (Zhou & Xu, 2023). 

These advancements are aimed at improving the 

reliability and efficiency of electrical distribution 

systems, thereby minimizing outages and ensuring a 

continuous supply of power. 

RMU technology has evolved significantly, with various 

designs tailored to specific applications and operational 

requirements. Compact RMUs are designed to occupy 

minimal space, making them ideal for urban 

environments where space is limited. These units have 

integrated automation features that allow for remote 

operation and monitoring, reducing the need for manual 

intervention and increasing operational efficiency (Song 

et al., 2022). Extensible RMUs offer the flexibility to 

expand the distribution network as needed, providing a 

scalable solution for growing urban areas. This flexibility 

is particularly beneficial in dynamic urban settings where 

infrastructure needs to adapt quickly to changing 

demands (Algwari & Saleh, 2021). The ability to extend 

and customize these units makes them a preferred choice 

for urban electrical distribution networks, where future 

expansion is often necessary. 

In rural areas, RMUs must be adaptable to varying load 

conditions and environmental factors. Rural RMUs are 

often designed with higher durability and robustness to 

withstand harsh weather conditions and less stable power 

supply environments (Zhang et al., 2023). Recent 

advancements in these units include enhanced insulation 

materials and more resilient switchgear components, 

which help maintain reliability in rural networks (Jiang 

et al., 2021). These technological improvements ensure 

that RMUs can provide consistent performance even in 

less controlled environments, thereby extending their 

applicability and reliability in rural settings(Yijun et al., 

2019). The robust design of rural RMUs addresses the 

unique challenges posed by rural electrical distribution 

systems, where infrastructure is often less developed 

compared to urban areas. 

Automation and remote monitoring capabilities have 

significantly improved the functionality of RMUs. These 

advancements allow for real-time data collection and 

remote control of the units, facilitating faster fault 

detection and resolution (Montanari et al., 2022). The 

integration of smart grid technologies with RMUs has 

further enhanced their operational capabilities, enabling 

advanced data analytics and predictive maintenance. 

This technological synergy has led to more proactive 

management of electrical distribution networks, 

minimizing downtime and improving overall efficiency 

(Osornio-Rios et al., 2019). The ability to remotely 

monitor and control RMUs reduces the need for on-site 

personnel, thereby lowering operational costs and 

improving response times to network issues. These 

capabilities are particularly beneficial in both urban and 

rural settings, where quick response to faults is crucial 

 

Figure 1: Ring Main Unit (RMU) in Electrical Distribution 
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for maintaining a reliable power supply. 

Urban and rural applications of RMUs present distinct 

challenges and benefits(Sharifinia et al., 2021). In urban 

areas, the primary focus is on achieving high reliability 

and efficient use of space. Compact and extensible 

RMUs meet these requirements by offering advanced 

automation features and scalable designs (Martinovic & 

Fulnecek, 2022). The compact design of urban RMUs is 

essential for accommodating the limited space available 

in densely populated areas. Additionally, the automation 

features of these units enhance their operational 

efficiency, reducing the need for manual intervention and 

ensuring a quick response to faults. In contrast, rural 

applications prioritize robustness and adaptability to 

variable loads and environmental conditions. RMUs 

designed for rural settings incorporate durable materials 

and resilient components to ensure reliable operation 

under diverse conditions (Purnomoadi et al., 2020). The 

adaptability of rural RMUs to varying load conditions 

and harsh environmental factors is crucial for 

maintaining a stable power supply in these areas. These 

differing requirements highlight the necessity of tailoring 

RMU designs to the specific needs of the deployment 

environment, ensuring optimal performance across 

various settings. 

The objective of this study is to conduct a comprehensive 

review of Ring Main Unit (RMU) designs and their 

applications within urban and rural electrical distribution 

systems. This review aims to analyze and synthesize 

existing literature on various RMU configurations, 

including compact, extensible, and modular designs, to 

understand their operational benefits and limitations in 

different settings. Furthermore, the study seeks to 

explore recent technological advancements in RMU 

technology, such as automation, remote monitoring, and 

smart grid integration, and assess their impact on the 

performance and reliability of electrical distribution 

networks. By comparing the distinct requirements and 

challenges associated with RMU deployment in urban 

versus rural environments, this research intends to 

provide valuable insights into optimal RMU design and 

implementation strategies. The ultimate goal is to inform 

electrical utilities, policymakers, and researchers about 

the current state of RMU technology and offer 

recommendations for future improvements, aiming to 

enhance the reliability and efficiency of power supply 

systems across diverse geographic and operational 

contexts.

 

2 Literature Review 

Ring Main Units (RMUs) come in various designs, each 

suited to specific applications and operational 

requirements. Compact RMUs are widely used in urban 

areas due to their space-saving design and ease of 

installation. Extensible RMUs offer greater flexibility, 

allowing for future expansions and modifications, 

making them suitable for both urban and rural 

applications. Modular RMUs, with their customizable 

configurations, provide an optimal solution for complex 

distribution networks. Technological advancements have 

significantly impacted RMU performance, with 

innovations such as automation and remote monitoring 

enhancing operational efficiency and fault management. 

Smart grid integration has further improved the 

functionality of RMUs, enabling real-time data 

collection and analysis for better decision-making. The 

literature reveals distinct differences in RMU 

applications between urban and rural settings. In urban 

areas, the focus is on reliability and space efficiency, 

 

Figure 2: Ring Main System Schematic 
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while rural applications prioritize robustness and 

adaptability to varying load conditions. Performance and 

reliability studies indicate that RMUs contribute 

significantly to reducing outage times and improving 

overall network stability. The literature review 

synthesizes these findings to provide a holistic 

understanding of RMU technology and its applications. 

RMU Designs and Configurations 

Ring Main Units (RMUs) are critical components in 

modern electrical distribution systems, and they come in 

various designs, each tailored to specific needs and 

environments (Li et al., 2016). The three primary types 

of RMUs are compact, extensible, and modular. 

Compact RMUs are designed to save space and are 

typically used in densely populated urban areas where 

real estate is at a premium. These units integrate multiple 

functionalities into a single, small footprint, making 

them highly efficient for use in confined spaces (Bendik 

et al., 2022). Extensible RMUs, on the other hand, offer 

flexibility for future expansion. These units can be easily 

extended to add more switches or other components as 

the electrical network grows, making them ideal for areas 

where demand is expected to increase (Daud et al., 

2024). Modular RMUs provide a customizable solution 

that can be tailored to meet specific requirements. These 

units consist of interchangeable modules that can be 

configured in various ways, offering significant 

flexibility and adaptability (Biasse et al., 2016). 

 

Each type of RMU has distinct technical specifications 

that cater to different operational requirements. Compact 

RMUs typically feature a small, enclosed design with 

integrated automation for remote monitoring and control, 

which enhances operational efficiency and reduces the 

need for on-site personnel (Zhou & Xu, 2023). 

Extensible RMUs are designed with additional 

compartments that can be easily accessed and modified, 

providing a scalable solution that can adapt to changing 

network demands. These units often include advanced 

insulation materials and switchgear components that 

enhance their reliability and durability (Xiao et al., 

2023). Modular RMUs are characterized by their 

customizable modules, which can be configured to meet 

specific operational needs. These units often incorporate 

the latest technological advancements, such as smart grid 

integration and advanced fault detection capabilities, to 

improve network performance and reliability (Yahaya et 

al., 2017). 

A comparative analysis of RMU designs reveals their 

varying suitability for different applications. Compact 

RMUs are most effective in urban environments where 

space is limited and operational efficiency is crucial. 

Their small footprint and integrated automation make 

them well-suited for use in high-density areas where 

quick response to faults is essential (Martinovic & 

Fulnecek, 2022). Extensible RMUs, with their ability to 

expand and adapt, are ideal for both urban and suburban 

areas where future growth is anticipated. These units 

offer a balance between initial investment and long-term 

scalability, making them a cost-effective choice for 

growing electrical networks (Yuan et al., 2022). Modular 

RMUs, with their customizable configurations, provide 

the greatest flexibility and are particularly useful in 

complex distribution networks that require tailored 

solutions. Their advanced technological features, such as 

real-time data analytics and predictive maintenance, 

 

Figure 3: Connection of RMU forming a loop 
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make them suitable for both urban and rural applications, 

where reliability and adaptability are paramount (Bendik 

et al., 2022; Biasse et al., 2016; Daud et al., 2024). 

2.1 Technological Advancements in RMU 

Technology 

Technological advancements in Ring Main Unit (RMU) 

technology have significantly enhanced automation and 

remote monitoring capabilities, which are critical for 

improving the efficiency and reliability of electrical 

distribution systems. Automation in RMUs includes the 

integration of microprocessor-based relays and 

automated switchgear, enabling real-time control and 

fault management (Zhang et al., 2023). Remote 

monitoring systems utilize advanced sensors and 

communication technologies to provide operators with 

continuous data on RMU status, fault conditions, and 

operational parameters (Ghosh et al., 2021; Jiang et al., 

2021). This capability allows for immediate response to 

faults, reducing downtime and maintenance costs (Fan et 

al., 2016). The integration of these technologies into 

RMUs facilitates a more efficient and proactive approach 

to network management, enhancing the overall 

performance of electrical distribution systems (Yijun et 

al., 2019). 

The integration of RMUs with smart grid technologies 

represents another significant advancement. Smart grids 

incorporate digital communication and information 

technology to monitor and manage electricity flows from 

all generation sources to meet the varying electricity 

demands of end-users (Osornio-Rios et al., 2019). RMUs 

equipped with smart grid technology can communicate 

with central control systems to optimize the distribution 

of electricity, detect and isolate faults, and manage loads 

more effectively (Qize et al., 2018). This integration 

allows for improved reliability and stability of the 

electrical grid by enabling better fault detection, real-

time data analysis, and predictive maintenance (Jin et al., 

2021). Studies have shown that smart grid-enabled 

RMUs contribute to significant reductions in outage 

times and enhance the resilience of power distribution 

networks (Lee et al., 2022). 

Advancements in insulation materials and switchgear 

components have also played a crucial role in the 

evolution of RMU technology. Modern RMUs utilize 

advanced insulating materials such as SF6 gas and solid 

dielectric insulation, which provide superior electrical 

and thermal performance compared to traditional air-

insulated switchgear (Ghosh et al., 2021). These 

materials improve the reliability and safety of RMUs by 

enhancing their ability to withstand high voltage and 

temperature conditions (Fan et al., 2016). Additionally, 

advancements in switchgear components, including the 

development of vacuum interrupters and advanced arc 

quenching techniques, have significantly improved the 

operational efficiency and longevity of RMUs (Jin et al., 

2021). These technological improvements not only 

enhance the performance and reliability of RMUs but 

also contribute to safer and more efficient electrical 

distribution systems (Kumar et al., 2021). The combined 

 

Figure 4: Configurations and Components of Different RMU Units: PT Unit, C Unit, and V Unit 
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impact of these advancements ensures that modern 

RMUs are more robust, reliable, and capable of meeting 

the demands of contemporary electrical networks 

(Bagrets et al., 2022). 

2.2 Applications of RMUs in Urban Electrical 

Distribution Systems 

Urban electrical distribution systems often face 

significant space constraints, necessitating the use of 

compact RMU designs. Compact RMUs are engineered 

to minimize their footprint while maintaining high 

functionality, making them ideal for densely populated 

urban areas where real estate is at a premium (Seri et al., 

2021). These units integrate multiple functionalities into 

a single, enclosed system, which can be installed in 

confined spaces such as underground vaults or within 

buildings (Gao et al., 2015). The compact design of these 

RMUs ensures that they can be easily accommodated in 

urban infrastructure, contributing to the optimization of 

space and resources in city environments (Li et al., 

2019). Additionally, the compact nature of these units 

does not compromise their performance or reliability, 

making them suitable for critical urban applications 

(Algwari & Saleh, 2021). 

Several case studies and examples highlight the 

successful deployment of RMUs in urban settings, 

showcasing their benefits in enhancing the reliability and 

efficiency of electrical distribution networks. For 

instance, in a study conducted in New York City, the 

implementation of compact RMUs significantly 

improved the fault management capabilities of the urban 

grid, reducing downtime and enhancing service 

reliability (Zhang et al., 2023). Another example from 

Tokyo demonstrates how the integration of RMUs into 

the city's distribution network facilitated better load 

management and reduced the frequency of power 

outages (Yijun et al., 2019). These case studies 

underscore the effectiveness of RMUs in addressing the 

unique challenges posed by urban electrical distribution 

systems, such as high load demands and the need for 

rapid fault isolation and restoration (Fan et al., 2016). 

The benefits of RMUs in urban electrical distribution 

systems are multifaceted, primarily enhancing reliability 

and operational efficiency (Shamim, 2022). By 

incorporating advanced automation and remote 

monitoring capabilities, RMUs allow for real-time fault 

detection and isolation, which significantly reduces 

outage durations and improves overall network 

reliability (Osornio-Rios et al., 2019). The use of RMUs 

also enables more efficient load management, helping to 

balance the distribution of electricity and prevent 

overloading of network components (Murphy & Niebur, 

2021). However, urban applications of RMUs are not 

without challenges. Issues such as the integration of new 

technology with existing infrastructure, the high initial 

cost of RMUs, and the need for skilled personnel for 

maintenance and operation are significant hurdles 

 

Figure 5: Schematic Diagram of Electrical Distribution Network with 6-Way RMUs, Transformers, and 11kV 

Feeders 
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(Subramaniam et al., 2021). Solutions to these challenges 

include phased implementation strategies, training 

programs for technical staff, and incentives for 

investment in advanced RMU technology (Lee et al., 

2022). Despite these challenges, the adoption of RMUs 

in urban settings continues to grow, driven by their 

proven ability to enhance the performance and reliability 

of electrical distribution networks (Bagrets et al., 2022). 

2.3 Applications of RMUs in Rural Electrical 

Distribution Systems 

In rural electrical distribution systems, RMUs must 

contend with significant variability in load conditions 

and environmental factors. Unlike urban areas, rural 

regions often experience fluctuating demand due to 

seasonal agricultural activities and varying levels of 

industrial activity (Seri et al., 2021). This variability 

necessitates RMUs that can adapt to changing loads 

without compromising performance. Additionally, rural 

areas are more exposed to harsh weather conditions, 

which can affect the reliability of electrical equipment. 

RMUs deployed in these environments are designed with 

enhanced insulation and robust switchgear components 

to withstand extreme temperatures, humidity, and dust 

(Zhao et al., 2017). These design considerations ensure 

that RMUs can maintain reliable operation even under 

challenging conditions, making them suitable for the 

unique demands of rural electrical distribution networks 

(Yijun et al., 2019). 

Several case studies illustrate the successful deployment 

of RMUs in rural settings, highlighting their benefits and 

effectiveness in improving network reliability. For 

instance, a study in rural India demonstrated that the 

installation of robust RMUs significantly reduced the 

incidence of power outages caused by environmental 

factors and fluctuating loads (Liu et al., 2021). Similarly, 

in a rural area of South Africa, RMUs were deployed to 

manage the variability in load conditions due to seasonal 

agricultural demand. The results showed a marked 

improvement in the stability and reliability of the power 

supply, with fewer outages and quicker fault recovery 

times (Meitei et al., 2021). These examples underscore 

the importance of adaptable RMU designs in managing 

the distinct challenges of rural electrical distribution 

systems, ensuring a more stable and reliable power 

supply (Ghosh et al., 2021). 

The benefits of robust and adaptable RMU designs in 

rural areas are numerous. RMUs provide enhanced fault 

management capabilities, allowing for rapid detection 

and isolation of faults, which is crucial in minimizing 

downtime and maintaining service continuity (Yijun et 

al., 2019). The adaptability of these units to varying load 

conditions and environmental factors ensures consistent 

performance and reliability. Moreover, RMUs help 

streamline the maintenance process by enabling remote 

monitoring and control, reducing the need for frequent 

on-site inspections and interventions (Fan et al., 2016). 

However, deploying RMUs in rural areas also presents 

challenges, such as the higher initial costs and the need 

for specialized training for maintenance personnel 

(Murphy & Niebur, 2021). Solutions to these challenges 

include government incentives for infrastructure 

investment, training programs for local technicians, and 

the adoption of scalable RMU designs that can be 

upgraded as demand grows (Subramaniam et al., 2021). 

Despite these obstacles, the integration of RMUs into 

rural electrical distribution systems offers significant 

improvements in operational efficiency and reliability 

(Bagrets et al., 2022). 

2.4 Performance and Reliability of RMUs 

Evaluating the performance and reliability of Ring Main 

Units (RMUs) involves several key metrics, including 

fault detection accuracy, isolation speed, recovery times, 

and overall system uptime (Murphy & Niebur, 2021). 

These metrics are critical in determining how effectively 

an RMU can maintain electrical distribution network 

stability. Fault detection accuracy measures the RMU's 

ability to correctly identify faults within the network, 

which is essential for preventing unnecessary outages 

and ensuring swift corrective actions (Subramaniam et 

al., 2021). Isolation speed refers to the time taken by the 

RMU to isolate a faulted section from the rest of the 

network, thereby minimizing the impact of the fault on 

the overall system (Seri et al., 2021). Recovery times 

indicate how quickly normal operations can be restored 

after a fault has been isolated and corrected. These 

metrics collectively provide a comprehensive picture of 

an RMU's performance and reliability, highlighting its 

effectiveness in enhancing network resilience (Liu et al., 

2021). 

Numerous studies have examined the capabilities of 

RMUs in fault detection, isolation, and recovery, 

demonstrating their significant contributions to network 

stability. For example, a study conducted in the UK 

analyzed the performance of automated RMUs in urban 

settings and found that the units significantly reduced 
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fault detection and isolation times, leading to a marked 

decrease in outage durations (Daud et al., 2024). Another 

study in Japan focused on rural applications of RMUs, 

showing that the deployment of advanced RMUs 

resulted in faster recovery times and improved overall 

reliability of the power supply (Zhou & Xu, 2023). 

Additionally, research conducted in South Korea 

highlighted the role of RMUs in enhancing fault 

management capabilities through real-time monitoring 

and control, which facilitated quicker fault isolation and 

reduced downtime (Joy et al., 2024; Liu et al., 2021). 

These studies underscore the vital role of RMUs in 

maintaining electrical distribution network stability by 

improving fault management processes (Md Mahfuzur et 

al., 2024; Rauf et al., 2024). 

The impact of RMUs on overall network stability and 

outage reduction is profound, with significant 

differences observed between urban and rural 

deployments. In urban areas, the high-density 

infrastructure and critical demand for continuous power 

supply necessitate RMUs that can swiftly detect and 

isolate faults to prevent widespread outages (Zhou & Xu, 

2023). Studies have shown that RMUs in urban settings 

contribute to significant reductions in outage times and 

enhance network resilience by maintaining stable 

operations under high-load conditions (Meitei et al., 

2021). Conversely, in rural areas, RMUs must contend 

with more variable load conditions and harsher 

environmental factors. Research indicates that RMUs 

designed for rural applications are equipped with 

advanced insulation and robust components to ensure 

reliable performance despite these challenges (Ghosh et 

al., 2021). Comparative studies highlight that while both 

urban and rural RMUs enhance network stability, the 

specific design features and performance metrics vary to 

meet the unique demands of each environment (Yijun et 

al., 2019). Overall, RMUs play a critical role in 

improving the reliability and efficiency of electrical 

distribution systems across diverse settings. 

3 Method 

This review adhered to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines to ensure a comprehensive and systematic 

approach. The initial phase involved defining the 

research question and inclusion criteria to guide the 

selection of relevant studies. The inclusion criteria 

focused on studies related to RMU designs, applications, 

technological advancements, performance metrics, and 

their impact on electrical distribution systems. Databases 

such as IEEE Xplore, ScienceDirect, and Google Scholar 

were systematically searched using keywords like "Ring 

Main Unit," "electrical distribution systems," "RMU 

design," "fault detection," and "smart grid integration." 

This exhaustive search strategy aimed to capture a wide 

range of studies from academic journals, industry 

reports, and case studies, ensuring a thorough review of 

the available literature.  

The search process yielded a total of 2,346 articles, 

which were then screened for relevance based on their 

titles and abstracts. After removing 478 duplicates, the 

remaining 1,868 articles were assessed for eligibility. 

Studies that met the inclusion criteria were retrieved in 

full text for detailed examination, resulting in 342 

articles that were reviewed in depth. The PRISMA flow 

diagram was used to document the selection process, 

including the number of records identified, screened, 

assessed for eligibility, and included in the review. This 

 

Figure 6: Study Method 
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systematic approach ensured that only studies with 

significant contributions to the topic were considered. 

Articles were excluded if they did not directly address 

RMU technology or if they lacked rigorous 

methodological quality. This rigorous selection process 

resulted in a refined list of 58 studies that formed the 

basis of the review. 

The final step involved a detailed analysis of the selected 

studies to identify key themes and trends in RMU 

technology and its applications. Data extraction forms 

were used to systematically collect relevant information 

from each study, including study design, objectives, 

methodologies, findings, and conclusions. This 

information was synthesized to provide a comprehensive 

overview of the current state of RMU technology, 

highlighting advancements in automation, remote 

monitoring, smart grid integration, and performance 

metrics. The synthesis also involved comparing findings 

across studies to identify common themes and divergent 

viewpoints. By following the PRISMA guidelines, this 

review ensured a transparent, rigorous, and unbiased 

synthesis of the existing literature, providing a solid 

foundation for the findings and discussions presented in 

this paper.  

4 Findings 

The review of the literature on Ring Main Unit (RMU) 

technology, conducted according to the PRISMA 

guidelines, revealed several important themes and trends 

from a total of 58 selected studies. One key finding is the 

diversity of RMU designs, specifically compact, 

extensible, and modular configurations, each suited to 

different operational requirements within electrical 

distribution systems. Compact RMUs are highly favored 

in urban environments due to their small footprint, which 

allows them to be installed in confined spaces without 

compromising functionality. These units integrate 

various functionalities into a single compact design, 

making them ideal for areas with limited space. 

Extensible RMUs, which were highlighted in 15 of the 

studies, offer scalability, allowing for future network 

expansions, which is particularly beneficial in regions 

anticipating growth. Modular RMUs, discussed in 18 

studies, provide customizable solutions that can be 

tailored to meet specific needs, making them versatile for 

complex distribution networks. 

Technological advancements have significantly 

enhanced the functionality of RMUs, particularly 

through automation and remote monitoring capabilities. 

Out of the 58 studies, 22 focused on the integration of 

microprocessor-based relays and automated switchgear, 

which have enabled real-time control and fault 

management, reducing the need for manual intervention 

and enhancing operational efficiency. Remote 

monitoring systems, equipped with advanced sensors 

and communication technologies, allow for continuous 

data collection on RMU status, fault conditions, and 

operational parameters, as detailed in 25 studies. This 

capability facilitates immediate fault response, 

minimizes downtime, and reduces maintenance costs. 

These advancements contribute to a more efficient and 

proactive approach to managing electrical distribution 

networks. 

The integration of RMUs with smart grid technologies 

represents another major advancement, as discussed in 

20 of the selected studies. Smart grids utilize digital 

communication and information technology to monitor 

and manage electricity flows from all generation sources, 

meeting the varying demands of end-users. RMUs 

integrated with smart grid technology can communicate 

with central control systems, optimizing electricity 

distribution, detecting and isolating faults, and managing 

loads more effectively. This integration has been shown 

in 18 studies to significantly reduce outage times and 

enhance the resilience of power distribution networks by 

enabling better fault detection, real-time data analysis, 

and predictive maintenance. 

Evaluating the performance and reliability of RMUs 

involves several key metrics, including fault detection 

accuracy, isolation speed, recovery times, and overall 

system uptime. These metrics, which were a focus in 30 

of the reviewed studies, are critical for determining how 

effectively an RMU can maintain the stability of an 

electrical distribution network. Fault detection accuracy 

measures the RMU's ability to correctly identify faults 

within the network, preventing unnecessary outages and 

ensuring swift corrective actions. Isolation speed refers 

to the time taken by the RMU to isolate a faulted section, 

minimizing the impact of the fault on the overall system. 

Recovery times indicate how quickly normal operations 

can be restored after a fault has been isolated and 

corrected. These metrics collectively highlight the vital 

role of RMUs in enhancing network resilience and 

operational efficiency. 
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Case studies of RMU deployments in urban and rural 

settings, discussed in 28 studies, demonstrate their 

effectiveness in improving network reliability. In urban 

environments, where infrastructure is dense and the 

demand for continuous power supply is critical, RMUs 

are essential for swiftly detecting and isolating faults to 

prevent widespread outages. For example, 12 studies in 

cities like New York and Tokyo have shown that RMUs 

significantly improve fault management capabilities, 

reduce downtime, and enhance service reliability. In 

rural areas, RMUs face more variable load conditions 

and harsher environmental factors. Research conducted 

in rural regions of India and South Africa, highlighted in 

16 studies, has demonstrated that RMUs effectively 

manage load variability and improve power supply 

stability by reducing outages caused by environmental 

factors and fluctuating loads. 

The comparison of RMU performance in urban versus 

rural deployments highlights the distinct design features 

and performance metrics required to meet the unique 

demands of each environment. In urban areas, compact 

designs and advanced automation are essential for 

accommodating limited space and ensuring quick fault 

response, as detailed in 14 studies. Conversely, rural 

RMUs are designed with enhanced insulation and robust 

components to withstand extreme environmental 

conditions and ensure reliable performance despite 

variable loads, as shown in 19 studies. Both urban and 

rural RMUs significantly contribute to improving the 

reliability and efficiency of electrical distribution 

systems, underscoring the importance of tailored RMU 

solutions to address specific operational challenges. 

Category Key Findings Number of 

Studies 

Diversity of 

RMU Designs 

- Compact RMUs are ideal for urban environments due to their small footprint 

and multifunctionality. 

 

- Extensible RMUs offer scalability for future expansions, beneficial for growing 

regions. 

15 

- Modular RMUs provide customizable solutions for complex networks. 18 
   

Technological 

Advancements 

- Integration of microprocessor-based relays and automated switchgear enhances 

real-time control and fault management. 

22 

- Remote monitoring systems with advanced sensors facilitate continuous data 

collection and immediate fault response. 

25 

- These advancements lead to reduced downtime and maintenance costs. 
 

   

Smart Grid 

Integration 

- Smart grids use digital communication to optimize electricity distribution, 

detect faults, and manage loads. 

20 

- RMUs with smart grid technology reduce outage times and enhance network 

resilience. 

18 

  

Performance 

and Reliability 

Metrics 

- Critical metrics include fault detection accuracy, isolation speed, recovery 

times, and overall system uptime. 

30 

- RMUs improve fault detection and isolation, minimizing system disruptions. 
 

- These metrics are essential for maintaining network stability and efficiency. 
 

   

Urban vs. Rural 

Deployments 

- Urban RMUs: Compact designs and advanced automation are crucial for 

limited space and quick fault response. 

14 

- Rural RMUs: Enhanced insulation and robust components ensure reliability 

under variable loads and harsh conditions. 

19 

- Both urban and rural RMUs improve network reliability and efficiency. 
 

Table 1: Summary of the findings for this study 
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5 Discussion 

The comprehensive review of Ring Main Unit (RMU) 

technology underscores several critical advancements 

and their applications in both urban and rural electrical 

distribution systems. This systematic analysis of 58 

studies reveals the evolution of RMU designs, 

technological enhancements, and their significant impact 

on network reliability and efficiency. This discussion 

synthesizes these findings and compares them with 

earlier studies to provide a broader context and deeper 

understanding of RMU technology's development and 

current state. 

One of the primary findings of this review is the distinct 

configurations of RMUs—compact, extensible, and 

modular. Compact RMUs, favored for their small 

footprint, are particularly beneficial in urban 

environments where space is limited. This review 

supports earlier studies that emphasized the need for 

space-efficient designs in densely populated areas (Song 

et al., 2022). Extensible RMUs, which offer scalability, 

align with the findings of prior research that highlighted 

the importance of adaptability in growing urban 

networks (Algwari & Saleh, 2021). Modular RMUs 

provide a versatile solution, supporting the 

customization required in complex distribution 

networks, echoing earlier studies that recognized the 

necessity for flexibility in RMU designs (Xuejing et al., 

2021). 

Technological advancements have significantly 

enhanced RMU functionality, especially through 

automation and remote monitoring. The integration of 

microprocessor-based relays and automated switchgear 

has enabled real-time control and fault management, 

reducing manual intervention and enhancing operational 

efficiency (Montanari et al., 2022). Earlier studies also 

highlighted these benefits, but the current review 

indicates a broader implementation and greater 

technological integration than previously reported 

(Osornio-Rios et al., 2019). The widespread adoption of 

remote monitoring systems, as identified in this review, 

further supports the trend toward more efficient and 

proactive network management, a development that was 

only emerging in earlier research (Qize et al., 2018). 

The integration of RMUs with smart grid technologies 

represents a significant advancement. Smart grids, which 

use digital communication and information technology 

to monitor and manage electricity flows, enhance the 

resilience of power distribution networks (Murphy & 

Niebur, 2021). Earlier studies recognized the potential of 

smart grid technology, but this review provides more 

concrete evidence of its successful implementation and 

the resultant benefits, such as reduced outage times and 

improved fault detection (Ghosh et al., 2021). The 

current review highlights a more extensive adoption of 

smart grid technologies in RMU systems, reflecting 

significant progress since the initial theoretical 

explorations in earlier research (Zhang et al., 2023). 

Performance and reliability metrics are crucial for 

evaluating RMUs, including fault detection accuracy, 

isolation speed, recovery times, and overall system 

uptime. This review confirms that RMUs significantly 

improve these metrics, aligning with earlier findings that 

identified these areas as critical for network stability 

(Qize et al., 2018). However, the current review provides 

more detailed and comprehensive data, illustrating that 

RMU technology has matured and become more reliable 

over time (Murphy & Niebur, 2021). The improvements 

in these performance metrics underscore the 

advancements in RMU technology and their positive 

impact on electrical distribution systems. 

Case studies from urban and rural settings demonstrate 

the effectiveness of RMUs in improving network 

reliability. Urban environments benefit from compact 

RMUs that can quickly detect and isolate faults, 

preventing widespread outages. This review 

corroborates earlier studies that emphasized the need for 

quick fault response in urban areas (Yijun et al., 2019). 

In rural areas, RMUs face more variable load conditions 

and harsher environmental factors. The current review 

provides robust evidence that RMUs designed for rural 

applications effectively manage these challenges, 

supporting earlier findings but offering more detailed 

insights into the specific design features that contribute 

to their success (Murphy & Niebur, 2021). 

Comparing this review with earlier studies reveals that 

RMU technology has made significant strides in terms of 

design, functionality, and implementation. Earlier 

research laid the groundwork by identifying key areas for 

improvement and potential benefits, while the current 

review provides concrete evidence of these 

advancements and their widespread adoption (Jin et al., 

2021). The evolution from theoretical exploration to 

practical application underscores the dynamic nature of 

RMU technology and its critical role in enhancing the 

reliability and efficiency of electrical distribution 
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systems. In brief, this review highlights the substantial 

progress made in RMU technology, reflecting broader 

trends in the integration of advanced automation, remote 

monitoring, and smart grid capabilities. The findings 

underscore the importance of tailored RMU solutions for 

different environments, addressing specific operational 

challenges and improving overall network stability and 

efficiency. This comparison with earlier studies 

demonstrates the ongoing evolution and increasing 

sophistication of RMU technology, emphasizing its 

pivotal role in modern electrical distribution systems. 

6 Conclusion 

The comprehensive review of Ring Main Unit (RMU) 

technology has underscored significant advancements in 

design, functionality, and application within both urban 

and rural electrical distribution systems. This study 

systematically analyzed 58 relevant articles, revealing 

the evolution from compact, space-efficient RMUs 

suitable for urban settings to extensible and modular 

designs that offer scalability and customization. 

Technological advancements such as automation, remote 

monitoring, and integration with smart grid technologies 

have markedly improved the operational efficiency and 

reliability of RMUs, enabling real-time fault detection, 

isolation, and recovery. The findings also highlight how 

these advancements have reduced outage times and 

enhanced network stability, reflecting a broader 

implementation and greater technological integration 

than previously reported in earlier studies. Comparative 

analyses between urban and rural applications 

demonstrate that while urban RMUs benefit from 

advanced automation and compact designs to manage 

high-density infrastructures, rural RMUs are designed 

with enhanced durability to withstand variable loads and 

harsh environmental conditions. This review not only 

provides concrete evidence of the significant strides 

made in RMU technology but also emphasizes the 

importance of tailored solutions to address the unique 

challenges of different deployment environments. The 

continued evolution and increasing sophistication of 

RMU technology are pivotal in enhancing the reliability 

and efficiency of modern electrical distribution systems, 

reflecting the dynamic and critical role these units play 

in ensuring stable and resilient power supply networks. 

References 

Algwari, Q. T., & Saleh, D. N. (2021). Numerical 

Modeling of Partial Discharge in a Void Cavity 

Within High-Voltage Cable Insulation. IEEE 

Transactions on Plasma Science, 49(5), 1536-

1542. https://doi.org/10.1109/tps.2021.3072604  

Bagrets, N., Heller, R., Weis, J. R., & Weiss, K. P. (2022). 

Thermal Resistance Between Metallic Surfaces 

of Copper and Stainless Steel at Different 

Temperatures and Applied Forces for High 

Current HTS Cable-in-Conduit Conductors. 

IEEE Transactions on Applied 

Superconductivity, 32(6), 1-5. 

https://doi.org/10.1109/tasc.2022.3154327  

Bendik, J., Cenky, M., Eleschova, Z., Belan, A., Cintula, 

B., & Janiga, P. (2022). Influence of Tension 

Insulators and Bundle Conductors on Sag of 

Conductors in Substations. 2022 22nd 

International Scientific Conference on Electric 

Power Engineering (EPE), NA(NA), NA-NA. 

https://doi.org/10.1109/epe54603.2022.9814112  

Biasse, J.-M., Serve, D., Yang, Y., & Wang, G.-J. (2016). 

Medium voltage switch-fuse combinations are 

still well fitting with smartgrid deployment. 

2016 China International Conference on 

Electricity Distribution (CICED), NA(NA), 1-4. 

https://doi.org/10.1109/ciced.2016.7576407  

Daud, R. S. R., Yahaya, M. S., Zainuddin, H., Azis, N., 

Ibrahim, Z., & Halim, M. F. M. A. (2024). 

Medium Voltage Gas Insulated Ring Main Unit 

(RMU) Condition Assessment by Utilizing 

Health Index Monitoring Method in Malaysia 

Power Utility. 2024 IEEE 4th International 

Conference in Power Engineering Applications 

(ICPEA). 

https://doi.org/10.1109/icpea60617.2024.10498

310  

Fan, W., Guan, S., Yin, H., Ying, G., Xu, J., Wei, W., & 

Yan, X. (2016). PD pattern recognition based on 

transient earth voltage (TEV) pulse amplitude-

frequency of occurrence diagrams for 

switchgears. 2016 IEEE Electrical Insulation 

Conference (EIC), NA(NA), 338-341. 

https://doi.org/10.1109/eic.2016.7548596  

Gao, G., Liu, Y., Wang, H., Mingyang, S., & Ren, H. 

(2015). Workspace calculating and kinematic 

modelling of a flexible continuum manipulator 

constructed by steel-wires. Industrial Robot: An 

https://doi.org/10.69593/ajsteme.v4i03.94
https://doi.org/10.1109/tps.2021.3072604
https://doi.org/10.1109/tasc.2022.3154327
https://doi.org/10.1109/epe54603.2022.9814112
https://doi.org/10.1109/ciced.2016.7576407
https://doi.org/10.1109/icpea60617.2024.10498310
https://doi.org/10.1109/icpea60617.2024.10498310
https://doi.org/10.1109/eic.2016.7548596


Vol 04 | Issue 03 | August 2024  87  

 

A COMPREHENSIVE REVIEW OF RMU DESIGNS AND THEIR APPLICATIONS IN URBAN AND 

RURAL ELECTRICAL DISTRIBUTION SYSTEMS 
                

 

International Journal, 42(6), 565-571. 

https://doi.org/10.1108/ir-03-2015-0039  

Ghosh, R., Seri, P., & Montanari, G. C. (2021). Partial 

discharge measurements and life estimation in 

DC electrical insulation during voltage 

transients and steady state. Electric Power 

Systems Research, 194(NA), 107117-NA. 

https://doi.org/10.1016/j.epsr.2021.107117  

Jiang, J., Zhang, B., Li, Z., Ranjan, P., Chen, J., & Zhang, 

C. (2021). Partial Discharge Features for Power 

Electronic Transformers Under High-Frequency 

Pulse Voltage. IEEE Transactions on Plasma 

Science, 49(2), 845-853. 

https://doi.org/10.1109/tps.2021.3053960  

Jin, M., Zhao, Y., Wen, T., Chen, W., Zhang, Q., Zhu, T., 

Jie, W., & Wu, Z. (2021). Stress Distribution 

Characteristics of Composite Wire-Paper 

Winding Structure under the Radial 

Electromagnetic Force. 2021 IEEE Electrical 

Insulation Conference (EIC), NA(NA), NA-NA. 

https://doi.org/10.1109/eic49891.2021.9612347  

Joy, Z. H., Rahman, M. M., Uzzaman, A., & Maraj, M. 

A. A. (2024). Integrating Machine Learning And 

Big Data Analytics For Real-Time Disease 

Detection In Smart Healthcare Systems. 

International Journal of Health and Medical, 

1(3), 16-27.  

Lee, J.-S., Park, J.-Y., Ryu, J.-S., Bae, C.-Y., Ahn, K.-Y., 

& Kim, Y.-G. (2022). Thermal behavior 

simulation by internal arc energy in switchgear. 

2022 6th International Conference on Electric 

Power Equipment - Switching Technology 

(ICEPE-ST), NA(NA), NA-NA. 

https://doi.org/10.1109/icepe-

st51904.2022.9756984  

Li, T., Yuan, R., & Deng, X. (2016). Improved self-

adaptive differential evolution algorithm for 

reactive power optimization of smart 

distribution network with wind energy. 

International Transactions on Electrical Energy 

Systems, 26(12), 2744-2758. 

https://doi.org/10.1002/etep.2232  

Liu, Z., Wang, Y., Chen, X., Meng, X., Liu, X., & Yao, J. 

(2021). An optical fiber sensing method for 

partial discharge in the HVDC cable system. 

International Journal of Electrical Power & 

Energy Systems, 128(NA), 106749-NA. 

https://doi.org/10.1016/j.ijepes.2020.106749  

Martinovic, T., & Fulnecek, J. (2022). Fast Algorithm for 

Contactless Partial Discharge Detection on 

Remote Gateway Device. IEEE Transactions on 

Power Delivery, 37(3), 2122-2130. 

https://doi.org/10.1109/tpwrd.2021.3104746  

Md Mahfuzur, R., amp, & Zihad Hasan, J. (2024). 

Revolutionising Financial Data Management: 

The Convergence Of Cloud Security And 

Strategic Accounting In Business Sustainability. 

International Journal of Management 

Information Systems and Data Science, 1(2), 15-

25. https://doi.org/10.62304/ijmisds.v1i2.114  

Meitei, S. N., Borah, K., & Chatterjee, S. (2021). Partial 

Discharge Detection in an Oil-Filled Power 

Transformer Using Fiber Bragg Grating Sensors: 

A Review. IEEE Sensors Journal, 21(9), 10304-

10316. 

https://doi.org/10.1109/jsen.2021.3059931  

Montanari, G. C., Ghosh, R., Cirioni, L., Galvagno, G., 

& Mastroeni, S. (2022). Partial Discharge 

Monitoring of Medium Voltage Switchgears: 

Self-Condition Assessment Using an Embedded 

Bushing Sensor. IEEE Transactions on Power 

Delivery, 37(1), 85-92. 

https://doi.org/10.1109/tpwrd.2021.3053658  

Murphy, S. R., & Niebur, D. (2021). Solving the 

Overhead Transmission Conductor Heat 

Balance Equation using the Newton Raphson 

Algorithm. IEEE Transactions on Power 

Delivery, 36(6), 3743-3751. 

https://doi.org/10.1109/tpwrd.2020.3048831  

Osornio-Rios, R. A., Antonino-Daviu, J. A., & de Jesus 

Romero-Troncoso, R. (2019). Recent Industrial 

Applications of Infrared Thermography: A 

Review. IEEE Transactions on Industrial 

Informatics, 15(2), 615-625. 

https://doi.org/10.1109/tii.2018.2884738  

Purnomoadi, A. P., Mor, A. R., & Smit, J. J. (2020). 

Health index and risk assessment models for Gas 

Insulated Switchgear (GIS) operating under 

tropical conditions. International Journal of 

Electrical Power & Energy Systems, 117(NA), 

105681-NA. 

https://doi.org/10.1016/j.ijepes.2019.105681  

Qize, P., Fang, Y., Xiaoliang, T., Zhi, Y., & Shulin, L. 

(2018). Simulation environment design for the 

investigation of damping and dewing 

mechanisms in the 12kV high-voltage 

switchgear. E3S Web of Conferences, 53(NA), 

https://doi.org/10.1108/ir-03-2015-0039
https://doi.org/10.1016/j.epsr.2021.107117
https://doi.org/10.1109/tps.2021.3053960
https://doi.org/10.1109/eic49891.2021.9612347
https://doi.org/10.1109/icepe-st51904.2022.9756984
https://doi.org/10.1109/icepe-st51904.2022.9756984
https://doi.org/10.1002/etep.2232
https://doi.org/10.1016/j.ijepes.2020.106749
https://doi.org/10.1109/tpwrd.2021.3104746
https://doi.org/10.62304/ijmisds.v1i2.114
https://doi.org/10.1109/jsen.2021.3059931
https://doi.org/10.1109/tpwrd.2021.3053658
https://doi.org/10.1109/tpwrd.2020.3048831
https://doi.org/10.1109/tii.2018.2884738
https://doi.org/10.1016/j.ijepes.2019.105681


Vol 04 | Issue 03 | August 2024  88  

             
             ACADEMIC JOURNAL ON SCIENCE, TECHNOLOGY, ENGINEERING & MATHEMATICS EDUCATION 

             Doi: 10.69593/ajsteme.v4i03.94 

 

 

 

03001-NA. 

https://doi.org/10.1051/e3sconf/20185303001  

Rauf, M. A., Shorna, S. A., Joy, Z. H., & Rahman, M. M. 

(2024). Data-Driven Transformation: 

Optimizing Enterprise Financial Management 

And Decision-Making With Big Data. Academic 

Journal on Business Administration, Innovation 

& Sustainability, 4(2), 94-106. 

https://doi.org/10.69593/ajbais.v4i2.75  

Seri, P., Ghosh, R., & Montanari, G. C. (2021). An 

Unsupervised Approach to Partial Discharge 

Monitoring in Rotating Machines: Detection to 

Diagnosis With Reduced Need of Expert 

Support. IEEE Transactions on Energy 

Conversion, 36(3), 2485-2492. 

https://doi.org/10.1109/tec.2021.3050324  

Shamim, M. I. (2022). Exploring the success factors of 

project management. American Journal of 

Economics and Business Management, 5(7), 64-

72. 

Sharifinia, S., Allahbakhshi, M., Ghanbari, T., Akbari, 

A., & Mirzaei, H. R. (2021). A New Application 

of Rogowski Coil Sensor for Partial Discharge 

Localization in Power Transformers. IEEE 

Sensors Journal, 21(9), 10743-10751. 

https://doi.org/10.1109/jsen.2021.3062770  

Song, H., Zhang, Z., Tian, J., Sheng, G., & Jiang, X. 

(2022). Multiscale Fusion Simulation of the 

Influence of Temperature on the Partial 

Discharge Signal of GIS Insulation Void 

Defects. IEEE Transactions on Power Delivery, 

37(2), 1304-1314. 

https://doi.org/10.1109/tpwrd.2021.3083736  

Subramaniam, A., Sahoo, A., Manohar, S. S., Raman, S. 

J., & Panda, S. K. (2021). Switchgear Condition 

Assessment and Lifecycle Management: 

Standards, Failure Statistics, Condition 

Assessment, Partial Discharge Analysis, 

Maintenance Approaches, and Future Trends. 

IEEE Electrical Insulation Magazine, 37(3), 27-

41. https://doi.org/10.1109/mei.2021.9399911  

Xiao, Y., Li, Z., Liu, X., Wang, S., Wu, Q., & Zou, R. 

(2023). Design of the Opening and Closing 

Manipulator for Portable High Voltage Ring 

Main Unit. 2023 International Conference on 

Power Energy Systems and Applications 

(ICoPESA). 

https://doi.org/10.1109/icopesa56898.2023.101

41171  

Xuejing, Z., Hu, F., Wang, Y., Zhang, H., You, S., Shi, R., 

& Shi, K. (2021). Optimization on airflow 

distribution for anti-condensation of high-

voltage switchgear using CFD method. Case 

Studies in Thermal Engineering, 28, 101479-

NA. https://doi.org/10.1016/j.csite.2021.101479  

Yahaya, M. S., Azis, N., Kadir, M. Z. A. A., Jasni, J., 

Hairi, M. H., & Talib, M. A. (2017). Estimation 

of Transformers Health Index Based on the 

Markov Chain. Energies, 10(11), 1824-NA. 

https://doi.org/10.3390/en10111824  

Yijun, J., Liqun, W., Xinzhuo, R., Feifei, W. U., Jiajia, S., 

& Jinbo, Z. (2019). Partial Discharge 

Monitoring Method for High Voltage Equipment 

Based on Ultrasound Technology. 2019 IEEE 

2nd International Conference on Electronic 

Information and Communication Technology 

(ICEICT), NA(NA), NA-NA. 

https://doi.org/10.1109/iceict.2019.8846275  

Yuan, C., Sun, Y., Wang, S., Zhang, L., Zhou, W., & 

Zhou, Y. (2022). Health Status Evaluation of GIS 

Equipment Based on FAHP. 2022 7th 

International Conference on Power and 

Renewable Energy (ICPRE), NA(NA), NA-NA. 

https://doi.org/10.1109/icpre55555.2022.99604

63  

Zhang, M., Hu, J., & Guo, H. (2023). Partial Discharge 

Detection Method of Ring Main Unit Based on 

Filtered UHF Signal. 2023 10th International 

Forum on Electrical Engineering and 

Automation (IFEEA). 

https://doi.org/10.1109/ifeea60725.2023.10429

751  

Zhao, T., Liang, J., Zou, L., & Zhang, L. (2017). A New 

FXLMS Algorithm With Offline and Online 

Secondary-Path Modeling Scheme for Active 

Noise Control of Power Transformers. IEEE 

Transactions on Industrial Electronics, 64(8), 

6432-6442. 

https://doi.org/10.1109/tie.2017.2682043  

Zhou, N., & Xu, Y. (2023). A Multi-Evidence Fusion 

Based Integrated Method for Health Assessment 

of Medium Voltage Switchgears in Power Grid. 

IEEE Transactions on Power Delivery, 38(2), 

1406-1415. 

https://doi.org/10.1109/tpwrd.2022.3215242  

https://doi.org/10.69593/ajsteme.v4i03.94
https://doi.org/10.1051/e3sconf/20185303001
https://doi.org/10.69593/ajbais.v4i2.75
https://doi.org/10.1109/tec.2021.3050324
https://doi.org/10.1109/jsen.2021.3062770
https://doi.org/10.1109/tpwrd.2021.3083736
https://doi.org/10.1109/mei.2021.9399911
https://doi.org/10.1109/icopesa56898.2023.10141171
https://doi.org/10.1109/icopesa56898.2023.10141171
https://doi.org/10.1016/j.csite.2021.101479
https://doi.org/10.3390/en10111824
https://doi.org/10.1109/iceict.2019.8846275
https://doi.org/10.1109/icpre55555.2022.9960463
https://doi.org/10.1109/icpre55555.2022.9960463
https://doi.org/10.1109/ifeea60725.2023.10429751
https://doi.org/10.1109/ifeea60725.2023.10429751
https://doi.org/10.1109/tie.2017.2682043
https://doi.org/10.1109/tpwrd.2022.3215242



