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1. INTRODUCTION

Notwithstanding the necessity for modernization and the electrical power grid's inability to
adequately fulfill 21st-century needs, the fundamental structure hasn't altered over time. The grid has been
further pressured by rising population and electrical usage, rendering its outmoded infrastructure unable to
serve the demands of the present [1]. The United States demand for and use of electricity have both increased
at a yearly average of 2.5% during the previous 20 years, according to the U.S. Government's Department of
Energy [2]-[4]. The old way of distributing power is unable to keep up with the rising demand and is riddled
with flaws, such as sluggish reaction times, an absence of real-time analytic tools, and poor situational
awareness. Inadequacies like this are to blame for recent blackout occurrences.

A brand-new idea called the "smart grid" has arisen to address the problems caused by the outmoded
electrical power system. The smart grid, also known as the smart grid or intelli grid, symbolizes an advanced
electrical power network for distribution that utilizes dual direction flows of electrical power as well as data
to create a computerized and centralized system for providing energy [5]. The traditional power grid supplied
electricity to a big client base from centralized sources. With its interconnected and distributed supply of
energy network that combines bidirectional flows of power and information, the smart grid (SG), in contrast,
marks a paradigm change. The internet of things (1oT), which serves as a key enabler for its functioning, is
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largely dependent on the smart grid's operation [6]. Furthermore, cyber-physical systems (CPS) are essential
to the smart grid because they make it easier to collect, share, and manage data and activities [7]. CPS are
crucial elements of the contemporary smart grid, revolutionizing energy distribution, and are distinguished by
their unique combination of computer and physical features.

The smart grid (SG) is a general term for an extensive electrical network that includes cutting-edge
technology including self-healing mechanisms, intelligent communication, and real-time monitoring. Its main
goal is to provide a steady and secure power supply while giving prosumers, who use and generate
electricity, and various alternatives. Due to its elaborate design and seamless integration of both physical and
computational components, the smart grid is regarded as a complex computerized physical system (CPS).
The smart grid follows a centralized strategy in contrast with conventional power systems, where a small
number of centrally located stations transmit energy to a wide variety of users [7]. Energy management and
distribution have undergone radical change as smart grids and CPS have replaced conventional power
systems over time.

There is no doubt that electricity is essential to human existence. Therefore, a crucial necessity for a
smart grid (SG) is to provide high dependability. The smart grid’s reliability and stability are essential since
many countries’ economies rely substantially on it [8]. Four basic pieces or components make up the
functional division of the current smart grid.

- Generation: There are several ways to generate electricity, including burning fossil fuels, capturing sun
and wind energy, and using nuclear reactors.

- Transmission: Electricity can be transferred over great distances from power plants to distribution
facilities thanks to a high-voltage electronic infrastructure.

- Distribution: The transmission of power from distribution hubs to companies, residences, and other
locations is the task of the distribution phase.

- Consumption: Electricity is used by end users, including businesses, households, and different sectors, for
a variety of tasks including running machinery, lighting, and home appliances.

Consumer reports are typically used in the conventional grid to identify outages [8]. Due to the
absence of precise methods for anticipating demand and demand reduction, forecasting and properly
matching subsequent generations with demand is a challenging challenge for utilities. In order to satisfy peak
demand, utilities frequently resort to over-generating energy, which raises prices and contributes to an
increase in greenhouse gas emissions. As a result of their intermittent nature, intermittent generating sources
like wind and solar electricity present extra hurdles when trying to be integrated into the grid architecture.

Smart grid technology (SG) has a number of benefits. By using intelligent communications, it makes
it possible to effectively control peak demand by using load shedding techniques, which eliminates the need
for extra generation facilities. Predictive analysis is possible using machine learning (ML) along with deep
learning (DL), even in situations when solar and wind power provide less energy. This enables utilities to
keep the supply of power balanced. The SG's capacity for intelligent demand prediction is further improved
by the inclusion of cutting-edge utility-scale storage technology. Customers may also receive and react to
price signals thanks to the SG, giving them control over their energy bills and assisting utilities in avoiding
building more generation facilities. Overall, these approaches lead to a significant reduction in costs for both
power generation and consumption within the smart grid [8]. Because there isn't much sunshine at night,
solar PV has a low factor of capacity of 10-20%. As a result, more developed photovoltaic (PV) capacity is
required to generate the same quantity of power as other energy sources [9]. In the ASEAN region, where
numerous nations have abundant wind turbines and are striving to broaden their energy sources, wind energy
encounters a lot of potential. The speed of the wind and the dimension of any prospective wind turbines
determine how much wind can be produced at a certain location [9]. Rest of the paper is outlined as follows:
i) section 2 talks about the different methods used in this process, ii) section 3 talks about the advancement is
smart grid, iii) section 4 talks about emerging machine and deep learning technologies in the smart grid,
iv) section 5 sheds light on the limitations of machine and deep learning applications in smart grid, and
V) section 6 concludes the paper.

2. METHODS

The methodological approach used in this study takes into account several aspects of 10T integration
in smart grid technologies, the structure of a smart grid, and the use of machine learning and deep learning.
while the network layer creates communication linkages and the application layer analyzes data to create
intelligent services, data gathering for 10T integration requires sensors and devices capturing variables like
voltage, current, temperature, and system status. Data kinds, communication connectivity, and overall
efficacy are all included in measurements. Component identification, interconnectivity evaluation, data and
information flow analysis, and security measure inquiry are steps in studying the anatomy of a smart grid,
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with measurements emphasizing interoperability, real-time data flow, and security effectiveness. The
methodology for the machine learning and deep learning investigation includes a literature review, data
collection, algorithm selection, model training, performance evaluation, and discussion of future research
directions. Measurements include algorithm performance metrics, data sets, and requirements for future
research. The extent of the investigation is finally affected by constraints and limitations, such as data
accessibility and processing capacity. Key discoveries and contributions are summed up in the section's
conclusion.

2.1. Using loT to advance smart grid technology

The internet of things (10T) ongoing development has made it possible to solve the changing smart
grid's difficulties with solutions. The development of intelligent services that have become necessary for the
operation of the smart grid is made possible by loT-enabled technologies. The capabilities of the smart grid
have been greatly improved, and progress has been made as a result of the integration of loT.

The smart grid's 10T design unifies various layers, making it possible for effective data collecting,
communication, and analysis. This improves the grid's functionality and effectiveness [10]-[12].
- Perception layer: It collects data from sensors and devices present in the smart grid.
- Network layer: This layer enables communication and connectivity between different devices and

components of the smart grid.

- Application layer: It utilizes the collected data to provide intelligent services and applications.

10T technologies, which provide a variety of applications, are now essential to the operation of the
smart grid. They are used for deploying smart patrols, managing g electric cars, supporting smart homes, and
monitoring power transmission lines. 10T technologies are also essential for the smart grid's network
architecture, management of network security, maintenance and operation, data gathering, surveillance of
security, measurement, and user engagement. loT applications have a huge potential and may be used for all
aspects of the electrical power system, particularly energy production, transmission, conversion, distribution,
and use [13].

2.2. Anatomy of a smart grid, components, and connectivity

The modern smart grid is built with computerized regulatory systems, cutting-edge energy
management techniques, advanced communications infrastructure, power converters, monitoring and
measuring technologies, and the structural support needed to ensure reliable and efficient energy
transmission. It is significant to highlight that this current smart grid architecture differs noticeably from the
traditional grid and is far more complex. Figure 1 shows how the contemporary smart grid, which
replaced the conventional grid, has communication capabilities, sophisticated controls, and a decentralized

distribution system.
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Figure 1. Anatomy of a smart grid
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The grid system's many parts are connected to one another utilizing detecting nodes and
communication paths to promote interoperability, as shown in Figure 1. Real-time data and information
analytics are essential in the framework of the SG in order to guarantee a continuous and dependable energy
distribution from power producing sources to users. In the case of equipment failures, natural catastrophes, or
power outages, the SG system provides protection via real-time condition tracking, diagnostics, and outage
monitoring. The SG system's real-time condition tracking and diagnostics quickly identify problems,
allowing for immediate intervention. Its monitoring capabilities enable rapid response during outages or
disasters, ensuring minimal disruptions and efficient restoration efforts [14]. For safe information transfer
and storage, which is necessary for billing purposes, automated control mechanisms must exist inside the SG
framework. The internet of things (1oT) is a large network made up of an increasing number of internet-
connected devices, making it essential to create strong security measures to thwart unwanted cyberattacks.

The following part of this paper explores a comprehensive investigation of the application of
machine learning along with deep learning uses in the context of the SG. We next move our attention to
talking about the potential future directions for this field's progress. We also offer a thorough review of the
constraints imposed by the ongoing research projects. Finally, we summarize the results and provide a
comprehensive summary of the study to wrap up our work.

3. SMART GRID ADVANCEMENTS

ML and DL are establishing themselves as revolutionary technologies for analyzing the big data
created by the underlying 10T devices, critical infrastructure, and enormous communications system in order
to accurately understand and make timely decisions to manage the SG. The phrase "big data" refers to the
vast amount of statistical data that needs to be gathered, handled, managed, and evaluated utilizing
increasingly advanced techniques [15]. The term "machine learning" refers to suggestions based on readily
available information and continuous learning. It is composed of a variety of algorithms that examine data
before applying a set of rules to make judgements or predictions about the current state of affairs. Artificial
neural networks, a type of algorithm used in deep learning, are inspired by the architecture and functioning of
the brain [15]-[17]. In the domain of SG, ML, and DL functions include forecasting regarding.

- Sustainable electrical power generation: algorithms using machine learning and deep learning forecast
demand patterns, the production of renewable energy sources, and grid stability to optimize energy
generation.

- Value forecasting the future: To anticipate energy prices, ML and DL models examine past information
and market variables. This enables efficient pricing schemes and demand response initiatives.

- Consumption of electricity analysis: To find potential for energy savings, to improve load balancing, and
to make demand forecasting easier, algorithms using machine learning, and deep learning examine
consumption trends.

- Anticipatory fault identification: Self-restoring capabilities on grid failure [18], and machine learning and
deep learning models identify anomalies and structures in grid data to identify errors or malfunctions in
the electrical infrastructure [19], enabling preventative repairs and minimizing downtime.

- Optimization of constituent sizing: Based on system requirements and load requirements, ML and DL
approaches help determine the best size for grid components like transformers and capacitors.

- Initial identification of network abnormalities: ML and DL algorithms keep an eye on network data
for anomalies like aberrant power flows or voltage changes, allowing for the early identification of
possible problems.

- lllegal behavior identification: ML and DL models spot anomalous patterns of consumption
or meter manipulation, assisting in the identification and prevention of energy theft and other fraudulent
activities [20].

- Cybersecurity breach recognition: To identify and stop cybersecurity risks, ML and DL algorithms
analyze network data to find suspicious activity. ML and DL algorithms act as vigilant watchdogs,
analyzing network data in real-time to quickly identify and mitigate potential cybersecurity threats in the
smart grid system. Their ability to detect anomalies ensures proactive detection and immediate response,
protecting the grid from evolving cyber risks [21].

- Optimal schedule optimization: To maximize efficiency and cost-effectiveness, ML and DL algorithms
optimize the scheduling of energy resources by taking into account variables including generation
capacity, demand, and market circumstances.

- Improving the dependability of the smart grid: To guarantee the stability and dependable functioning of
the smart grid, ML and DL approaches monitor system parameters, forecast possible stability concerns,
and optimize control measures.
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In the subsections that follow, we'll go deeper into the primary ML and DL application sectors
within the context of the smart grid. These fields cover energy security and planning, along with smart grid
security. We will next go over the other ML and DL fields of application within the context of the smart grid.

Figure 2 represents the numerous applications of machine learning (ML) in smart grids. It depicts
how ML and deep learning (DL) technologies are used in a variety of applications, including sustainable
power generation prediction, energy consumption analysis, fault detection, cybersecurity breach detection,
and scheduling optimization. This visual aid provides a comprehensive overview of how machine learning
and deep learning algorithms contribute to improved grid efficiency, reliability, and security by leveraging
data analytics and predictive capabilities to manage and optimize smart grid operations.
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Figure 2. Applications of machine learning (ML) in smart grids

3.1. Improving energy forecasting through ML and DL techniques

An important renewable energy source, solar energy has challenged such topographical variances,
seasonal fluctuations, and weather conditions. To gather exact information on energy generation, accurate
forecasting is crucial. Similar difficulties are encountered with electricity generation and transmission by wind
power, an energy source that is expanding quickly, including varying wind speeds that cause output swings.
The smart grid may become unstable as a result of such causes, emphasizing the importance of precise
forecasting. These issues are addressed with forecasting models that use ML along with DL. The ML and DL
algorithms created for energy prediction in the smart grid are listed in Table 1 as an overview.

Table 1. Improving energy forecasting through ML and DL technigues

Ref.  Year DL/ML technique Application Contribution
[22] 2006 Neuro-adaptive fuzzy inference Wind forecasting for Advancements in wind forecasting using
electricity generation neuro-adaptive fuzzy inference
[23] 2006 Neural networks with recurrence Predicting perpetual wind Improved prediction of perpetual wind
power and velocity power and velocity
[24] 2012 Fuzzy computational modeling Short-term power Development of a short-term wind farm
production forecasting power production model
[25] 2008 Simulated neural systems assist Investigation and Enhanced methods for wind energy
forecasting of wind energy ~ production investigation and forecasting
[26] 2013  k-nearest neighbors (k-NN) Very temporary wind Prediction techniques for very short-term
speed prediction wind speed
[27] 2013  Support vector algorithm (SVM), Conventional power Improved precision in conventional
multi-layer perceptron (MLP), and forecast enhancement power forecasting
least median square (LMS)
[28] 2014 Unconventional training algorithm Regional solar radiation Innovative approaches for regional solar
levels forecast radiation forecasting
[29] 2016 Support vector regression (SVR) and Photovoltaic system power  Enhanced prediction of electricity
artificial neural networks (ANN) prediction generation from solar PV systems
[30] 2017 Asymmetric improving, random forest ~ Sun radiation forecast Improved forecasting of solar radiation
and regression tree algorithms
[31] 2016 Support vector regression (SVR), Ultraviolet radiation Advanced techniques for forecasting
gradient boosted regression (GBR), prediction ultraviolet radiation parameters
and random forest regression (RFR)
[32] 2010 Fuzzy logical frameworks and neural Worldwide sun irradiance Development of models to estimate global

networks

parameters

sun irradiance parameters
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3.2. Enhancing security in the smart grid with ML and DL applications

Before using ML and DL to defend the SG, it is essential to understand the security objectives and
requirements which any SG should meet. By fulfilling these objectives and requirements, the SG can offer an
energy distribution system that is dependable and secure. Ahead to implement ML and DL for SG defense, it
is critical to define the security objectives and requirements that ensure the resilience of the SG. These goals
include ensuring the security, integrity, and availability of critical grid infrastructure. By meeting these
requirements, the SG can build a strong energy distribution system that ensures reliable operations and
protects against potential cyber threats, ensuring uninterrupted energy supply and protecting against
vulnerabilities in the grid's ecosystem. Understanding and aligning with these security goals is the foundation
for deploying ML and DL to fortify the SG against evolving cyber security risks.

3.2.1. Obijectives of smart grid security measures
As discussed in [33], a smart grid should strive to meet the following three main security objectives:

- Confidentiality: Restricting unauthorized access to and disclosure of private data and information
exchanged throughout the smart grid.

- Transparency: Preventing unauthorized tampering or adjustments to guarantee the reliability and accuracy
of the data and information contained in the smart grid.

- Accessibility: Ensuring that, despite disruptions or attacks, the intelligent grid infrastructure, and its
constituent parts continue to function constantly and are available to provide uninterrupted energy
distribution.

Meeting all three of these critical security requirements is critical to assuring timely and dependable energy

delivery.

3.2.2. Requirements for ensuring smart grid

Security prerequisites for ensuring the security of the smart grid further to the aforementioned
sophisticated safety objectives, the following safety specifications that cover a significant number of the
elements of physical, network, and cyber security that are associated with SG, including the development and
operation of massive network infrastructure required for energy delivery, must be met [4], [33].

- Verification and authentication: To ensure security access to vital resources, all devices and individuals
inside the SG network's structure must be verified and authenticated.

- Access protection: Use of strong security measures to limit access to authorized employees only.

- Highly encrypted communication protocols: Acceptance of dependable and safe methods of
communication to protect the privacy and integrity of passed on information.

- Threat recognition: With the enormous network of communications spanning a wide region, thorough
techniques for filtering, evaluating, and keeping track of network traffic are necessary to find and
recognize any discrepancies or prospective attacks.

- Self- repair abilities: The SG system and other crucial components should be able to independently
recover and go on running in the case of a malicious attack, including a distributed denial of service
(DoS) assault.

The infrastructure of the smart grid will be enhanced with the defenses required to successfully stop
cyberattacks and mitigate their consequences by meeting these safety objectives and requirements. By
implementing security measures including identification and authorization, control over access, secure
communication protocols, surveillance and mitigation, and self-healing systems, the smart grid will become
more secure overall. These processes ensure data integrity, protect the privacy of extremely sensitive data,
and keep vital resources accessible. With the aid of these safety precautions, the smart grid can operate with
resilience and successfully fend off cyberattacks.

3.2.3. Enhancing smart grid security through ML and DL applications

For the smart grid to operate at its best, there must be consistent and reliable network connectivity.
But continued network connectivity also reveals potential holes that dishonest parties can take advantage of.
To address these security issues, several ML and DL programmed have been developed and put into use to
enhance the safety of the smart grid. These programs employ highly developed approaches and algorithms to
identify and get rid of any cyber threats. Table 2 lists the ML and DL applications developed specifically to
safeguard the smart grid.

3.3. Expanding the spectrum of ML and DL applications in smart grids

This section looks at the various fields other than predicting for security and energy production
where ML alongside DL methodologies have been successfully applied. We highlight the several fields
where in ML and DL are now being actively used by looking at the literature that is currently accessible. We
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also look at the connections that ML and DL may make with other complementary technologies like big data,
blockchain technology, fog computing, cloud-based computing, and edge computing [34]-[37]. A brief
description of major ML and DL implementations across many fields is provided in Table 3.

Table 2. Securing smart grids: machine learning applications

Ref.  Year DL/ML technique Application

[34] 2019 Support vector machine alongside k-  Finding sneaky exploits using fraudulent information dumping
nearest neighbors

[35] 2014  Support-vector machines, random Identifying numerous types involving electricity system interruptions and

forest models, and naive bayes breaches
principles

[36] 2019 Remote forest Monitoring SG network communications for discrete malicious data attacks

[37] 2018 SVM or support vector machine Using data gathered through the SG connecting system, identifying

sophisticated cyber manipulation attacks

[38] 2017 Artificial neural networks, machine Identification of attacks on intrusion using data acquired from synchro phasor
learning, support vector machines, devices

random forest machines, reasoning
trees, and naive bayes categorization

[39] 2019 Recurring neuronal systems identifying fraudulent activity in a renewable energy system built on

blockchain technology and preventing hacking attempts

[40] 2017 Model of a Gaussian mixture For identifying bogus malware injections, researchers use quantitative

detection of anomalies

[41] 2018 Perpetual neural network training Find vulnerabilities using fraudulent information injection (FDI) against SG's

[42] 2019 Strategies for autonomous machine A scalable anomaly detection engine that is suitable differentiating cyber-
learning attacks

[43] 2014 System supporting vectors Identifying and detecting stealthy attacks

[44] 2014  Artificial neural network To document energy theft and study statistics on usage of energy.

[45] 2017 Convoluted neural systems with an Processing data aimed at screening for power theft

extensive variety of nodes
[46] 2018 Auto-encoder protection of the ac power systems from sporadic cyberattacks using periodic
condition measurement
Table 3. Expanding the spectrum of ML and DL applications in smart grids

Ref.  Year Application

[41] 2020 To forecast the stability of the smart grid network, our ground-breaking multidirectional long short-term memory
(MLSTM) method applies gated recurrent units (GRU), long short-term memory (LSTM), and recurrent neural
networks (RNN) machine learning models. Accuracy and performance are improved because it captures temporal
dependencies. Our study aids in the smart grid's dependable network functioning.

[45] 2019 SG's can identify network threats and fraudulent transactions using a revolutionary deep learning and blockchain-
based energy architecture that uses recurrent neural networks.

[46] 2013  Customizable and quick predictions of demand are made possible by the smart electricity system CPS structure, which
makes use of cloud technologies. To precisely forecast patterns of power usage, it uses models based on machine
learning that have been trained on big datasets.

[47] 2020  Our system uses machine learning, smart meter readings, sensor processing, and blockchain-based methods to quickly
and precisely identify irregularities in power use. These technologies can be combined to improve detection
capabilities and maintain system integrity

[48] 2020 A unique combination artificial intelligence identification approach was recently created to analyses the power
consumption behavior profile of electrical vehicles (EVs) by combining cloud-based technology and fog computing
technologies. This technique makes it possible to precisely identify target EVS depending on how they charge.

[49] 2020 In smart grids, cloud computing is used to provide loT big data analytics enabling home energy regulation. This
connection enables effective analysis and processing of massive amounts of data gathered from internet of things
(10T) devices, which improves domestic energy efficiency.

[50] 2019 To handle and analyze smart grid information at the network edge, edge computing and analytics and data

management tools are used. This method reduces latency and enables real-time insights by moving data processing
capability closer to the data source. Edge computing can help the smart grid analyze data more quickly, be more
effective, and make better decisions for managing and operating the grid.

4, EMERGING PATHS FOR ML AND DL APPLICATIONS

In smart grids ML is still a helpful tool for the interpretation of enormous volumes of statistical
information in the power sector. It boosts forecasting accuracy, making it easy to identify patterns in demand
and production, and facilitates the adoption of effective management strategies. Researchers are continually
examining cutting-edge ML strategies to increase both effectiveness and accuracy in these fields. There is a
great deal of promise for utilizing data-driven insights to enhance power systems and boost efficiency as
algorithms and methods for ML continue to advance. To effectively deploy and analyze big data in the smart
grid, research and development efforts are required to enhance the interconnection between devices, data
analytics tools, and data repositories.

Transformation and future trends of smart grid using machine and ... (Khairul Eahsun Fahim)
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- Utilizing diverse data sources: To utilize multiple sources of big data, sophisticated apps need to be
developed. This will make it possible to analyze thoroughly how dependent vital infrastructure is on
power networks and to find useful data.

- Forecasting algorithmic improvements: DL and ML are two examples of artificial intelligence techniques
that need to be further optimized if we want to reduce our reliance on human input in decision-making
processes. The flexibility of ML models will be more crucial as the quantity of data generated through the
smart grid rises [51].

- Interaction with facilitating technological advances: To improve efficiency, dependability, safety, cost
savings, and performance, data analysis algorithms must be readily integrated with cutting-edge
technologies like cloud computing, the blockchain technology, fog computing, and edge computing.

- Incorporation of real-time administration and operations: Analytics in real time must be integrated into
smart grid systems to enable proactive grid management and ongoing scenario monitoring. Future
research should prioritize the simple integration of statistical evaluation into instantaneous procedures.

5. LIMITATIONS OF ML AND DL APPLICATIONS IN SMART GRIDS

Exploring the information that underlies them is the only way to discover significant information as
well as discovering novel answers to many challenging problems that cannot be handled using conventional
methods. However, because of their extensive infrastructure and labor-intensive nature, ML and DL-based
systems may run into problems including learning from imbalanced data, comprehension concerns, and
transfer learning issues, among others.

The electric power grid's safety is a very active area for study and development. Security must come
first when designing and building the smart grid since it will be connected with energy systems. The smart
grid is made up of a complex communications architectural network with a range of devices and standards
that are all connected to the greater internet.

In order to ensure security and scalability within a distributed energy system, specialized safety
measures that are expressly designed for the unique network applications within the smart grid are required.
Studies on cybersecurity are essential in this situation since the smart grid's infrastructure requires robust
protection against cyberattacks and vulnerabilities. The interconnection of the smart grid's components and
its reliance on outside networks necessitate sophisticated safety measures [52]. To effectively address the
security concerns particular to smart grids, the research and development of encrypted methods of
communication, protocols, and infrastructures is the key focus. Making sure the smart grid design is
dependable, safe, and trustworthy is part of this. Making a safe smart grid requires taking an anticipatory
approach and factoring security considerations in right from the start. By building a comprehensive design
with security as the main premise, the electrical grid of the future may be better equipped to handle the
security requirements of its crucial infrastructure.

The requirement for comprehensive security measures to prevent cyberattacks and vulnerabilities is
one of the major issues facing smart grids. The creation and application of sophisticated cybersecurity
measures especially designed for smart grids is a potential remedy for this problem. To successfully detect
and address security threats, this includes designing intrusion detection systems, anomaly detection
techniques, and real-time monitoring solutions [53]. Additionally, ongoing research into secure
communication protocols and encryption techniques can improve the security of critical data within the smart
grid network. Smart grids can considerably increase their resilience and reliability in the face of evolving
cybersecurity threats by adopting a proactive security approach from the early design phase and including
these cutting-edge security features.

Research and development in the area of smart grid security are underway. Specialized security
procedures and protocols are required to meet the unique challenges given by the communications network of
the smart grid. Cybersecurity is crucial to defending the smart grid from potential threats. An attempt is being
made to enhance security protocols in order to maintain a robust and reliable smart grid construction.

6. DISCUSSION

Future implications of the adoption of ML and DL techniques in smart grids include improved
energy forecasting accuracy, grid resilience against cyber threats, seamless integration with emerging
technologies like blockchain and edge computing, improved data utilization from a variety of sources, and a
potential shift away from human reliance in decision-making processes. In order to optimize energy use and
protect grid dependability, improved forecasting and real-time security measures are becoming increasingly
important. More effective energy management is made possible by the synergy of developing technologies,
and overcoming current obstacles will be essential to maximizing the promise of ML and DL and improving
the adaptability of smart grids to the needs of a changing energy landscape.
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7. CONCLUSION

The power grid is moving to an loT-based, connected smart grid, and with the benefits of such a
system come risks that were previously unheard of. For proper management and data extraction, the smart
grid's massive data necessitates modern analysis approaches such as machine learning algorithms. The linked
devices and data they generate are also highlighting the severe need for effective protection, as they are being
targeted to attacks of varied magnitudes, highlighting the lack of proper counter-measures in place. In this
research, we reviewed and synthesized machine learning and deep learning-based applications that have been
developed and introduced in relation to the smart grid. The smart grid's networked system and the data they
produce lead to a critical need for accurate analysis and the value it holds.

The information is primarily focused on the value of cybersecurity and specific safety measures in
the context of smart grids, which are essential for maintaining the security, dependability, and protection of
vital infrastructure. An intellectual contribution could include the development and implementation of new
cybersecurity protocols and infrastructures specifically adapted to smart grids, emphasizing a proactive
approach to security in smart grid system design and construction. This contribution could also include
research into novel ways of communication encryption and rigorous security processes to protect the smart
grid from potential cyber-attacks and weaknesses, thereby improving the electrical grid's resilience and
reliability. In conclusion, the study's findings were presented, summarizing the major machine learning and
deep learning-based applications based on the literature. We believe this will be helpful to other researchers
working in this field.
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