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Abstract:

Voltage stability continue a serious concern in
the Nigeria, Northern states owing to the
growing power demand, with weak distribution
infrastructure, and having insufficient reactive
power compensation. This is making state's
energy encounters so intensified by rural
electrification constraints, from a changeable
power supply, and this repeated voltage collapse
occurrences. Underlining the margins of
conventional stability assessment techniques,
this studies the most serious issues that are
disturbing voltage stability. The prospective of
ML in response to these challenges is sightseen,
aiming on its part in prognostic analytics, the
feature extraction, through data-driven
assessment models. A serious assessment of the
existing literature exposes the condition for a
tailor-made ML-based methodologies that can
improve distribution network flexibility and
steadiness.
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(ML);Power  System  Stability  (PSS);Grid
Reliability (GR);Voltage Collapse; Reactive
Power.

I. Introduction

Power systems experience voltage instability
when the network is wunable to maintain
acceptable voltage levels under changing load
conditions, which may often leads to voltage
collapse and widespread to power outages and
operational disruptions[1]. The Northern states
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have been particularly affected by voltage
instability due to a number of interrelated
factors affecting it, such as aging of the

infrastructure,  inadequate  reactive  power
compensation, and the rapid growth of
electricity demand without an equivalent

upgrade in grid capacity [2]. As the

power distribution network fights to keep up
with the growing urbanization and industrial
activities, the problems with voltage stability
have gotten worse over time, and the persistent
fluctuations in voltage not only deteriorated
power quality but also lead to equipment
failures and increased transmission losses[3].

The cost-effective development and growth of
any nation are essentially tight to the ease of use
of power system day by day. Evaluation of
asynchronous motor, fault opposition of
induction motor studied in has set entrance to a
reliable electricity supply which shows an
essential part in enabling people and simplifying
personal and economic improvement[4] and
dynamic performance. It has been taking into
being that, the amount of load request is more
than expectations for the generated electricity
and this has sum together into the great rate of
the reality of voltage instability[5]. The power
system network in Nigerian just as the power
system all over the world, comprises of
transmission system, distribution systems and
generation systems. Additional issues that brings
to instability in the power system network
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includes the following; the load demand which
happen due to rise in excitation edge of the
generator, great existence of inductance on the
transmission network[6] and imbalance of the
reactive power between the power supply.
According to studies reviewed, the region's
voltage instability has had several important
socio-economic  special effects, impacting
domestic electricity reliability, the commercial
operations, and that of industrial productivity
[7].

This issue of voltage collapse events have been
made documented at multiple substations, it is
resulting in extended blackouts[8] that disrupts
the economic day today activities, with the use
of supportive power sources, similar to diesel
generators, additionally heightens the cost of
electricity for the domestic use and businesses,
contributing to that aspect of economic draining.
Additionally, the absence of real-time voltage
monitoring[9] and control mechanisms limits
grid operators' ability to proactively manage
instability events, causing delayed response in
times and increased susceptibility to abrupt
voltage collapses[10].

Addressing voltage stability challenges requires
a multi-faceted approach, which in turn is
including to the improvements in infrastructure,
better grid planning set wups, and the
incorporation of advanced analytical
techniques[11]. While classic i.e. conventional
evaluation voltage stability methods, for
example, load flow analysis and eigenvalue
analysis, have been widely get employed, their
limits in area of processing complex, high-
dimensional power system data necessitate the
use of more advanced methodologies[12]. The
emergence of ML has introduced a deep new
dimension stability analysis, offering to the
data-driven methods for voltage monitoring,
pattern recognition, and predictive assessment.
ML algorithms have shown the gravity of its
potential in identifying early warning signals of
voltage instability and classifying grid operating
conditions with high accuracy [13].

This analysis try in looking at the current
issues with voltage stability in Nigeria's northern
areas and investigates how ML approaches can
handle to improve stability of power system
[14]. Additionally, supervised, unsupervised,
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with deep learning models are highlighted in a
review of the literature on ML-based stability
evaluation[1]. A summary of the main problems
with voltage stability is given, including load
unpredictability, reactive power shortages,
inadequate  distribution networks, and the
incorporation of renewable energy sources. Last
but not least, the difficulties in using machine
learning to voltage stability monitoring are
examined thoroughly, as well as bringing
possible solutions. This research have attempt to
offer insights into enhancing the power system's
efficiency and dependability by examining the
region's existing voltage stability situation as
well as developments in machine learning
applications[1]

2. Literature Review on Machine Learning
Models for Voltage Stability

A very large number of machine learning
techniques have been deployed to have
investigated in the literature for voltage stability
assessment, each offering distinct advantages in
analysing power system behaviour and
predicting the statuses of instability events[15].
Researchers have shown that these models are
effectively used in identifying weak points in
the network[16], optimizing control
mechanisms, and get improved early warning
systems for voltage collapse prevention[17].
These techniques can be broadly classified into
supervised learning, unsupervised learning, and
deep learning approaches, each of which plays a
distinct role in improving the aspect of voltage
stability analysis [18].

The classification and prediction of voltage
stability have made a broader use of supervised
learning models[19]. To discover connections
between  input  features and  stability
requirements, these models which are said
includes decision trees, SVMs, and ANNs use
labeled datasets|[20]. For feature selection,
decision trees and random forests are especially
helpful in determining the most important
factors  influencing  voltage  stability[21].
Despite the fact ANNs have been used because
of their amiable capacity to simulate intricate
nonlinear interactions within power system data,
SVMs have proven successful in identifying
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stable and unstable operating circumstances
[22].

In this evaluation of the wvoltage stability,
unsupervised learning models have also drawn
to an interest, especially for their high level
capacity to uncover hidden patterns[20] and
group related state of stability requirements.
Power system operating states have been
drastically categorized using clustering methods
such like that of k-means and hierarchical
clustering, which do not require labeled training
data[23]. Still, the computational efficiency of
stability assessments has been increased by

extracting important features from high-
dimensional datasets using dimensionality
reduction techniques e.g. PCA[24]. These

techniques are made to be useful for examining
past instances of voltage instability and
classifying most related situations for additional
research [22].

Deep learning techniques have demonstrated
great potential in real-time evaluation and
voltage stability prediction. Spatial and temporal
interdependence in power system data have been
processed using convolutional neural networks
(CNNs) and recurrent neural networks (RNNS),
respectively. RNNSs, including long short-term
memory (LSTM) networks, have has been
proven to be more successful in capturing time-
series voltage stability trends than that of the
CNNs, which have established especially been
useful in analyzing grid topology and the spatial
distribution of wvoltage fluctuations. Deep
learning models are useful right instruments for
enhancing the precision and dependability of
voltage stability evaluation methods due to their
ability to manage sizable and intricate datasets
[25].

3. The roles of Machine Learning in Voltage
Stability Assessment

In modern research, machine learning
algorithms for power system stability evaluation
have been thoroughly investigated[26]. These
techniques use extensive datasets gathered from
power networks to identify trends that may
interrupt,  totally  categorize  operational
circumstances, and make highly accurate
predictions about stability occurrences at a point

International Journal of Modern Science and Research Technology

ISSN No- 2584-2706

dynamic character for contemporary power
systems may not well be captured by traditional
stability analysis methods, which mainly rest on
the mathematical modeling and simulations[27].
On the other hand, machine learning models is
therefore, set to make use of both historical and
current data to improve forecast accuracy and
flexibility when undergoing the evaluation of
voltage stability [4].

The capacity of machine learning that can
effectively handle huge volumes of high-
dimensional data is the great benefits in the
evaluation of voltage stability. Smart meters,
SCADA, and phasor measurement units (PMUSs)
all  produce large datasets for power
systems[28]. Decision trees, random forests,
and support vector machines are examples of
machine learning techniques that have been
effectively used to categorize system states and
get in hands the significant stability
indicators[29]. These models are made to
improve the interpretability and dependability of
stability evaluations by prioritizing the most
pertinent voltage stability characteristics through
the use of feature selection approaches [30].

This comes in touch with ability to identify
serious anomalies and anticipate for the
instability events[31], before they are made to
become large-scale voltage collapses for it is
also another critical component of machine
learning applications in voltage stability
assessment[32]. Architectures, i.e. RNNs and
CNNs, have been used to analyze temporal and
spatial correlations in power system data[33].
These models are able to identify subtle patterns
that can be used in indicating the voltage
instability, by allowing the grid operators to take
preventative measures. Research has
demonstrated that deep learning models perform

better than traditional methods in terms of
detection  accuracy and early warning
capabilities in the long run[34].

However, most issues like data quality,
computational complexity, and model
interpretability remain the most important

concerns that need more research to improve the
efficacy of machine learning-based assessment
[24].  Additionally, the integration of
Reinforcement learning and hybrid machine

in time[3]. The system of nonlinear and learning  frameworks  has  demonstrated
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promising results in optimizing voltage control
strategies[35]. Reinforcement learning
algorithms, which learn optimal control
strategies through trial-and-error interactions
with the grid environment, it have been used to
improve the system voltage regulation
mechanisms[36], and hybrid approaches that is
made to combine supervised, unsupervised, and
reinforcement learning skills to give a wide-
ranging framework for addressing voltage
stability challenges[36].

4. Challenges of voltage stability in the
northern states of Nigeria

The challenges that add to voltage instability in
the region are as explain below

i.Weak Distribution Networks

The region's voltage instability is made worse
by frequent breakdowns due to a lack of proper
timely maintenance and network expansion
plans[2]. In most cases, many areas' distribution
systems are unable to meet up with peak
demand, to which causes voltage dips and
instability [37]. This is why these issues are
made worse due to inadequate infrastructure,
antiquated equipment, and high technical losses
all together. In this regard that many distribution
feeders are overloaded, which causes higher
voltage drops, particularly in rural and urban
areas[38].

ii. Reactive Power Insufficiency

During periods of peak load, problems with
voltage collapse are made worse as a result of
inadequate reactive power adjustment carrying
the system [39]. The grid is susceptible to
fluctuations due to the absence of sufficient
capacitor banks, synchronous condensers, and
other compensating devices, even though
reactive power is indispensable for preserving
voltage levels[40]. At this, due to low
expenditures in voltage control equipment, this
is what leads to the causes of the Northern states
of Nigeria have severe limitations in managing
reactive power, which frequently results in
under voltage circumstances and decreased
power transmission capacity[41].
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The mixing of intermittent renewable energy
sources introduces further complexities in
voltage stability management [42]. The solar
and wind energy penetration in that region is
increasing, but the variability of these sources
affects voltage regulation. The intermittent
nature of renewables causes a rapid voltage
fluctuations, especially in weak grids with
limited dynamic reactive power support.
Furthermore, the absence of robust grid codes
and the insufficient forecasting mechanism that
makes it difficult to take it at equilibrium
between supply and demand, which is leading to
instability in areas with great renewable energy
penetrations[43].

iv. Load Inconsistency and Power Demand
Growth

Increasing level of energy demand without
balanced grid expansion strains existing
infrastructure, resulting in frequent voltage sags
[44]. The Northern states have witnessed a very
fast population increase, urbanization, and
industrialization, leading to higher power
demand. Nevertheless, this level of growth has
not been matched by the expansion of
distribution networks by the way, which can
result in to frequent voltage drops and problems
with the power quality[4]. Instability is also
exacerbated by seasonal fluctuations in
electricity demand, which are influenced by
weather conditions and agricultural practices.
The inability of current planning frameworks to
accommodate these fluctuations results in
suboptimal grid performance and increased
vulnerability to voltage collapse events at all
cost[45].

To address the voltage stability challenges in
Northern states, there has to be quite a lot of
strategic approaches has to be implemented[ 12]
v. Enhancing Distribution Network

Capacity:

In order to handle growing demand and reduce
voltage instability causes, it is required that
distribution infrastructure must has to be
upgraded[46]. The resilience of the network can
be increased by making an investments in
automated voltage regulators for the purposes of

iii. Integration Renewable Energy control, higher ampacity conductors, and
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contemporary distribution transformers. This
Distributed energy resources (DERS) can also be
used to maintain voltage levels and control
demand spikes at main load centers [45].

vi. Improving Reactive Power Compensation:
When reactive power support like Static VAR
Compensators  SVCs, Static  Synchronous
Compensators, and capacitor banks are made to
be integrated, voltage stability can be greatly
made enhanced[14]. These technologies can
help to retain voltage levels within acceptable
ranges as required by providing dynamic
reactive power support, particularly during the
periods of peak demand. When these devices are
placed and controlled in a proper way, there will
ensure effective voltage regulation throughout
the distribution network [37].

vii. Handling Renewable Energy Integration:
Energy storage devices and sophisticated
forecasting methods can really assist to alleviate
the difficulties caused by the renewable energy
sources' sporadic nature[22]. Grid operators can
however, anticipate variations and modify
system parameters with the aid of precise solar
and wind power forecasting  models.
Furthermore, the installing of battery energy
storage systems in strategic areas lead in
mitigating voltage fluctuations brought in by the
sporadic nature of renewable energy sources and
offer backup supply as at when due[39].

viii. Harmonizing Load Growth with Grid
Extension:

In order to come across the growing demand for
power, in depth proactive grid planning[27] and
expansion strategies are needed to be employed;
demand-side management and load flow
analysis can aid to optimize power distribution
and lower the high level risk of voltage
instability; and smart grid technologies, such as
adaptive load shedding and automated demand
response, can increase grid flexibility, safety and
prevent overloading of existing infrastructure
[44].

5. Difficulties in Accepting Machine Learning
for Voltage Stability
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All the same its promise, machine learning-
based voltage stability assessment has a number
of issues that need to be resolved for successful
application. The problem of data quality and
unavailability is one of the must biggest
obstacles. The quality and generalizability of
machine learning models are impacted by the
lack of high-resolution voltage stability datasets,
which calls for the creation of sophisticated data
augmentation techniques and synthetic data
production methods [23]. Inadequate
measurement infrastructure frequently limits the
amount of trustworthy historical data available
for machine learning model training, especially
in areas where real-time monitoring systems are
not yet fully implemented.

Another obstacle to using machine learning for
voltage stability research is computational
complexity. Furthermore, effective deployment
takes more time and effort due to the necessity
of hyper parameter tuning and model
optimization, underscoring the significance of
good feature engineering and model selection
strategies [47]. Since power system data is
frequently high-dimensional and constantly
changing, processing it in real time requires a lot
of computing power. In power grids with
limited processing capacity, implementing deep
learning models which demand significant
computational resources can be especially
difficult. Research has addressed this by
concentrating on explainable artificial
intelligence (XAI) methods that seek to shed
light on how models produce stability
evaluations, such as SHAP(Shapely Additive
Expansions) and LIME (Local Interpretable
Model-agnostic Explanations) [47]. One of the
most important issues with machine learning
applications for evaluating voltage stability is
still model interpretability. Since many deep
learning models function as black-box systems,
it might be challenging to comprehend how they
make decisions. The trustworthiness and
dependability of ML-based judgments in
operational contexts are called into question by
this lack of explain ability.

Because system flaws could be used to
jeopardize grid operations, it is also central to
ensure the presence of cyber security and data
privacy in ML-driven voltage stability solutions.
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Significant technological and legal obstacles
also exist when integrating machine learning
into the current power system infrastructure, for
that could help matters a lot. Adherence to
industry standards and interoperability with
older grid management systems are prerequisites
for the use of ML-based voltage stability
technologies. Researchers, policymakers, and
industry stakeholders must work together to
create strong frameworks for the use of machine
learning in voltage stability monitoring and
assessment in order to overcome these obstacles
affecting the stabilization state in full[34].

6. Encounters in Accepting Machine Learning
for Voltage Stability is Overwhelming
Although ML approaches have shown a very
high promise in that of the predicted voltage
stability analysis, these issues must be resolved
for them to be used successfully[48]. Data
scarcity, the computational complexity, and that
of the model interpretability are some of the
obstacles to the use of machine learning (ML) in
voltage  stability  evaluation. ML-driven
approaches can be more  successfully
incorporated into Nigeria's electricity system by
the means of strengthening model explain
ability, optimizing computing efficiency, and
improving data collection methods[36].

The accuracy of ML-based stability
assessments is impacted by the Northern states
of Nigeria's low deployment of PMUs and other
real-time monitoring devices, which is made to
limit access to high-resolution data. The absence
of a complete and high-quality datasets needed
for model training is one of the main obstacles
to the adoption of machine learning today. In
order to address this problem, there is a need for
a realistic stability scenarios for model training
that can be produced using synthetic data
generation techniques as generative adversarial
networks (GANs) and data augmentation
approaches [35]. Furthermore, for the quality
and diversity of training datasets which can be
improved by using smart meter readings, DERs
and historical voltage profiles [23].

Another difficulty in power system applications
is the computational complexity of machine
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performance computing infrastructure that is
required to process enormous volumes of real-
time data is not available to many Nigerian
power utilities. The lightweight machine
learning methods for example, extreme gradient
boosting (Boost) and ensemble learning
strategies can be used to overcome this
constraint by striking a compromise between
predicted accuracy and processing efficiency
[49]. Also, real-time voltage stability monitoring
can be made possible by utilizing edge
computing and cloud-based machine learning

platforms to lessen the strain on local
infrastructure [50].
Another significant issue is that of the

interpretability of complex machine learning
models, particularly deep learning architectures,
which frequently operate as a black-box
systems[51]. Hybrid approaches that integrate
ML with conventional physics-based stability
models can also improve interpretability and
accuracy, guaranteeing that ML-driven insights
are consistent with established power system
principles[52]. These methods are SHAP and
LIME and also can be used to shed light on how
ML models produce stability predictions, in
making them easier for engineers and operators
to understand. To establish confidence in the
ML-based decision-making, the grid operators
however, need to have models that are
transparent and explainable. The processes of
integrating ML models with smart grid
technology is essential to achieving the full
benefits of ML in voltage stability assessment.
Dynamic stability control can be made possible
by improving the real-time data collecting
through the wuse of advanced metering
infrastructure (AMI) and Internet of Things
(IoT) devices [25]. In the Nigeria's northern
states, ML and smart grid technologies can
greatly increase the high level of predictive
stability monitoring, lower outage risks, and
improve overall grid reliability. Additionally, by
continuously learning from that of the grid
circumstances and modifying control actions
accordingly, RL systems have demonstrated
promise in optimizing voltage regulation tactics

[1].

learning models, especially deep learning
methods. Such of which are the high- 7. Applications of Machine Learning for
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Voltage Stability

Power systems have been using ML more and
more to improve the must good and acceptable
assessment and control of voltage stability. ML
models lends an aid for a precise forecasts,
hence, early warning systems, and optimal
control strategies by utilizing large datasets and
sophisticated computational approaches. By
engaging and incorporating ML into voltage
stability —monitoring, instability risks are
reduced, grid resilience is increased at a point in
time, and overall power system reliability is
improved. There are several main uses of
machine learning in voltage stability are said to
include the following[33]:

i. Voltage Stability Prediction and Quick
Warning Stems

In order to forecast voltage instability and
provide early warnings prior to a collapse,
machine learning  algorithms are  more
frequently employed. Based on the past and
present data, supervised learning algorithms
such as ANNSs, decision trees, and SVMs have
been used to completely categorize power
system situations as stable or unstable [53].
Time-series data analysis using deep learning
models, specifically RNN and LSTM networks,
has shown successful in identifying patterns of
voltage instability. These models allow
operators to take corrective action and stop a
very widespread voltage collapse by giving
early warnings[20].

ii. Feature Selection and Dimensionality
Reduction

Techniques for feature selection and the
dimensionality reduction are decisive for
increasing model efficiency since power system
data is of high-dimensional composition. By
their identifying the most important factors
influencing voltage stability, machine learning
techniques those of which are principal
component analysis (PCA) and auto encoders
lower  computational  complexity — without
sacrificing predicted accuracy[51]. By the aid
of enabling engineers to concentrate on
important system characteristics that affect
voltage stability, feature selection techniques
also improve interpretability[51].
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iii. Dynamic Control and
Optimization

RL is one of the ML technigues that have been
investigated for well-known adaptive voltage
control and optimization. RL-based controllers
continuously learn from the grid conditions and
modify control actions to maintain voltage
stability. RL models optimize reactive power
compensation and voltage regulation devices,
reducing voltage fluctuations and improving
dynamic stability [54]. Hybrid ML approaches
that combine deep learning with conventional
optimization techniques, e.g. particle swarm
optimization (PSO) and that of the genetic
algorithms, have also been used to improve

voltage control mechanisms [55].

Voltage

iv. Emergency Analysis and Risk Assessment
Machine learning has been used in the aspect of
contingency analysis to evaluate how various
system disturbances can tend to affect the
positive  influence  in  voltage  stability.
Probabilistic machine learning models, such as
ensemble learning techniques and Bayesian
networks, aiming in quantify the likelihood of
instability under different operating conditions
[56]. These models are made to provide risk
assessments that allow grid operators to
prioritize corrective actions and get them put
preventive strategies into place to reduce the
risks of voltage instability at all angle.

v. Incorporation of Renewable Energy and
Distributed Generation

Power system operators can reduce the influence
of voltage fluctuations caused by renewable
energy variability at all cost in combining ML-
based forecasting with voltage control strategies.
Moreover, the ML technigues can enable the
optimal placement and operation of DERs to
improve local voltage support. The intermittent
nature of renewable energy sources, such as
wind and solar, creates challenges for voltage
stability. ML models aid in forecasting patterns
of renewable energy generation and evaluating
their impact on grid stability system [57].

vi. Smart Grid and Real-Time Monitoring
This endless leading advancement of smart grid
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technologies has enabled the real-time
monitoring of voltage stability using ML-based
analytics. With the intense deployment of loT
devices, phasor measurement unit (PMUs) and
AMI, ML algorithms process streaming the data
to detect voltage instabilities and predict
potential  failures [53]. Edge computing
combined with that of ML models can enable
decentralized voltage stability —monitoring,
reducing response times and improving grid
resilience for it upkeeps.

vii. Fault Sensing and Anomaly Detection
Voltage instability can be caused by anomalies
in power systems, such as equipment failures,
cyber attacks, and abrupt changes in load. ML
models, especially deep learning-based anomaly
detection  techniques[58],  detect irregular
patterns in voltage signals and warn operators of
possible faults [59]. CNNs and auto encoders
have been used to detect abnormal voltage

conditions and efficiently classify  fault
events[60].
8. Conclusion

In Nigeria northern states as a region, where the
power system is still under stress conditions
from deteriorating the aspect of the distribution
networks, the current existing reactive power
shortages, and rising load demand, at which the
voltage stability is still a major problem that has
to be given a proper consideration. Frequent
voltage swings brought on by these difficulties
have a detrimental effect on home or so called
domestic energy supply, the industrial output,
and that of grid reliability as a whole. Although
ready to lend a hand, as the traditional methods
for evaluating voltage stability are known to be
frequently insufficient to manage the complexity
of contemporary power systems, requiring the
application of more sophisticated analytical
tools. Because ML can scan massive datasets,
detect patterns of instability, and give grid
operators predictive insights, its integration into
voltage stability evaluation has attracted a lot of
attention at every point in time.

The success of ML models depends very heavily
on high-quality training data, and in many cases,
the data augmentation techniques or that of
synthetic data generation may be required to
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of its potential, the trending application of ML
in voltage stability monitoring presents a large
number of challenges that must have to be
addressed  for  effective  implementation
including the high computational cost associated
with complex ML algorithms, which makes

real-time stability assessment difficult,
especially in power networks with limited
processing capabilities.

Since many of the ML-based techniques,

especially DL models, functions as opaque
black-box systems with no readiness to get
employed the attention of decision-making
transparency, model interpretability is another
essential concern. For grid operators and
regulators to embrace ML models, it is essential
that they vyield results that are reliable and
comprehensible. The integration of explainable
Al (XAI) approaches should be one of the major
concern in the main focus of research efforts in
order to increase the transparency of stability
evaluations powered by machine learning.
Furthermore, to guarantee the dependability and
generalizability of ML models across various
grid conditions and operational scenarios, an
acceptable strong validation techniques and
exacting performance evaluation metrics must
be developed such as accuracy, precision, and
F1 score and more.

In order to facilitate the processes of adoption of
ML-based voltage stability solutions,
cooperation  between  researchers, industry
stakeholders, and regulatory authorities will be
vital to get harmonized for a more secured and
reliable scheme. By their tackling these issues
and together with the advancement of ML
methodologies, the power sector can improve
grid resilience, improve voltage stability, and
support the sustainable development of
electricity infrastructure in the Northern states of
Nigeria. Future research should prioritize the
development of region-specific ML frameworks
that are tailored to have the unique
characteristics of Nigeria's power system that is
made of including utilizing available local data,

incorporating hybrid ML approaches for
improved accuracy, and optimizing
computational efficiency  for real-time

implementation.

compensate for missing information. Regardless  Therefore, the predictive analysis, control
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optimization, and real-time monitoring are all
greatly enhanced by the use of machine learning
in voltage stability assessment. Power system
operators can be given the chances to improve
the integration of renewable energy sources,
reduce the risk of instability, and increase grid
dependability by utilizing ML-based techniques
for ease of high level of man thinking. For a
better broad wuse, however, issues which
including data accessibility, computational
complexity, and model interpretability need to
be resolved. Subsequent investigations ought to
concentrate on region-specific machine learning
frameworks that maximize voltage stability
solutions while guaranteeing scalability and
effectiveness for the well-being.
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