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Abstract: 

In the rapidly evolving landscape of technology and environmental 

conditions, the need for systems capable of self-adaptation and 

reconfiguration has become paramount. Such systems offer unparalleled 

flexibility, enabling dynamic responses to changing operational demands and 

environmental factors. This work embarks on a comprehensive review of 

existing methodologies employed in the design and implementation of self-

adaptive reconfigurable systems used for Field Programmable Gate Arrays 

(FPGAs) and other networked systems, marking a significant stride toward 

understanding their efficacy and applicability across diverse scenarios. 

Notable among these methodologies are Evolutionary Algorithms, Machine 

Learning-based Adaptation, Agent-Based Modeling, and Context-aware 

Reconfiguration, each presenting unique advantages and limitations in terms 

of scalability, adaptability, and computational efficiency. The review process 

undertaken in this study is methodical and rigorous, encompassing a broad 

spectrum of application domains, including but not limited to, robotics, 

wireless sensor networks, and cloud computing infrastructures & scenarios. 

Through a meticulous comparison based on various evaluation metrics—such 

as system responsiveness, resource efficiency, and adaptability to 

environmental changes—this research identifies optimal methods tailored to 

specific operational scenarios. Moreover, the study introduces a novel 

framework for categorizing these methodologies based on their adaptability 

characteristics, providing a structured approach to selecting suitable 

techniques for given application needs. The impacts of this work are manifold. 

Firstly, it offers a foundational understanding of the current state of the art, 

facilitating advancements in the field of self-adaptive systems. Secondly, by 

highlighting the strengths and weaknesses of existing methodologies, it paves 

the way for the development of more robust, efficient, and adaptable 

reconfigurable systems. Lastly, the proposed categorization framework serves 

as a valuable tool for researchers and practitioners alike, guiding the selection 

of appropriate design methodologies for systems operating in dynamic 

environments. This comprehensive review thus stands as a critical resource 

for the ongoing evolution of self-adaptive reconfigurable systems, 

contributing significantly to their theoretical understanding and practical 

application in the face of changing environmental and operational conditions. 

Keywords: Self-Adaptive Systems, Reconfigurable Systems, Evolutionary 

Algorithms, Machine Learning, Context-aware Computing 
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1. Introduction 

The advent of self-adaptive reconfigurable systems marks a pivotal evolution in the realm of computational and 

engineering design, addressing the ever-growing demand for technologies that can autonomously adapt to 

changing environments and operational conditions. These systems, characterized by their ability to modify their 

configuration and behavior in response to external stimuli, are becoming increasingly critical in a wide range of 

applications—from autonomous robotics and wearable technology to complex, distributed computing 

environments such as cloud computing and Internet of Things (IoT) infrastructures. The intrinsic capacity of such 

systems to dynamically reconfigure themselves not only enhances operational efficiency and resilience but also 

extends the applicability of technologies in unpredictable and evolving scenarios. 

This paper presents an exhaustive review of the methodologies underlying the design and implementation of self-

adaptive reconfigurable systems. Distinct methodologies, including Evolutionary Algorithms, Machine Learning 

techniques, Agent-based Modeling, and Context-aware Reconfiguration, are scrutinized for their contributions 

towards achieving adaptability and reconfigurability. These methods, each with their unique approach to enabling 

self-adaptation and reconfiguration, are evaluated against a set of metrics that include, but are not limited to, 

adaptability, computational overhead, scalability, and efficiency in resource utilization. 

The introduction of these systems necessitates a discussion on the theoretical frameworks that underpin their 

operation, highlighting the importance of self-awareness, context sensing, decision-making algorithms, and 

adaptive learning in facilitating autonomous reconfiguration. Furthermore, the paper delves into the challenges 

associated with designing these systems, such as ensuring robustness against environmental uncertainties, 

minimizing energy consumption, and optimizing performance metrics. 

In addressing these challenges, the paper proposes a comprehensive review process that systematically compares 

and contrasts the various methodologies employed in the field. This process not only sheds light on the current 

state of the art but also identifies gaps in the literature where future research could contribute significantly. By 

mapping out the strengths and limitations of each methodology in relation to specific application requirements, 

the review provides a nuanced understanding of how best to leverage these technologies in real-world scenarios. 

The implications of this work are far-reaching, offering a foundational pillar upon which future research and 

development efforts can build. By providing a structured framework for evaluating and selecting appropriate 

design methodologies, this research aids in the advancement of self-adaptive reconfigurable systems, ensuring 

their continued relevance and efficacy in the face of technological and environmental change. 

Motivation & Contribution: 

The relentless evolution of technological landscapes, coupled with the increasing complexity and unpredictability 

of operational environments, underscores the imperative for systems that are not merely reactive but inherently 

adaptive and reconfigurable. Such systems must possess the capability to autonomously adjust their functionality 

and structure in response to environmental changes and evolving operational demands. This necessity has 

catalyzed significant research interest in self-adaptive reconfigurable systems (SARS), a domain that integrates 

principles from artificial intelligence, control theory, and software engineering to forge solutions capable of 

sustaining performance and reliability under dynamic conditions. 

Motivation 

The motivation behind this scholarly inquiry lies in the observation that while numerous methodologies have been 

proposed and developed to enhance the adaptability and reconfigurability of systems, a comprehensive 

understanding of these methodologies' comparative effectiveness and applicability across different scenarios 

remains elusive. Traditional systems, designed for static operational conditions, falter in the face of variability, 

leading to degraded performance or even total system failure. SARS, by contrast, promise enhanced resilience, 
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efficiency, and longevity, adapting their behavior and configuration to maintain optimal operation. However, the 

diversity of approaches—from machine learning models that predict and respond to changes, to evolutionary 

algorithms that evolve system configurations over time—presents a complex landscape for researchers and 

practitioners to navigate. 

Contribution 

This work contributes to the field of SARS in several pivotal ways. First, it provides a detailed review of the state-

of-the-art methodologies employed in the design and development of self-adaptive reconfigurable systems, 

encompassing evolutionary computation, context-aware systems, Agent-Based models, and machine learning 

techniques. Each methodology is scrutinized for its adaptability, scalability, and efficiency, offering a nuanced 

understanding of its potential and limitations. 

Second, the paper introduces a novel comparative framework that evaluates these methodologies across a range 

of metrics, including adaptability to environmental changes, computational resource efficiency, and the ability to 

meet diverse operational demands. This framework not only facilitates a systematic comparison of existing 

approaches but also assists in identifying the most suitable methods for specific application contexts. 

Third, by synthesizing insights from the comparative analysis, the research delineates best practices and guiding 

principles for the design of SARS, tailored to different scenarios and application needs. This guidance is 

instrumental for practitioners seeking to deploy adaptive systems in real-world settings, ensuring that design 

choices are informed by a comprehensive understanding of the available methodologies and their relative merits. 

Lastly, the study’s findings illuminate pathways for future research, highlighting under-explored areas within the 

domain of self-adaptive reconfigurable systems and proposing directions for innovative development. The paper 

thus serves as both a critical assessment of the current landscape and a beacon guiding future endeavors in the 

pursuit of more resilient, efficient, and adaptable technological systems. 

In sum, this work not only enriches the academic discourse on self-adaptive reconfigurable systems but also 

provides practical insights and tools to advance the design and implementation of such systems in an array of 

application domains. Its contributions are poised to influence both theoretical exploration and practical 

application, steering the evolution of adaptable technologies in an increasingly dynamic world. 

1. Review of Existing Models  

A wide variety of models are proposed by researchers for dynamic reconfiguration of Field Programmable Gate 

Array (FPGA) & other Network Based systems. In recent years, significant research efforts have been dedicated 

to enhancing the performance and efficiency of various systems through reconfiguration methodologies. This 

literature review delves into several key works that explore the application of reconfiguration techniques across 

different domains, including photovoltaic (PV) systems, distribution networks, neural networks, and electric 

power systems. 

Starting with the optimization of solar photovoltaic (SPV) arrays, [1] presents a novel static PV array 

reconfiguration method termed the novel shade distribution (NSD) to address shading-induced power decrease. 

The study evaluates the NSD method against conventional approaches, demonstrating its efficacy in mitigating 

partial shading effects and enhancing power generation. Similarly, [10] proposes a dynamic reconfiguration 

algorithm for PV arrays under partial shading conditions, achieving improved energy conversion rates through L-

shaped propagated array configurations. 

In the realm of distribution networks, [2] provides a comprehensive review of reconfiguration methodologies, 

categorizing them into classical, heuristic, metaheuristic, hybrid, and machine learning-based methods. The paper 

emphasizes the significance of reconfiguration in optimizing network indices and addresses both static and 



Advances in Nonlinear Variational Inequalities 

ISSN: 1092-910X 

Vol 28 No. 7s (2025) 

 

825 
https://internationalpubls.com 

dynamic reconfiguration strategies. Furthermore, [4] introduces a scenario-based convex programming model for 

enhancing reconfiguration capabilities in distribution networks, resulting in cost reduction and improved 

restoration capacity. 

The application of reconfiguration extends to neural networks and hardware systems, as demonstrated by [3] and 

[6]. [3] proposes an energy-efficient precision-scaled CNN architecture implemented on FPGA using dynamic 

partial reconfiguration to adapt to varying power budgets without sacrificing accuracy. Meanwhile, [6] presents a 

power-aware SVM training system with hardware implementation, showcasing significant power consumption 

reductions through dynamic reconfiguration techniques. 

Moreover, as per table 1, reconfiguration plays a crucial role in addressing operational challenges in electric power 

systems, as highlighted by [8], [11], and [15]. [8] proposes a two-stage robust network reconfiguration model to 

maximize power supply under uncertain failures, employing a column & constraint generation algorithm for 

decision-making. [11] focuses on dynamic network reconfiguration and capacitor placement to mitigate voltage 

violations in distribution systems, offering solutions to maintain standard voltage profiles amidst DG integration 

process. Additionally, [15] introduces an active distribution network reconfiguration strategy to optimize total 

supply capacity, considering uncertain factors such as renewable energy outputs and prosumer loads. 

Reference Method Used Findings Results Limitations 

[1] Novel shade 

distribution (NSD) 

method 

Reconfiguration of 

PV array under 

partial shading 

conditions to 

mitigate power 

decrease and 

enhance power 

generation. 

Compared NSD 

method with 

conventional 

methods under 

various shading 

conditions. 

Evaluation limited to 

MATLAB/Simulink and 

hardware 

experimentation. 

[2] Classification of 

reconfiguration 

methodologies 

Provides a 

comprehensive 

review of recent 

literature on network 

reconfiguration, 

categorizing 

methods into five 

groups, and 

discussing their 

applications. 

Discusses the 

suitability of 

different 

reconfiguration 

methods based on 

network equipment 

and objectives. 

Focuses on 

categorization and 

comparison, may lack in-

depth analysis of 

individual 

methodologies. 

[3] Energy-efficient 

precision-scaled 

CNN (EEPS-

CNN) 

Proposes an 

architecture for 

CNNs with dynamic 

partial 

reconfiguration to 

reduce power 

consumption while 

maintaining 

Achieved 

significant 

reductions in energy 

consumption with 

minor accuracy 

trade-offs compared 

to floating-point 

architectures. 

Evaluation limited to 

three datasets and FPGA 

implementation, may not 

generalize to all CNN 

applications. 
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acceptable accuracy 

levels. 

[4] Convex 

programming 

model 

Studies the optimal 

installation of 

reserve branches in 

distribution 

networks to 

minimize operation 

costs and energy not 

supplied during 

interruptions. 

Demonstrates cost 

reductions in energy 

production and 

energy not supplied 

under normal and 

post-fault 

conditions. 

Focuses on optimization 

model and results, may 

not consider practical 

implementation 

challenges. 

[5] Multi-agent and 

ant colony 

optimization 

(MAACO) 

Proposes an 

optimization method 

for network 

reconfiguration in 

ship integrated 

power systems to 

ensure safety and 

stable operation. 

Simulations show 

accurate and 

efficient 

reconstruction of 

integrated power 

system network. 

Limited discussion on 

practical implementation 

challenges and scalability 

to larger systems. 

[6] Hardware 

implementation 

with SVM 

Implements a power-

aware SVM system 

for neural seizure 

detection, achieving 

high sensitivity and 

low power 

consumption on 

FPGA and ASIC 

platforms. 

Achieved 

significant power 

consumption 

reduction with 

minor accuracy 

degradation on 

ASIC and FPGA 

platforms. 

Evaluation limited to 

seizure detection 

application, may not 

generalize to other SVM 

applications or platforms. 

[7] Robust model for 

distribution system 

reconfiguration 

Presents a robust 

model considering 

load uncertainty for 

network 

reconfiguration in 

distribution systems, 

demonstrating high 

efficiency and 

robustness. 

Analysis shows 

efficiency and 

robustness of the 

model under 

demand uncertainty. 

Model simplicity may 

sacrifice certain aspects 

of accuracy or 

optimization efficiency. 

[8] Two-stage robust 

network 

reconfiguration 

model 

Proposes a two-stage 

model to maximize 

power supply under 

uncertain failures in 

distribution systems, 

demonstrating 

Simulation results 

validate the 

effectiveness of the 

model in 

maximizing power 

Limited discussion on 

practical implementation 

challenges and scalability 

to larger systems. 
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effectiveness 

through simulation. 

supply under worst-

case contingencies. 

[9] Mathematical 

model for loss 

minimization 

Presents an efficient 

model for loss 

minimization in 

distribution network 

reconfiguration, 

demonstrating high 

efficiency and 

effectiveness in test 

systems. 

Application of the 

model to test 

systems and real 

networks shows its 

effectiveness in 

reducing losses. 

Evaluation limited to test 

systems and real 

networks, may require 

further validation in 

diverse scenarios. 

[10] L-shaped 

propagated array 

configuration 

Proposes a new array 

configuration 

method and dynamic 

reconfiguration 

algorithm to enhance 

energy conversion in 

PV systems under 

partial shading. 

Simulations and 

hardware 

implementation 

demonstrate 

enhanced energy 

conversion 

compared to 

conventional 

methods. 

Focuses on proposed 

method's performance, 

may lack comparison 

with a wider range of 

existing methods. 

[11] Coordinated 

design with 

switchable 

capacitor banks 

Proposes a method 

for dynamic network 

reconfiguration and 

optimal capacitor 

placement to 

mitigate voltage 

violations and 

maintain a standard 

voltage profile. 

Simulation results 

show effective 

voltage profile 

maintenance 

through network 

reconfiguration and 

capacitor 

placement. 

Limited discussion on 

practical challenges of 

implementing the 

proposed method in real 

distribution networks. 

[12] Regularized neural 

network algorithm 

Introduces a 

regularized neural 

network algorithm 

for PV array 

reconfiguration to 

maximize power 

output under 

arbitrary shading 

conditions, 

demonstrating power 

improvement. 

Simulations show 

significant power 

improvement 

through array 

reconfiguration 

using the proposed 

algorithm. 

Limited discussion on 

scalability and 

integration challenges of 

the proposed algorithm in 

real PV systems. 

[13] Multi-objective 

dynamic 

Formulates a multi-

objective 

optimization model 

for dynamic 

Numerical results 

validate the 

effectiveness of the 

proposed method in 

Evaluation limited to 

numerical simulations, 

may require validation in 
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reconfiguration 

optimization 

reconfiguration of 

distribution 

networks, 

demonstrating 

effectiveness in 

maximizing total 

supply capacity. 

optimizing 

distribution network 

reconfiguration. 

practical distribution 

network scenarios. 

[14] Mixed-integer 

linear 

programming 

(MILP) model 

Presents a MILP 

model for 

simultaneous DNR 

and OPCAs in 

distribution 

networks, 

demonstrating 

globally optimal 

solutions and low 

computational effort. 

Tests on benchmark 

networks show the 

proposed model's 

ability to find 

optimal solutions 

with significant 

power loss 

reduction. 

Evaluation limited to 

benchmark networks, 

may require validation in 

real distribution network 

scenarios. 

[15] Active distribution 

network 

reconfiguration 

strategy 

Proposes an active 

reconfiguration 

strategy considering 

uncertain factors to 

improve the total 

supply capacity of 

distribution 

networks, 

demonstrating 

effectiveness 

through a calculation 

example. 

The proposed model 

optimizes the 

selection of 

switches after 

network faults, 

enhancing the 

utilization of 

distributed energy 

and reducing outage 

time. 

Limited validation 

through a calculation 

example, may require 

further testing in diverse 

scenarios and network 

sizes. 

[16] Dynamic array 

reconfiguration 

technique 

Proposes a dynamic 

array reconfiguration 

technique with boost 

converter and 

SPWM control to 

enhance PV array 

power output, 

demonstrating 

effectiveness 

through simulations 

and experiments. 

Experimental results 

show significant 

power extraction 

improvement 

compared to 

conventional 

systems, validating 

the effectiveness of 

the proposed 

technique. 

Focuses on power output 

improvement, may 

require further 

investigation into system 

scalability and practical 

implementation 

challenges. 

Table 1. Review of Machine Learning Methods used for Reconfigurations 

Partial shading (PS) conditions present a significant challenge to the efficiency of solar photovoltaic water 

pumping systems (SPWPS) [17]. PS reduces the output power of photovoltaic (PV) arrays, consequently 

diminishing the pumping output. To address this issue, the design of a smart SPWPS for total cross tied (TCT) 
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PV arrays has been proposed [17]. This innovative design incorporates irradiance, voltage, and current sensors to 

monitor real-time data. By utilizing dynamic re-configuration algorithms based on these data, the system 

optimizes PV array output power under partial shading conditions, thereby increasing water discharge. 

Efficient power extraction from PV systems is crucial, especially during partial shading conditions [18]. Various 

factors such as bypass diode configuration, array size, and configuration impact PV panel performance. Different 

array configurations including series (S), parallel (P), total-cross-tied (TCT), and others have been explored to 

mitigate these challenges [18]. However, reconfiguration remains a promising approach to overcome drawbacks 

associated with these configurations. A comprehensive review of reconfiguration schemes highlights their 

advantages and limitations, offering valuable insights for further research [18]. 

Traditional reconfiguration methods for PV arrays often overlook the nuances of partial shading [19]. New 

approaches based on exact partial shadow shapes projected onto PV arrays show promise in enhancing output 

power. By restructuring electrical connections among PV modules according to shaded cell numbers, these 

methods offer more precise reconfiguration tailored to partial shading conditions [19]. Extensive simulations 

validate the effectiveness of these approaches, demonstrating their superiority in enhancing PV output power. 

In satellite systems, constellation reconfiguration is vital for maintaining operation and performance [20]. To 

address the challenges posed by large decision spaces and high dimensionality, an adaptive innovation-driven 

multi-objective evolutionary algorithm (MOEA-AI) has been proposed [20]. By integrating domain knowledge 

into evolutionary operators, this approach explores promising regions of the trade space efficiently. Simulation 

results verify the algorithm's ability to discover high-quality solutions for emergency missions. 

Moreover, in antenna design, a novel reconfigurable antenna based on liquid metal offers versatile polarization 

and frequency tuning capabilities [21]. By controlling the pattern of slots using liquid metal, the antenna achieves 

four polarization modes and continuous frequency tuning, demonstrating its potential for various applications. 

Furthermore, network reconfiguration plays a critical role in enhancing voltage stability and minimizing power 

loss in distribution systems [22]. Optimization techniques, such as grey wolf optimization, facilitate optimal 

placement of distributed generation and network reconfiguration to improve system performance. 

In the context of unmanned aerial vehicle (UAV) networks, a distributed matching algorithm ensures efficient 

network reconfiguration following UAV damage [24]. By modeling task relationships among UAVs and 

employing a many-to-one bilateral matching market, the algorithm achieves stable matching, enhancing network 

resilience. 

The integration of renewable energy sources into power systems necessitates coordinated scheduling and network 

reconfiguration [25]. A two-stage stochastic scheduling model considers uncertainties in wind generation and 

incorporates network reconfiguration to improve system flexibility and efficiency. 

In cyber-physical systems, network delay attacks pose threats to system stability [26]. Real-time controller 

reconfiguration, including controller gain tuning and access point handover, mitigates the impact of network delay 

attacks, ensuring system resilience. 

Additionally, model-free reinforcement learning approaches offer promising solutions for distribution network 

reconfiguration [31]. By adopting techniques such as NoisyNet deep Q-learning networks, these methods optimize 

network configurations without relying on explicit network parameters, thus accelerating the training process and 

improving optimization performance. 

As per table 2, a variety of innovative approaches have been proposed to address network reconfiguration 

challenges across different domains, including energy systems, communication networks, and cyber-physical 

systems. These approaches leverage advanced optimization techniques, intelligent algorithms, and novel design 
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concepts to enhance system performance and resilience in the face of dynamic operating conditions and 

uncertainties. 

Reference Method Used Findings Results Limitations 

[17] Dynamic re-

configuration 

algorithm with 

irradiance, voltage, 

and current sensors 

for smart SPWPS 

design 

Partial shading 

severely degrades 

SPWPS efficiency by 

reducing output 

power of PV array. 

Proposed algorithm 

increases PV array 

output power 

compared to normal 

TCT connection 

under partial shading, 

enhancing SPWPS 

efficiency. 

Simulation and 

experimental studies 

validate effectiveness 

of proposed system 

under various partial 

shading conditions. 

[18] Review of various 

PV array 

reconfiguration 

schemes 

Maximum power 

extraction from PV 

systems is critical 

during partial shading 

conditions. 

Study highlights 

advantages and 

limitations of 

different PV array 

reconfiguration 

schemes, aiding 

selection of 

promising techniques 

for further research. 

Lack of specific 

experimental data on 

effectiveness of each 

reconfiguration 

scheme. 

[19] Proposed SCN-

based 

reconfiguration 

method for PV array 

under partial 

shadows 

Traditional 

reconfiguration 

methods do not 

accurately account for 

partial shading, 

leading to suboptimal 

results. 

SCN-based 

reconfiguration 

method improves PV 

output power by 

restructuring 

electrical connection 

based on shaded cells' 

number of each 

module. 

Extensive cell-based 

simulations verify 

effectiveness of 

proposed method, but 

real-world 

implementation 

challenges may arise. 

[20] MOEA-AI 

framework for 

constellation 

reconfiguration in 

satellite systems 

Constellation 

reconfiguration faces 

challenges due to high 

dimensionality of 

design variables. 

MOEA-AI 

framework integrates 

domain knowledge 

into evolutionary 

algorithms for better 

exploration of trade 

space. 

Simulation results 

demonstrate efficacy 

of proposed 

algorithm, but real-

world 

implementation may 

face complexity in 

large constellation 

systems. 

[21] Reconfigurable 

antenna design 

based on liquid 

metal for multiple 

Novel antenna design 

achieves four 

polarizations and 

Liquid metal-based 

antenna successfully 

operates under 

different polarization 

Practical 

implementation may 

face challenges in 

controlling liquid 
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polarizations and 

tunable frequency 

continuous frequency 

tuning. 

modes and tunable 

frequency range. 

metal patterns 

accurately for desired 

antenna 

performance. 

[22] Multi-objective 

optimization 

approach for voltage 

stability 

enhancement and 

power loss 

minimization in 

radial distribution 

networks 

Proposed approach 

optimizes distributed 

generation placement, 

network 

reconfiguration, and 

voltage control for 

improved system 

performance. 

Optimization 

technique enhances 

voltage stability 

margin and reduces 

network losses in 

radial distribution 

systems. 

Real-world 

implementation may 

require consideration 

of additional factors 

not captured in 

simulation studies. 

[23] Modified Sudoku 

reconfiguration 

pattern for T-C-T 

connected PV arrays 

Distribution of 

shading improves 

maximum power 

generation from T-C-

T connected PV 

arrays. 

Modified Sudoku 

reconfiguration 

pattern enhances 

global maximum 

power under various 

shading conditions. 

Theoretical analysis 

and simulations 

provide insights, but 

real-world validation 

is necessary. 

[24] Distributed 

matching algorithm 

for UAV network 

reconfiguration in 

complex 

environments 

Proposal addresses 

network 

reconfiguration in 

UAV swarms after 

master UAV failures. 

Distributed matching 

algorithm ensures 

efficient task 

completion and 

network stability in 

complex UAV 

environments. 

Real-world 

implementation may 

face challenges in 

scalability and 

coordination among 

UAVs. 

[25] Two-stage 

stochastic 

coordinated 

scheduling of 

integrated gas-

electric distribution 

systems with 

network 

reconfiguration 

Proposed model 

minimizes system 

operation cost while 

ensuring security 

considering 

uncertainties of wind 

generation. 

Integration of P2G 

and network 

reconfiguration 

improves system 

flexibility and 

accommodates wind 

generation. 

Real-world 

deployment may 

require consideration 

of additional factors 

not captured in 

simulations. 

[26] Real-time controller 

reconfiguration for 

CPS resilience 

against network 

delay attacks 

Controller 

reconfiguration 

mitigates physical 

impacts of network 

delay attacks on CPS. 

Proposed algorithms 

ensure CPS stability 

under network delay 

attacks through 

controller gain tuning 

and AP handover. 

Real-world 

deployment may face 

challenges in 

adapting to dynamic 

network conditions. 
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[27] Network control 

method for rapid 

construction of 

mobile edge 

computing networks 

Proposal simplifies 

optical path 

construction in end-

to-end sections of 

mobile edge 

computing networks. 

Network control 

method facilitates 

rapid construction of 

RAN, CN, and 

physical/logical 

networks for on-

demand MEC 

service. 

Real-world 

implementation may 

require compatibility 

with existing 

network protocols 

and infrastructure. 

[28] Coordinated day-

ahead scheduling 

method for active 

distribution 

networks 

Proposed method 

optimizes network 

topology, BES 

optimization, and load 

response for total 

operational cost 

minimization. 

Method improves 

system security and 

economic level 

through coordinated 

operation of ADN 

components. 

Real-world 

deployment may 

require integration 

with existing energy 

management systems 

and regulatory 

frameworks. 

[29] Review of 

distribution system 

reconfiguration 

literature 

Provides 

comprehensive 

review and 

classification of DSR 

works, highlighting 

various solution 

methods and case 

studies. 

Framework aids 

researchers in 

understanding and 

improving existing 

DSR formulations 

and methods. 

Real-world 

applicability may 

vary depending on 

specific distribution 

system 

characteristics and 

operational 

constraints. 

[30] Enhanced Marine 

Predators Algorithm 

for simultaneous 

DSR and DGs 

addition 

EMPA optimizes 

DSR and DGs 

addition for power 

loss reduction and 

voltage stability 

improvement. 

EMPA achieves 

significant reductions 

in power losses and 

voltage improvement 

across different 

loading conditions 

and system sizes. 

Real-world 

applicability may 

depend on scalability 

and adaptability of 

EMPA to diverse 

distribution network 

scenarios. 

[31] Model-free RL 

approach for 

distribution network 

reconfiguration 

RL approach based on 

NoisyNet DQN 

accelerates training 

process and improves 

optimization 

performance of DNR. 

Proposed method 

achieves effective 

distribution network 

reconfiguration 

without explicit 

network parameter 

requirements. 

Real-world 

deployment may 

require further 

validation and 

optimization to 

handle complex 

distribution network 

dynamics. 

[32] Quasi-oppositional 

chaotic neural 

network algorithm 

for SNR-DG in 

QOCNNA integrates 

NNA with CLS and 

QOBL for SNR-DG 

optimization in 

RDNs, achieving 

QOCNNA 

outperforms other 

methods in solution 

accuracy, 

convergence speed, 

Real-world 

implementation may 

require careful 

parameter tuning and 

validation to ensure 
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radial distribution 

networks 

significant 

improvements in 

power loss reduction 

and voltage stability. 

and robustness across 

different RDN 

scenarios. 

performance 

consistency and 

scalability. 

Table 2. Review of Existing Deep Learning Methods for Reconfigurations 

The increasing integration of renewable energy sources and the proliferation of electric vehicles (EVs) have 

imposed significant challenges on the performance and operation of distribution systems [33]. Addressing these 

challenges necessitates innovative methods to enhance the efficiency and reliability of distribution networks. 

Distribution network reconfiguration (DNR) has emerged as a crucial technique to mitigate the impacts of these 

changes [34]. 

Traditional DNR methods, however, face limitations in scalability and optimality, particularly in accommodating 

the growing penetration of EVs [34]. To overcome these limitations, recent studies have explored novel 

approaches such as model-free reinforcement learning algorithms. These algorithms empower agents to 

autonomously determine optimal DNR actions, thus improving the adaptability and efficiency of distribution 

systems [34]. 

Moreover, the concept of virtual power plants (VPPs) has gained traction as an effective means to aggregate 

distributed energy resources (DERs) and optimize their participation in grid operations [35]. Proper aggregation 

of DERs within VPPs is crucial for enhancing controllability and reducing operational costs. Advanced 

optimization models, such as mixed-integer linear programming (MILP), have been proposed to optimize network 

partitioning and improve VPP performance [35]. 

Despite the promise of these approaches, challenges persist in effectively managing non-radial configurations in 

distribution networks [36]. Metaheuristic algorithms offer a viable solution, yet their practical application is 

hindered by computational inefficiencies. To address this, innovative radiality maintenance algorithms have been 

introduced, leveraging concepts such as junction nodes and selection sets to streamline the generation of radial 

configurations [36]. 

Furthermore, emerging optimization techniques such as geometric mean optimization (GMO) have shown 

promise in addressing various optimization problems in distribution networks [37]. By integrating the geometric 

mean operator with meta-heuristic algorithms, GMO-based approaches offer robust solutions for optimal DNR 

and distributed generation (DG) unit allocation, considering operational constraints and multiple loading levels 

[37]. 

As per table 3, the advent of novel reconfiguration techniques extends beyond traditional power systems to other 

domains such as photovoltaic (PV) arrays and unmanned swarms [39, 42]. Techniques like ken-ken puzzle-based 

reconfiguration and liquid metal-enabled multi-reconfiguration in reflectarray antennas demonstrate innovative 

strategies for improving performance and adaptability in diverse applications [39, 47]. 

Reference Method Used Findings Results Limitations 

[33] Firefly Algorithm 

(FA) for Distribution 

Network 

Reconfiguration 

(DNR) and 

Distributed 

Proposal to enhance 

distribution system 

performance by 

reducing energy loss 

and improving 

reliability. 

Reduced energy 

loss and improved 

reliability in 

distribution 

systems. 

Intermittent nature of 

renewable-based DGs 

and load profiles pose 

challenges. 

Effectiveness may 

vary in different 
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Generator (DG) 

Allocation 

Probabilistic method 

considers renewable-

based DGs and load 

profiles. Implemented 

using FA. Case studies 

on IEEE 33-bus 

system highlight 

effectiveness. 

system configurations 

and under varying 

load conditions. 

[34] Model-free 

Reinforcement 

Learning Algorithms 

Utilization of 

reinforcement learning 

for DNR in response to 

increased electricity 

demand due to electric 

vehicles. Five 

algorithms compared 

on 33- and 136-node 

test systems. New deep 

Q-learning-based 

action sampling 

method proposed. 

Improved 

scalability and 

optimality in DNR 

for electric vehicle 

integration. 

Performance may 

depend on the 

complexity and size of 

the distribution 

system. Real-world 

applicability needs 

further validation. 

[35] Mixed-Integer 

Linear Programming 

(MILP) 

Proposal for optimal 

aggregation of 

distributed energy 

resources (DERs) to 

form Virtual Power 

Plants (VPPs). MILP 

formulation for 

minimizing voltage 

deviation and injection 

power fluctuation. 

Scenario reduction 

method for 

computational 

efficiency. 

Enhanced 

controllability and 

reduced operational 

cost of VPPs. 

Complexity of MILP 

formulation may limit 

scalability to larger 

networks. 

Computational burden 

of scenario reduction 

method needs 

consideration in real-

time applications. 

[36] Radiality 

Maintenance 

Algorithm (RMA) 

Introduction of RMA 

to efficiently handle 

non-radial 

configurations in 

distribution network 

reconfiguration. 

Implemented with 

accelerated particle 

swarm optimization. 

Results on IEEE 33-

bus test systems. 

Significant 

reduction in 

computational time 

and standard 

deviation. 

Effectiveness may 

vary depending on 

network size and 

complexity. Further 

validation needed in 

diverse network 

topologies and 

operating conditions. 
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[37] Geometric Mean 

Optimization 

(GMO) 

Application of GMO 

for optimal network 

reconfiguration and 

distributed generation 

unit allocation. 

Addressing 

operational constraints 

and loading levels. 

Comparison with 

existing algorithms on 

IEEE 33-bus and 69-

bus networks. 

Improved voltage 

stability, power loss 

reduction, and 

convergence speed. 

Applicability in real-

world scenarios may 

require consideration 

of additional factors 

not covered in the 

study. Further 

validation in larger 

and more complex 

networks necessary. 

[38] Multi-Objective 

Evolutionary 

Algorithm 

Development of DNR 

model considering 

new energy and 

electric vehicles. 

Application of multi-

objective evolutionary 

algorithm for 

optimization. 

Prevalence Effect 

Method employed for 

obtaining diverse 

optimal solutions. 

Enhanced 

reliability and 

power supply 

quality in 

distribution 

networks. 

Optimization results 

may be sensitive to 

changes in 

environmental factors 

and system 

parameters. Real-

world implementation 

may require validation 

and adaptation to 

specific network 

conditions. 

[39] Ken-Ken Puzzle-

Based 

Reconfiguration 

Technique 

Proposal for 

reconfiguration 

technique using Ken-

Ken puzzle for PV 

arrays under partial 

shading. Performance 

comparison with 

existing techniques. 

Simulation and 

experimental results 

on array performance 

enhancement. 

Improved power 

output and 

reliability under 

partial shading 

conditions. 

Effectiveness may 

vary depending on 

array configuration 

and shading patterns. 

Practical 

implementation may 

require consideration 

of additional factors 

such as cost and 

scalability. 

[40] Novel 

Reconfiguration 

Technique for PV 

Arrays 

Introduction of low-

cost, less complex 

reconfiguration 

technique for PV 

arrays to mitigate 

power losses during 

partial shading. 

Comparison with 

conventional 

Significant power 

enhancement 

compared to 

conventional 

configurations. 

Real-world 

implementation may 

require validation in 

diverse environmental 

conditions and 

scalability to larger 

arrays. 
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configurations. 

Simulation and 

experimental 

validation. 

[41] Dynamical Array 

Reconfiguration 

Method 

Proposal for 

dynamical array 

reconfiguration 

method for PV arrays. 

Scalable solution for 

TCT and SP 

interconnected arrays 

under mismatch 

conditions. 

Performance 

assessment with 

various mismatch 

scenarios. 

Improved 

maximum power 

output generation in 

PV arrays under 

different mismatch 

conditions. 

Effectiveness may 

depend on system 

complexity and 

scalability. Further 

validation needed in 

real-world 

applications and 

diverse environmental 

conditions. 

[42] Adaptive Dynamic 

Reconfiguration 

Mechanism 

Design of adaptive 

dynamic 

reconfiguration 

mechanism for 

unmanned swarm 

topology based on 

evolutionary game. 

Detailed discussion 

and numerical 

simulation on swarm 

cooperation level. 

Improved swarm 

cooperation level 

and scalability in 

unmanned swarm 

operations. 

Applicability in real-

world military 

scenarios may require 

consideration of 

additional factors and 

validation in dynamic 

environments. 

[43] Adaptive 

Coordinated Seeker 

for TEG Systems 

Introduction of ACS 

for large-scale TEG 

systems under 

temperature 

distribution. 

Comparison with other 

meta-heuristic 

algorithms. Simulation 

and hardware-in-the-

loop experiments on 

TEG system 

reconfiguration. 

Fast and stable 

dynamic 

reconfiguration of 

TEG systems under 

heterogeneous 

temperature 

distributions. 

Real-world validation 

and scalability to 

larger systems 

necessary. 

[44] Gene Evolution 

Algorithm for PV 

Array 

Reconfiguration 

Proposal for offline 

reconfiguration of 

non-uniformly aged 

PV arrays using GEA. 

Indoor experimental 

Improved output 

power compared to 

non-uniformly aged 

PV arrays. 

Practical 

implementation may 

require scalability to 

larger arrays and 

consideration of real-
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validation on small 

panel modules. 

world environmental 

conditions. 

[45] Efficient Genetic 

Algorithm for DSR 

Introduction of 

efficient GA for DSR 

with loss 

minimization. 

Detailed comparison 

with improved GA and 

other methods. 

Simulation results on 

test systems and real 

distribution networks. 

Higher accuracy 

and improved 

convergence 

performance in 

DSR. 

Real-world 

applicability may 

require validation in 

diverse network 

conditions and 

consideration of 

additional constraints. 

[46] AutoConf for 

Reconfiguration of 

CPPS 

Presentation of 

AutoConf algorithm 

for reconfiguration of 

CPPS. Evaluation on 

industrial use case and 

process engineering 

simulations. 

Effective 

reconfiguration of 

CPPS demonstrated 

in various 

scenarios. 

Scalability and real-

world applicability 

need further 

validation and 

consideration of 

system complexity. 

[47] Liquid Metal-Based 

Multi-

Reconfiguration in 

Reflectarray 

Proposal for frequency 

and phase-

reconfigurable 

reflectarray elements 

using liquid metal. 

Simulation and 

experimental 

validation on 

reflectarray antennas. 

Enhanced 

flexibility and 

multi-

reconfiguration 

capability in 

reflectarray 

antennas. 

Practical 

implementation may 

require consideration 

of material properties, 

scalability, and cost-

effectiveness. 

[48] Offline 

Reconfiguration for 

Non-Uniformly 

Aged PV Arrays 

Introduction of GEA 

for repositioning aged 

PV modules to 

improve array 

performance. Indoor 

experimental 

validation. 

Increased output 

power in non-

uniformly aged PV 

arrays without 

module 

replacement. 

Practical 

implementation may 

require consideration 

of scalability and real-

world environmental 

conditions. 

[49] Gene Evolution 

Algorithm for PV 

Array 

Reconfiguration 

Proposal for offline 

reconfiguration of 

non-uniformly aged 

PV arrays using GEA. 

Indoor experimental 

validation on small 

panel modules. 

Improved output 

power compared to 

non-uniformly aged 

PV arrays. 

Scalability and real-

world validation 

necessary for practical 

implementation. 



Advances in Nonlinear Variational Inequalities 

ISSN: 1092-910X 

Vol 28 No. 7s (2025) 

 

838 
https://internationalpubls.com 

[50] Deep Reinforcement 

Learning for 

Sequential 

Reconfiguration 

Development of deep 

RL method for 

sequential 

reconfiguration with 

SOPs in response to 

distributed 

generations. 

Simulation results on 

test systems. 

Efficient reduction 

in operation cost 

and resolution of 

overvoltage issues 

in distribution 

networks. 

Real-world 

applicability may 

require consideration 

of additional factors 

and validation in 

diverse network 

conditions. 

Table 3. Review of Existing Methods used for Reconfigurations 

Moreover, advancements in digital twin frameworks and gene evolution algorithms offer promising avenues for 

enhancing reconfiguration management and optimizing the performance of complex systems [44, 48]. These 

approaches leverage computational intelligence and simulation techniques to enable real-time adaptation and 

optimization in response to changing operational conditions [44, 48]. 

In summary, recent research endeavors have contributed to a diverse array of reconfiguration techniques spanning 

various domains, from power systems to manufacturing and beyond. These techniques leverage advanced 

optimization algorithms, reinforcement learning, and innovative concepts to address the evolving challenges of 

modern distributed systems. However, further research is needed to explore the scalability, robustness, and real-

world applicability of these techniques in complex operational environments [45, 50]. 

2. Result Analysis 

In this section, we compare various reconfiguration methods proposed in different research works based on their 

performance metrics. The methods are evaluated in terms of their effectiveness in enhancing system performance 

under specific conditions. The comparison is conducted across different domains, including photovoltaic (PV) 

array reconfiguration, distribution network reconfiguration (DNR), and dynamic reconfiguration strategies. 

Table 4 synthesizes the key findings from multiple research works discussing reconfiguration techniques for 

performance enhancement. These techniques span various domains, including PV array reconfiguration, 

distribution network reconfiguration (DNR), and dynamic reconfiguration strategies. The table evaluates each 

method based on different performance metrics, providing insights into their effectiveness in mitigating issues 

such as partial shading, power loss, and load imbalance levels. 

Method Domain Objective Key Findings Performance 

Metrics 

Evaluated 

Novel Shade 

Distribution (NSD) 

PV Array Enhance PV array 

performance under 

partial shading 

conditions 

Outperforms 

conventional methods 

(TCT, AR, SK, OSK, 

ZZ) in power generation 

improvement. 

Power generation 

improvement, 

reduction in 

mismatch losses 
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Two-Stage Robust 

Network 

Reconfiguration 

Model 

Distribution Maximize power 

supply under 

uncertain failures 

Achieves maximal 

power supply under 

worst-case 

contingencies through 

two-stage 

reconfiguration 

approach. 

Power supply 

maximization, 

reliability 

enhancement 

Energy-Efficient 

Precision-Scaled 

CNN (EEPS-CNN) 

Neural 

Networks 

Reduce energy 

consumption in 

CNN-based 

applications 

EEPS-CNN architecture 

reduces energy 

consumption by up to 

2.39X compared to 32-

bit floating-point 

architectures while 

maintaining acceptable 

accuracy levels. 

Energy 

consumption 

reduction, 

accuracy 

preservation 

Dynamic Array 

Reconfiguration 

Technique 

PV Array Enhance power 

output from PV 

arrays under partial 

shading 

Proposed technique 

achieves additional 234 

W PV power extraction 

compared to 

conventional systems, 

enhancing efficiency of 

BIPVPS. 

Power output 

enhancement, 

efficiency 

improvement 

Active Distribution 

Network 

Reconfiguration 

Distribution Improve total 

supply capacity 

under uncertain 

factors 

Active reconfiguration 

strategy optimizes 

switch positions to 

enhance total supply 

capacity, utilizing 

distributed energy 

effectively. 

Total supply 

capacity 

improvement, load 

balancing 

Gene Evolution 

Algorithm (GEA) 

PV Array Optimize 

reconfiguration of 

non-uniformly aged 

PV arrays 

GEA achieves 

improved output power 

compared to non-

uniformly aged arrays, 

demonstrating 

scalability and practical 

effectiveness. 

Output power 

improvement, 

scalability 

Convex 

Programming Model 

Distribution Minimize operation 

cost and energy not 

supplied 

Scenario-based model 

minimizes operation 

cost and energy not 

supplied, providing a 

framework for global 

Operation cost 

reduction, 

reliability 

enhancement 
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optimality in 

distribution systems. 

Multi-Objective 

Dynamic 

Reconfiguration 

Distribution Minimize cost, load 

imbalance, and DG 

curtailment 

Stochastic optimization 

model minimizes cost, 

load imbalance, and 

PVG curtailment, 

offering a 

comprehensive solution 

for dynamic 

reconfiguration. 

Cost 

minimization, load 

balancing, 

reliability 

enhancement 

Table 4. Review of Existing Methods 

The analysis table provides a comprehensive comparison of various reconfiguration methods across different 

domains. From the findings, it is evident that each method offers unique advantages and is tailored to address 

specific challenges in their respective domains. For instance, in PV array reconfiguration, the NSD method excels 

in improving power generation under partial shading conditions. On the other hand, for distribution networks, the 

two-stage robust network reconfiguration model stands out for its effectiveness in maximizing power supply 

reliability under uncertain conditions. The analysis offers valuable insights for researchers and practitioners in 

selecting the most suitable reconfiguration method based on their application requirements and system 

characteristics. Further research could explore hybrid approaches integrating multiple techniques to achieve 

enhanced performance and resilience in complex energy systems. 

In this analysis, the methods discussed in the provided texts are compared based on their effectiveness in various 

applications and their ability to address specific challenges. The methods are evaluated in terms of their 

performance metrics such as efficiency improvement, power generation enhancement, system stability, and 

optimization of system operation. Each method is assessed with respect to its application domain and the specific 

problem it aims to solve. The analysis aims to provide insights into the strengths and limitations of each method, 

offering a comprehensive understanding of their utility in practical scenarios. 

Method Application Performance 

Metrics 

Advantages Limitations 

Smart SPWPS with 

TCT PV Array [17] 

Solar PV Water 

Pumping Systems 

Efficiency 

Improvement 

Dynamic 

reconfiguration 

algorithm 

Dependency on 

real-time irradiation 

data 

Reconfiguration of 

PV Array [18] 

Photovoltaic 

Systems 

Maximum Power 

Extraction 

Adaptability to 

various shading 

conditions 

Mismatch losses, 

dispersion factor 

SCN-Based 

Reconfiguration 

[19] 

Photovoltaic 

Systems 

Output Power 

Enhancement 

Exact partial 

shadow shape 

consideration 

Complexity of 

implementation 
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Constellation 

Reconfiguration 

[20] 

Satellite 

Constellations 

System 

Performance 

Improvement 

AI-driven 

evolutionary 

algorithm 

High 

dimensionality, 

large decision space 

Liquid Metal 

Reconfigurable 

Antenna [21] 

Antenna Design Polarization 

Modes, 

Frequency 

Tunability 

Continuous 

frequency tuning, 

Liquid metal 

Limited frequency 

range, 

Implementation 

Voltage Stability 

Enhancement [22] 

Power Distribution 

Networks 

Stability, Loss 

Minimization 

Distributed 

generation, 

Network 

reconfiguration 

Multi-objective 

optimization, 

Complexity 

Modified Sudoku 

Reconfiguration 

[23] 

Photovoltaic 

Systems 

Maximum Power 

Generation 

Economical, No 

sensors required 

Limited to T-C-T 

connected PV 

arrays 

UAV Network 

Reconfiguration 

[24] 

Unmanned Aerial 

Vehicle Networks 

Task Completion 

Degree 

Distributed 

matching algorithm 

Complexity, 

Scalability 

Coordinated 

Scheduling in 

IGEDS [25] 

Integrated Gas-

Electric Distribution 

Systems 

Operation Cost, 

System Security 

P2G integration, 

Network 

reconfiguration 

Uncertainties, 

Forecasting errors 

Resilient Control 

Systems [26] 

Cyber-Physical 

Systems 

Stability Under 

Network Delay 

Attack 

Real-time 

controller 

reconfiguration 

Resource 

exhaustion, 

Security 

vulnerabilities 

Network Control for 

MEC Services [27] 

Mobile Edge 

Computing 

Networks 

Optical Network 

Simplification 

On-demand service 

provisioning 

Integration 

challenges, 

Scalability 

Coordinated 

Operation of ADN 

[28] 

Active Distribution 

Networks 

Operational 

Costs, Security 

BES Optimization, 

Load Response 

Uncertainties, 

Computational 

Complexity 

Distribution System 

Reconfiguration 

[29] 

Electric Power 

Distribution 

Systems 

Power Losses, 

Voltage Profile 

Traditional and 

new approaches 

Complexity, 

Scalability 
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Enhanced Marine 

Predators Algorithm 

[30] 

Distribution System 

Reconfiguration 

Power Loss 

Reduction, 

Voltage Stability 

Simultaneous 

DSR-DG 

optimization 

Algorithm 

Complexity, 

Scalability 

Model-Free 

Reinforcement 

Learning [31] 

Distribution 

Network 

Reconfiguration 

Optimization 

Performance 

NoisyNet DQN, 

Accelerated 

Training 

Computational 

Complexity, 

Scalability 

Quasi-Oppositional 

Chaotic Neural 

Network [32] 

Radial Distribution 

Networks 

Loss Reduction, 

Voltage Stability 

Index 

Effective 

exploration and 

exploitation 

Parameter tuning, 

Computational 

Complexity 

Table 5. Result Analysis of Reviewed Methods 

Table 5 summarizes the comparison of various methods discussed in the provided texts, each applied to different 

domains ranging from solar power systems to network configurations in cyber-physical systems. The methods are 

evaluated based on their application, performance metrics, advantages, and limitations. 

Through this analysis, it becomes evident that each method offers unique advantages tailored to specific 

applications. For instance, smart reconfiguration algorithms for solar photovoltaic systems demonstrate 

effectiveness in maximizing power generation under partial shading conditions. Similarly, techniques such as 

liquid metal reconfigurable antennas show promise in achieving flexible polarization modes and frequency 

tunability. 

However, challenges such as complexity, scalability, and computational overhead are common across several 

methods. For example, in distribution system reconfiguration, balancing operational costs and security 

considerations pose significant challenges. Likewise, in cyber-physical systems, ensuring stability against 

network delay attacks requires sophisticated real-time controller reconfiguration mechanisms. 

Overall, this analysis provides valuable insights into the strengths and limitations of each method, aiding 

researchers and practitioners in selecting the most suitable approach for their specific application requirements. 

Further research and development efforts are warranted to address the identified challenges and refine the 

performance of these methods in real-world scenarios. 

Table 6 presents a comprehensive comparison of various methods for network and system reconfiguration, 

focusing on their techniques, test systems, and key findings. These methods encompass diverse applications such 

as distribution network reconfiguration (DNR), virtual power plant (VPP) formation, photovoltaic (PV) array 

reconfiguration, swarm topology reconfiguration, and cyber-physical production system (CPPS) reconfiguration. 

The analysis highlights the innovative approaches employed in each study and their effectiveness in addressing 

specific challenges within their respective domains. 

Paper Method Algorithm/Technique Test Systems Key Findings 

[33] DNR and DG 

Allocation 

Firefly Algorithm IEEE 33-bus Minimizing energy 

loss and improving 

reliability through 

probabilistic approach 

considering 
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renewable-based DGs 

and load profiles. 

[34] DNR using 

Reinforcement 

Learning 

Deep Q-Learning, Dueling 

Deep Q-Learning, Deep Q-

Learning with Prioritized 

Experience Replay, Soft 

Actor-Critic, Proximal Policy 

Optimization 

33-node and 

136-node test 

systems 

Addressing scalability 

and optimality issues 

with model-free 

reinforcement learning 

algorithms, improving 

DNR methods for EV 

integration. 

[35] VPP Formation Mixed-Integer Linear 

Programming (MILP), Convex 

Formulation, Scenario 

Reduction Method 

13-bus and 70-

bus networks 

Optimizing VPP 

formation to minimize 

voltage deviation and 

injection power 

fluctuation, enhancing 

controllability and 

reducing operation 

cost. 

[36] Network 

Reconfiguration 

Radiality Maintenance 

Algorithm (RMA), 

Accelerated Particle Swarm 

Optimization 

IEEE 33-bus Proposing RMA to 

efficiently handle non-

radial configurations, 

improving 

computational 

efficiency and standard 

deviation in solving 

NR problem. 

[37] Optimization with 

GMO 

Geometric Mean Optimization 

(GMO) 

IEEE 33-bus and 

69-bus networks 

Using GMO to address 

NR, DG unit allocation 

with OPF and UPF, 

achieving 

improvements in VSI, 

TAPL, and VD under 

various loading 

conditions. 

[38] DNR with New 

Energy and EVs 

Multi-Objective Evolutionary 

Algorithm, Prevalence Effect 

Method (PEM) 

Not specified Incorporating new 

energy and EVs into 

DNR models, 

optimizing tie switch 

positions and reactive 

power regulation for 

loss reduction and 

voltage deviation. 
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[39] PV Array 

Reconfiguration 

Ken-Ken Puzzle, Latin Square, 

Odd-Even, Sudoku 

Not specified Introducing ken-ken 

puzzle-based 

reconfiguration to 

mitigate partial 

shading effects, 

improving 

performance metrics 

such as fill factor and 

power loss. 

[40] PV Array 

Reconfiguration 

Not specified MATLAB 

Modelling, Real-

Time Field 

Experiments 

Proposing a low-cost, 

less complex 

reconfiguration 

technique for PV 

arrays to mitigate 

power losses during 

partial shading 

scenarios, achieving 

significant power 

enhancement. 

[41] PV Array 

Reconfiguration 

Dynamical Array 

Reconfiguration 

Not specified Introducing a 

dynamical 

reconfiguration 

method for TCT and 

SP interconnected PV 

arrays, improving 

maximum power 

generation under 

mismatch conditions. 

[42] Swarm Topology 

Reconfiguration 

Adaptive Dynamic 

Reconfiguration Mechanism 

Not specified Designing an adaptive 

mechanism for 

unmanned swarm 

topology 

reconfiguration, 

optimizing swarm 

cooperation levels in 

military operations. 

[43] TEG System 

Reconfiguration 

Adaptive Coordinated Seeker Not specified Designing ACS for 

large-scale TEG 

systems under HgTDs, 

achieving fast and 

stable dynamic 

reconfiguration. 
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[44] PV Array 

Reconfiguration 

Gene Evolution Algorithm 

(GEA) 

2×4 PV array Introducing GEA for 

offline reconfiguration 

of non-uniformly aged 

PV arrays, facilitating 

significant power 

enhancement. 

[45] PV Array 

Reconfiguration 

Gene Evolution Algorithm 

(GEA) 

2×4 PV array Proposing GEA for 

non-uniformly aged 

PV arrays, achieving 

greater output power 

without replacing aged 

modules. 

[46] CPPS 

Reconfiguration 

AutoConf Algorithm Industrial Use 

Case, 

Simulations 

Introducing AutoConf 

for reconfiguration of 

CPPS, addressing 

faults autonomously 

with a scalable 

algorithmic approach. 

[47] Reflectarray 

Reconfiguration 

Microfluidics with Liquid 

Metal 

Not specified Implementing multi-

reconfiguration in 

reflectarray elements 

using Galinstan, 

enhancing flexibility 

and efficiency in 

antenna control. 

[48] PV Array 

Reconfiguration 

Gene Evolution Algorithm 

(GEA) 

Indoor 

Experimental 

Setup 

Utilizing GEA for 

reconfiguration of non-

uniformly aged PV 

arrays, improving 

power generation 

without module 

replacement. 

[49] PV Array 

Reconfiguration 

Gene Evolution Algorithm 

(GEA) 

Indoor 

Experimental 

Setup 

Introducing GEA for 

non-uniformly aged 

PV arrays, achieving 

significant power 

enhancement without 

module replacement. 

[50] Distribution 

Network 

Reconfiguration 

Deep Reinforcement Learning IEEE 34-bus and 

123-bus systems 

Implementing deep 

reinforcement learning 

for DNR with SOPs, 
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effectively reducing 

operation cost and 

addressing overvoltage 

issues with PV 

integration sets. 

Table 6. Result Analysis of Different Reviewed Methods 

The analysis table provides a detailed overview of the state-of-the-art methods for network and system 

reconfiguration across various domains. By comparing the techniques, algorithms, and outcomes of each study, 

researchers and practitioners can gain insights into the latest advancements and select appropriate methodologies 

for their specific applications. Additionally, the table underscores the importance of optimization and machine 

learning techniques in addressing complex reconfiguration problems, paving the way for more efficient and 

reliable network operations in diverse contexts. 

This review presents a comprehensive overview of various methods employed in the field of network 

reconfiguration, particularly focusing on distribution systems, photovoltaic (PV) arrays, and related domains. 

Each entry in the table encapsulates essential details including the reference, method used, findings, results, and 

limitations, offering a structured insight into the diverse approaches proposed by researchers. A critical analysis 

of this table unveils several notable observations and insights into the landscape of network reconfiguration 

methodologies: 

• Diversity of Methods: The table highlights a wide array of methodologies ranging from heuristic algorithms like 

Firefly Algorithm and Genetic Algorithm to optimization techniques such as Mixed-Integer Linear Programming 

(MILP) and Multi-Objective Evolutionary Algorithm. This diversity underscores the complexity of the 

reconfiguration problem and the necessity for tailored approaches to address specific challenges. 

• Application Context: Methods are applied across various application contexts including distribution network 

reconfiguration, PV array optimization under partial shading, and network design for emerging technologies like 

mobile edge computing and unmanned aerial vehicles (UAVs). This indicates the versatility of these 

methodologies in addressing diverse engineering problems. 

• Evaluation Techniques: Evaluation of methods involves a combination of simulation studies, experimental 

validations, and theoretical analyses. While simulations provide insights into method performance under 

controlled conditions, experimental validations offer empirical evidence of real-world efficacy. The use of both 

approaches ensures a comprehensive assessment of method effectiveness. 

• Performance Metrics: Findings and results are typically measured using performance metrics such as power loss 

reduction, voltage stability improvement, operational cost minimization, and reliability enhancement. These 

metrics align closely with the objectives of distribution system optimization, reflecting the practical significance 

of the proposed methodologies. 

• Limitations and Challenges: Each method is accompanied by limitations and challenges, which may include 

scalability issues, applicability to real-world scenarios, computational complexity, and sensitivity to 

environmental factors. Acknowledging these limitations is crucial for understanding the practical constraints of 

implementing these methodologies in real-world systems. 

• Comparative Analysis: While some entries provide comparative analyses with existing methods or conventional 

approaches, others focus on presenting standalone results. A more extensive comparative analysis across a broader 

spectrum of methods could offer deeper insights into the relative strengths and weaknesses of each approach. 
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In summary, the analyis provides a rich resource for researchers and practitioners in the field of network 

reconfiguration, offering valuable insights into the state-of-the-art methodologies, their applications, performance 

characteristics, and associated challenges. A nuanced understanding of these methodologies is essential for 

advancing the state-of-the-art in distribution system optimization and related domains. 

3. Conclusion and Future Scope 

The extensive review and analysis of various methodologies for network reconfiguration across diverse domains 

underscore the significance of optimization techniques, heuristic algorithms, and emerging technologies in 

addressing complex engineering challenges. Through empirical studies, simulation experiments, and theoretical 

analyses, researchers have demonstrated the effectiveness of these methodologies in enhancing system 

performance, improving energy efficiency, and ensuring operational reliability in critical infrastructure networks 

such as distribution systems, photovoltaic arrays, and Cyber-Physical systems. 

The comparative assessment of methodologies reveals key insights into their strengths, limitations, and 

applicability in real-world scenarios. While traditional optimization models like Mixed-Integer Linear 

Programming (MILP) offer globally optimal solutions for distribution network reconfiguration, heuristic 

algorithms such as Genetic Algorithm (GA) and Firefly Algorithm provide scalable and efficient approaches for 

complex optimization problems. Moreover, emerging techniques like Reinforcement Learning (RL) and deep 

learning-based approaches exhibit promising potential in adapting to dynamic environments and addressing 

scalability challenges in network reconfigurations. 

Future Scopes 

Moving forward, several avenues for future research and development emerge from the analysis: 

• Integration of Emerging Technologies: Further exploration of emerging technologies such as deep 

reinforcement learning, evolutionary algorithms, and swarm intelligence for network reconfiguration can lead to 

novel approaches that adapt dynamically to changing network conditions and operational requirements. 

• Enhanced Scalability and Robustness: Future research efforts should focus on enhancing the scalability and 

robustness of optimization techniques and heuristic algorithms to address the complexities of large-scale network 

reconfiguration problems encountered in smart grids, satellite systems, and distributed energy networks. 

• Multi-Objective Optimization: There is a need to delve deeper into multi-objective optimization frameworks 

for network reconfiguration, considering conflicting objectives such as cost minimization, reliability 

enhancement, and environmental sustainability to achieve comprehensive solutions that balance trade-offs 

effectively. 

• Real-Time Implementation and Validation: Practical deployment and validation of proposed methodologies in 

real-world settings, including distribution networks, photovoltaic installations, and cyber-physical systems, are 

essential to assess their performance, scalability, and adaptability under diverse operating conditions. 

• Interdisciplinary Collaboration: Collaboration between researchers from diverse disciplines, including 

electrical engineering, computer science, optimization theory, and system dynamics, can foster innovation and 

interdisciplinary approaches to address complex challenges in network reconfiguration effectively. 

In conclusion, the comprehensive review and analysis presented in this paper lay the groundwork for advancing 

the state-of-the-art in network reconfiguration methodologies, paving the way for resilient, efficient, and 

sustainable infrastructure networks in the era of smart grids and distributed energy systems. 
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