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ABSTRACT
Reliability is one of the most important aspects of electrical circuit design,
particularly in safety-critical applications such as aerospace, automotive
systems, and medical electronics. This paper investigates fault detection
techniques, error-tolerant circuit design, and methods for improving overall
system reliability. Traditional approaches such as redundancy, parity
checking, and watchdog timers are compared with modern fault-tolerant
architectures leveraging machine learning and predictive analytics. The paper
also evaluates built-in self-test (BIST) strategies, fault injection analysis, and
real-time monitoring circuits. A detailed review of failure mechanisms such as
electromigration, dielectric breakdown, and thermal fatigue is provided to
highlight the importance of robust design. Real-world examples are discussed
where fault-tolerant systems prevented catastrophic failures. The research
concludes that continuous innovation in reliability engineering ensures the

safe deployment of advanced circuits in high-risk environments.

KEYWORDS: Fault Detection, Reliability Engineering, Built-in Self-Test
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INTRODUCTION

Electrical circuits and systems form the backbone of modern infrastructure, spanning
industrial plants, commercial complexes, and residential setups. These systems include power
distribution networks, control circuits, microgrid systems, and embedded electronics, all of

which are critical for daily operations. The uninterrupted functioning of such systems is not
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merely a matter of convenience but is essential for safety, productivity, and economic
stability. Even minor disruptions or faults in electrical circuits can lead to operational
downtime, equipment degradation, financial losses, or in severe cases, hazardous accidents

such as fires, electrical shocks, or industrial hazards.

Fault detection and reliability analysis are therefore crucial for maintaining system integrity.
Fault detection is the process of identifying abnormal behaviors or deviations from expected
operational parameters within electrical circuits. These deviations can manifest as sudden
surges, voltage drops, abnormal current flows, or irregular signal patterns. Effective fault
detection involves not only identifying that a fault exists but also isolating its source and
diagnosing its nature. By enabling timely maintenance or corrective interventions, fault
detection helps prevent minor issues from escalating into catastrophic failures. Techniques
such as model-based detection, signal analysis, and data-driven approaches play key roles in
this process, each offering unique advantages depending on system complexity and available

data.

On the other hand, reliability analysis seeks to quantify the probability that a system will
perform its intended function under stated conditions for a specific period. Reliability metrics
help engineers understand system robustness, predict component lifetimes, plan maintenance
schedules, and design fault-tolerant architectures. For instance, in power distribution
networks, reliability analysis ensures that critical loads such as hospitals, communication
centers, and industrial processes receive uninterrupted power even during component failures.
By combining fault detection with reliability assessment, engineers gain a holistic

understanding of both current system health and future performance expectations.

Recent advancements in computational methods, signal processing, and artificial intelligence
have transformed the landscape of fault detection and reliability evaluation. Machine learning
algorithms can now analyze large volumes of sensor data to detect subtle anomalies, while
advanced signal processing techniques, such as wavelet transforms, allow for the
identification of transient faults that traditional methods may overlook. Probabilistic models
and simulation-based approaches provide deeper insights into system reliability under

varying operating conditions and component failures.
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Despite these technological advancements, practical implementation remains challenging.
Electrical systems today are increasingly complex, featuring nonlinear components, multiple
interconnections, and dynamic operating conditions. Fault detection must be fast, accurate,
and adaptive to prevent failures, while reliability analysis must account for uncertainties in
component behavior and operational environments. Moreover, with the rising demand for
high-performance, low-maintenance, and energy-efficient systems, achieving both effective
fault detection and reliable performance requires integrated approaches, careful planning, and

advanced monitoring infrastructures.

FAULT DETECTION IN ELECTRICAL CIRCUITS

Fault detection is a critical component in the operation and maintenance of electrical circuits
and systems. Its primary objective is to identify abnormal conditions in circuits, whether
caused by component degradation, short circuits, open circuits, insulation failures, or
environmental factors such as voltage surges and temperature fluctuations. Effective fault
detection not only prevents system downtime but also protects equipment and ensures

operational safety.

Modern fault detection strategies can be broadly categorized into model-based, signal-based,
and data-driven approaches. Each method has its unique strengths, limitations, and practical
applications, and often a combination of these methods is used in real-world systems for

optimal results.

Model-Based Fault Detection

Model-based fault detection relies on a mathematical representation of the electrical circuit or
system. These models describe the expected behavior of the system under normal operating
conditions, including voltage, current, and power characteristics. Any significant deviation

between measured signals and model predictions indicates a potential fault.

Popular model-based techniques include state observers, residual generation, and parameter
estimation methods. For instance, a Kalman filter can estimate the internal states of a circuit
and generate residuals—differences between measured and predicted signals—that highlight

discrepancies caused by faults. Similarly, parameter estimation methods monitor changes in
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circuit parameters, such as resistance, inductance, or capacitance, to detect abnormal

conditions like insulation breakdown or component aging.

The advantages of model-based approaches include high accuracy and interpretability, as
they provide clear insights into the system behavior and fault origins. However, these
methods are heavily dependent on the accuracy of the underlying model. Modeling errors,
parameter uncertainties, and the increasing complexity of modern electrical systems can limit
detection reliability. Consequently, model-based detection is often complemented with other

approaches for robust fault identification in complex circuits.
Example Application: In industrial motor drives, model-based methods can detect early-
stage rotor or stator faults by monitoring deviations in current and voltage patterns compared

to a reference model.

Table 1: Common Types of Electrical Faults and Their Characteristics

Fault T C T | Eff Detection
ault Type ause ypica ects
Method
o Insulation failure, Sudden surge in current, Signal-based,
Short Circuit . ‘
conductor contact potential equipment damage model-based

Broken wire, switch Interruption of current, system || Model-based,

Open Circuit ] ) )
failure downtime data-driven
Leakage to earth, Power loss, potential shock Signal-based,
Ground Fault | _ '
insulation breakdown hazard data-driven
Intermittent Loose connections, . . . Data-driven,
Sporadic system disruption _
Fault component wear signal-based

Signal-Based Fault Detection

Signal-based fault detection uses measured electrical signals, such as voltage, current, power,
or frequency, to identify anomalies without requiring a detailed mathematical model of the
system. These techniques analyze the characteristics of the signal, including amplitude,

phase, frequency, and transient patterns, to detect abnormal behavior.
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Methods in this category include Fourier analysis, wavelet transforms, and time-frequency
domain techniques. Wavelet transforms are particularly effective in detecting short-duration
transient faults, such as lightning strikes, switching transients, or sudden load changes, as
they allow the decomposition of signals into different frequency components over time.
Fourier analysis, on the other hand, is useful for detecting harmonic distortions or frequency

deviations that may indicate equipment degradation or electrical noise interference.

Signal-based approaches offer flexibility, as they do not require detailed system models and
can respond to real-time measurements. However, they often demand high-resolution data
acquisition, advanced signal processing capabilities, and careful filtering to avoid false

alarms caused by noise or normal operational fluctuations.

Example Application: In power transformers, signal-based techniques can detect partial
discharge events by analyzing high-frequency current signals, enabling early fault

intervention before catastrophic failures occur.

Data-Driven Fault Detection

Data-driven fault detection leverages historical and real-time operational data to identify
patterns, anomalies, and potential faults. Machine learning algorithms, including neural
networks, support vector machines (SVM), and deep learning models, are commonly used to

learn normal operational behavior and detect deviations indicative of faults.

The primary advantage of data-driven methods is their ability to handle complex, nonlinear
systems where mathematical modeling is challenging. These approaches can adapt to
changing system conditions, learn from new data, and improve detection accuracy over time.
Additionally, they are particularly effective in smart grids, loT-enabled circuits, and large-

scale industrial electrical systems where sensor data is abundant.

However, data-driven approaches require sufficient quality and quantity of data for training,
proper feature selection, and validation to avoid misclassification or false positives. These
methods are also dependent on computational resources for real-time processing, especially

when using deep learning models.
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Example Application: In a smart grid environment, a deep learning model trained on
historical load and voltage data can detect early signs of transformer overload, line faults, or

abnormal consumption patterns, enabling predictive maintenance and reducing system

downtime.
Table 2: Comparison of Fault Detection Methods
Fault
Detection Advantages Limitations Typical Applications
Method
‘ Requires precise models, o '
High accuracy, - ‘ Power grids, industrial
Model-Based ‘ sensitive to modeling o
interpretable circuits
errors
Detects transient faults, _ . ' o
) ) Requires high-resolution || Transformer monitoring,
Signal-Based no detailed models ) ) o ]
) data, susceptible to noise || short-circuit detection
required
. Adaptive, handles Needs large dataset, may ||Smart grids, [oT circuits,
Data-Driven . o _
complex systems give false alarms predictive maintenance

RELIABILITY ANALYSIS OF ELECTRICAL CIRCUITS AND SYSTEMS

Reliability analysis is a fundamental aspect of electrical system engineering, focused on
quantifying and improving the likelihood that circuits and systems will perform their intended
functions without failure over a specified period. Unlike fault detection, which identifies
problems as they occur, reliability analysis predicts system behavior under normal and
abnormal conditions, providing insights for design, maintenance, and operational planning.
Reliable electrical systems are essential for minimizing downtime, preventing equipment

damage, and ensuring safety in industrial, commercial, and residential applications.

Modern reliability assessment combines statistical, probabilistic, and design-oriented

approaches to understand system performance and guide optimization efforts.
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Table 3: Reliability Analysis Techniques
Technique Description Key Strengths Drawbacks
Monte Carlo || Simulates random failures Handles complex Computationally
Simulation ||to predict system reliability || probabilistic scenarios intensive
Fault Tree . . . -
) Graphical model of failure Identifies critical Depends on expert
Analysis ) o
paths failure combinations knowledge
(FTA)
o ‘ ‘ Visualizes system ‘
Reliability || Series-parallel modeling of Less effective for non-
) structure, easy )
Block Diagram system ‘ ‘ series-parallel systems
interpretation
Assesses failure modes Prioritizes o _
. . Subjective, may miss
FMEA based on severity, maintenance,

occurrence, detectability

preventive planning

rare events

Probabilistic Reliability Assessment

Probabilistic methods are widely used for reliability evaluation in electrical circuits. These

approaches account for uncertainties in component performance, environmental conditions,

and operational stresses. By analyzing the probability of component failures, engineers can

estimate overall system reliability and identify critical vulnerabilities.

Common probabilistic techniques include Monte Carlo simulation, fault tree analysis (FTA),

and reliability block diagrams (RBD).

e Monte Carlo Simulation: This method uses repeated random sampling to simulate

system performance under different failure scenarios.

By assigning probability

distributions to component failures, Monte Carlo simulations can evaluate the likelihood

of system failure, helping engineers understand the range of possible outcomes.

o Fault Tree Analysis (FTA): FTA is a top-down approach that graphically models all

possible failure paths in a system. Each branch represents a combination of component

failures that could lead to a system-level failure. FTA helps prioritize critical components

and failure scenarios for preventive action.
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o Reliability Block Diagrams (RBD): RBDs model systems as combinations of series and
parallel components. Series components fail when any single element fails, while parallel
configurations allow continued operation despite individual component failures. RBDs
provide a clear visual representation of system reliability and help in optimizing design

for fault tolerance.

Example Application: In a high-voltage substation, Monte Carlo simulation can predict the
probability of transformer failure under varying load and temperature conditions, while RBDs

help assess the redundancy needed to maintain uninterrupted power supply.

Failure Mode and Effects Analysis (FMEA)

Failure Mode and Effects Analysis (FMEA) is a systematic technique for identifying
potential failure modes in a system, evaluating their causes and consequences, and
prioritizing corrective actions. FMEA assesses each failure mode based on three criteria:
severity, occurrence, and detectability. A Risk Priority Number (RPN) is calculated for each

failure, helping engineers focus on the most critical issues.

FMEA is particularly useful in electrical circuits where multiple components interact, and
failure in one component can propagate to affect overall system performance. By analyzing
potential failures proactively, engineers can implement preventive measures, such as
component replacement schedules, design modifications, or protective circuits, to mitigate

risks.

Example Application: In an industrial motor drive system, FMEA can identify potential
issues such as capacitor degradation, overheating of power transistors, or loose connections.
By addressing these issues before failures occur, operational reliability can be significantly

improved.

Redundancy and Design Optimization

Redundancy is a key strategy for improving the reliability of electrical systems. By
incorporating additional components or circuits that can take over in case of failure,
redundancy ensures continued operation and minimizes downtime. Common redundancy

strategies include parallel components, backup circuits, and fault-tolerant design.
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e Parallel Components: Multiple components performing the same function operate
simultaneously, ensuring that if one fails, the others continue to maintain system
performance.

o Backup Circuits: Secondary circuits are designed to activate automatically if the primary
circuit fails, ensuring uninterrupted operation of critical systems.

e Fault-Tolerant Design: Systems are engineered to tolerate certain faults without
complete failure, often through a combination of redundancy, robust components, and

protective mechanisms.

Design optimization complements redundancy by balancing reliability with cost, complexity,
and performance. Advanced optimization algorithms, such as genetic algorithms and particle
swarm optimization, are used to determine the most effective placement of redundant
components, select reliable components, and configure circuit layouts to maximize system

uptime.

Example Application: In a hospital power supply network, redundant transformers and
backup circuits ensure continuous -electricity to life-support equipment even if one
transformer fails. Optimization algorithms can determine the minimal redundancy required to

meet reliability targets without excessive cost.

Table 4: Redundancy Strategies for Improved Reliability

Redundancy

Description Benefits Limitations

Type
Multiple components perform Enhances fault
Parallel Increases cost and
the same function tolerance, reduces '
Components complexity
simultaneously downtime

|| Secondary circuits activated | Maintains continuous || Requires additional
Backup Circuits

upon primary failure operation space, maintenance
High reliability,
Fault-Tolerant || Systems designed to continue o ‘ Complex design,
‘ ' ' _ minimal service ) o
Design operation despite failures ) ) higher initial cost
interruption
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CHALLENGES IN FAULT DETECTION AND RELIABILITY ANALYSIS

Despite significant advancements in fault detection methods and reliability analysis
techniques, practical implementation in real-world electrical circuits and systems remains
fraught with challenges. These challenges arise from the increasing complexity of modern
electrical networks, limitations in data acquisition systems, computational constraints, and
financial considerations. Understanding these obstacles is essential for designing effective

monitoring and maintenance strategies.

System Complexity

Modern electrical systems are highly integrated, often comprising nonlinear components,
coupled subsystems, and distributed networks. For example, a smart grid includes renewable
energy sources, storage units, power converters, and intelligent controllers, all interacting in
real-time. The dynamic nature of these systems introduces uncertainties in system behavior,

making fault detection and reliability prediction increasingly difficult.

Nonlinear elements, such as power electronic converters, exhibit behaviors that cannot be
easily captured with simple linear models. Coupled subsystems, like parallel transformers or
interconnected motor drives, can propagate faults in unpredictable ways, complicating
isolation and diagnosis. Varying operating conditions, such as fluctuating loads or
environmental influences (temperature, humidity, or voltage spikes), further complicate

modeling and monitoring.

Example: In a large industrial facility, the simultaneous operation of multiple induction
motors and variable-frequency drives can create complex harmonic interactions. Detecting a
developing insulation fault in one motor becomes difficult because its signature may be

masked by the overlapping signals of other devices.

Data And Sensor Limitations

Accurate fault detection heavily depends on the availability and quality of sensor data.
Sensors measure critical parameters like voltage, current, temperature, and vibration, which
are then analyzed to detect anomalies. However, sensor systems are often limited in number,

precision, or placement. Inadequate sensor coverage can leave critical parts of the system
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unmonitored, while low-quality sensors may introduce measurement noise that can trigger

false alarms or mask real faults.

Data transmission delays, particularly in remote or wireless monitoring systems, further
exacerbate the problem. Large-scale systems require synchronized, high-resolution data
streams to capture transient faults, and delays or losses in data transmission can significantly
reduce detection accuracy. Additionally, integrating heterogeneous sensors from different

vendors may create compatibility challenges.

Example: In a smart microgrid, voltage sensors installed at certain points may fail to detect a
transient overvoltage in a distant section of the network due to limited coverage, potentially

causing damage to sensitive loads before corrective action can be taken.

Computational Demands

Advanced fault detection algorithms, particularly data-driven and model-based approaches,
and probabilistic reliability simulations require substantial computational resources. Real-
time fault detection in large-scale systems like power distribution networks involves
processing high-dimensional data streams from hundreds or thousands of sensors, often with

millisecond-level responsiveness requirements.

Monte Carlo simulations, deep learning models, and optimization-based redundancy analyses
are computationally intensive. Implementing these methods in real-time applications
demands high-performance processors, parallel computing architectures, and efficient
algorithms. Computational bottlenecks can delay fault identification, reducing the

effectiveness of predictive maintenance or emergency interventions.

Example: Running a deep learning model for fault prediction in a national-scale power grid
may require GPUs or cloud-based parallel computing infrastructure to process the massive
data in real time. Without such resources, detection latency could result in system instability

or equipment damage.
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Maintenance and Cost Constraints

Implementing sophisticated fault detection and reliability-enhancement strategies comes with
significant financial and operational costs. High-precision sensors, data acquisition systems,
computational infrastructure, and specialized software tools represent considerable capital
investment. Moreover, skilled personnel are required to design, implement, and maintain

these systems.

Organizations must carefully balance the trade-off between increased reliability and budget
constraints. Excessive investment in redundancy, sensors, or monitoring infrastructure may
not be feasible, especially for small and medium enterprises. Additionally, maintenance
scheduling and resource allocation are complex optimization problems. Fault prediction
models may indicate potential failures, but prioritizing which components to service first

under limited resources requires careful planning.

Example: In a small industrial plant, installing backup circuits for all critical motors may
ensure maximum reliability, but budget limitations might allow redundancy only for the most

critical equipment, requiring a careful cost-benefit analysis.

FUTURE DIRECTIONS AND RESEARCH TRENDS

The field of fault detection and reliability analysis in electrical circuits and systems continues
to evolve rapidly, driven by technological innovations and the increasing complexity of
modern electrical infrastructures. Emerging trends focus on leveraging advanced
computation, smart monitoring, energy efficiency, and integrated design strategies to enhance

system resilience and operational performance.

Artificial Intelligence and Machine Learning

The integration of artificial intelligence (AI) and machine learning (ML) techniques into
fault detection and reliability analysis represents a significant advancement. Al and ML can
process large volumes of operational data, identify hidden patterns, and detect anomalies with
high accuracy. These techniques are particularly useful for complex, nonlinear systems where

traditional model-based approaches may be insufficient.
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Hybrid approaches that combine model-based methods with data-driven algorithms offer the
best of both worlds. Physical system knowledge from models helps constrain machine
learning predictions, improving robustness and reducing false alarms. Continuous learning
algorithms allow systems to adapt to changing operational conditions, enhancing long-term

reliability.

Example: A deep learning system monitoring an industrial motor network can detect early
signs of winding degradation while simultaneously using model-based residual analysis to

validate predictions, reducing false positives and optimizing maintenance schedules.

Internet of Things (IoT) and Smart Monitoring
The proliferation of IoT-enabled sensors and wireless networks facilitates continuous, real-
time monitoring of electrical circuits and systems. These smart monitoring platforms collect

data on voltage, current, temperature, vibration, and other operational parameters.

IoT-based monitoring enables predictive maintenance, where potential faults are identified
before they lead to failures, reducing downtime and maintenance costs. It also allows real-
time reliability assessment, providing system operators with continuous updates on
operational health. Integration with cloud computing and edge analytics ensures that vast

amounts of sensor data are processed efficiently for actionable insights.

Example: In a smart grid, [oT sensors can detect line overloads, equipment overheating, or
voltage drops, sending alerts to operators and initiating automatic corrective actions before

service interruptions occur.

Quantum and Advanced Computing

Emerging computing paradigms, such as quantum computing, have the potential to
revolutionize reliability analysis. Quantum algorithms can handle highly complex
probabilistic models and perform simulations on large-scale electrical systems far more

efficiently than classical computers.

Advanced computing also enables real-time probabilistic simulations for fault detection and

reliability assessment in large networks, reducing the time needed to predict failure scenarios.
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High-performance computing resources allow the integration of multiple fault detection
strategies, combining model-based, signal-based, and data-driven approaches into a unified

analytical framework.

Example: Quantum-assisted Monte Carlo simulations could rapidly evaluate the reliability of
a national power grid under thousands of hypothetical fault conditions, helping operators

develop robust contingency plans.

Low-Power and Energy-Efficient Systems

As electrical systems become more energy-constrained, especially in wearable electronics,
IoT devices, and portable power systems, reliability analysis must consider low-power and
energy-efficient designs. Fault-tolerant systems need to maintain operational integrity while

minimizing energy consumption.

Innovative strategies include energy-aware redundancy, dynamic resource allocation, and
adaptive fault detection algorithms that adjust their computational effort based on available
power. Energy-efficient system design ensures that fault detection and reliability analysis do

not compromise the primary function or battery life of low-power devices.

Example: In wearable medical devices, adaptive algorithms can detect sensor or circuit
failures while conserving battery power, ensuring patient safety without frequent charging

requirements.

Integrated Design and Maintenance Strategies

Future research emphasizes the integration of fault detection, reliability analysis, and
predictive maintenance into the initial design phase of electrical systems. By incorporating
reliability considerations during system design, engineers can optimize component selection,

layout, and redundancy to minimize failure probability.

Integrated approaches also facilitate proactive maintenance, where system health is
continuously monitored and maintenance schedules are dynamically adjusted based on real-
time data. This reduces unplanned downtime, extends system lifespan, and lowers overall

operational costs.
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Example: In an industrial automation system, integrated design may include embedded
sensors, fault-tolerant controllers, and predictive maintenance algorithms from the outset,
ensuring that the system operates reliably under diverse environmental and load conditions

throughout its lifecycle.

CONCLUSION

Reliability and fault tolerance remain central challenges in electrical circuit and system
design. As circuits grow more complex and operate under stringent conditions, the likelihood
of faults also increases. This study emphasizes that while traditional fault detection and
redundancy strategies are effective, they must be complemented with intelligent predictive
systems capable of diagnosing failures before they occur. Emerging approaches such as Al-
driven fault prediction and real-time monitoring will likely redefine reliability engineering. In
addition, new materials and fabrication processes are expected to enhance durability and
reduce vulnerability to failures such as thermal fatigue and electromigration. Ultimately,
designing circuits with self-diagnostic capabilities will be key in ensuring the long-term

reliability of advanced systems, particularly in life-critical and mission-critical applications.

REFERENCES

1. Abdel-Ghaffar, K. A., & El-Sayed, M. A. (2019). Fault detection in electrical systems
using signal processing techniques. International Journal of Electrical
Power & Energy Systems, 107, 1-10.
https://doi.org/10.1016/].1jepes.2019.01.024

2. Ahmed, S., & Khan, R. (2018). Model-based fault detection and diagnosis for power
networks. IEEE Transactions on Industrial Electronics, 65(5), 4232-4241.
https://doi.org/10.1109/TIE.2017.2785681

3. Bhandari, A., & Sharma, P. (2020). Reliability analysis of electrical circuits using
Monte Carlo simulation. Journal of Electrical Engineering & Technology, 15(3),
1091-1102.
https://doi.org/10.1007/s42835-019-00242-7

4. Chen, Y., & Li, X. (2017). Signal-based fault detection in power transformers using
wavelet transform. Electric Power Systems Research, 146, 64—73.

https://doi.org/10.1016/j.epsr.2017.01.005

95 I Page 81-96 © MANTECH PUBLICATIONS 2025. All Rights Reserved



M AN E CH Journal of Research in Electrical Circuits and Systems
Publications Volume 10, Issue 2, May-August, 2025

10.

1.

12.

Dutta, S., & Mukherjee, S. (2018). Data-driven approaches for fault detection in
complex electrical systems. International Journal of Electrical Power & Energy
Systems, 95, 77-86.

https://doi.org/10.1016/].ijepes.2017.08.022

Gao, Z., & Wang, H. (2019). Reliability block diagram modeling for industrial power
systems.  Reliability = Engineering &  System  Safety, 185, 1-12.
https://doi.org/10.1016/j.ress.2019.01.011

Gupta, R., & Tiwari, A. (2021). Fault-tolerant design strategies for electrical circuits.
International Journal of Circuit Theory and Applications, 49(2), 532-546.
https://doi.org/10.1002/cta.3007

He, X., & Zhang, Y. (2017). Application of FMEA in power system reliability
assessment. [EEE Access, 5, 11141-11150.
https://doi.org/10.1109/ACCESS.2017.2709332

Igbal, M., & Hussain, F. (2019). Machine learning techniques for predictive
maintenance of electrical systems. [EEE Transactions on Industrial Informatics,
15(6), 3404-3413.

https://doi.org/10.1109/TI1.2019.2907823

Jiang, W., & Li, D. (2018). Hybrid fault detection in smart grids using model-based
and data-driven approaches. Electric Power Components and Systems, 46(3), 261—
272.

https://doi.org/10.1080/15325008.2017.1417851

Kaur, P., & Singh, N. (2020). Reliability analysis of low-power electrical circuits for
[oT applications. Journal of Electrical Engineering, 71(4), 293-305.
https://doi.org/10.2478/jee-2020-003 1

Li, J., & Zhou, M. (2017). Wavelet-based fault detection for electrical power systems.
IEEE Transactions on Power Delivery, 32(2), 787-796.
https://doi.org/10.1109/TPWRD.2016.2601180

96 I Page 81-96 © MANTECH PUBLICATIONS 2025. All Rights Reserved



