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Abstract 

Resilient Smart Grids are a big change in the way electrical systems work. They aim to make key structures 

stronger so that renewable energy can be used. This essay looks at the many aspects of improving electrical 

lines, focusing on resilience as a key factor in dealing with modern problems. Adding smart technologies is very 

important because it helps with being flexible and quick to respond to changing energy needs and unplanned 

problems. Adding advanced tracking, control, and communication technologies to standard grids turns them into 

smart grids, which are more reliable. These new technologies make it possible to analyze data in real time, 

which helps improve how energy is distributed and how it is used. AI and machine learning techniques help the 

grid predict, reduce, and recover from shocks, which makes sure that the energy supply is stable and efficient. 

Decentralized energy sources, like green energy and energy storage systems, are also easily merged. This makes 

it easier for the grid to handle changes and add more energy sources. Also, safety steps are very important for 

keeping smart grids safe from possible dangers. The paper goes into detail about how to build durable smart 

grids and stresses how important it is to have secure communication methods and strong infrastructure to 

protect against cyberattacks and keep important data safe and private. It is possible for energy environments to 

be sustainable with the help of adaptable smart grids that improve security, efficiency, and flexibility. In this 

paper, we look at the main developments, problems, and possible futures of resilient smart grids. We stress 

how important these grids will be in making future electricity systems more sustainable and able to adapt to 

changing energy environments. 

  

I. INTRODUCTION 

The way energy systems work around the world is 

changing in a big way toward sustainability. At the 

center of this change is the idea of Resilient Smart 

Grids. These grids are very different from traditional 

power systems because they use new technologies to 

improve key structures and make it easier to add 

renewable energy sources without any problems. The 

world needs to switch to better and more stable energy 

sources, and strong smart grids are a key way to make 

that happen [1]. They offer a level of flexibility and 

efficiency that has never been seen before. People are 

starting to use durable smart grids because they know 

that regular electricity systems have some problems. 

Traditional grids, which are made for a controlled, one-

way flow of power, have a hard time dealing with the 

extra complexity and unpredictability that green energy 

sources bring. As people move toward a more 

environmentally friendly future that relies more on 
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solar, wind, and other spread energy sources, it is more 

important than ever to have an energy grid that can 

adapt to changing needs. Innovations [2] in cutting-edge 

technologies that change how electricity systems work 

are at the heart of durable smart grids. The base is made 

up of advanced tracking, control, and transmission 

systems that make it possible to collect and analyze data 

in real time. Artificial intelligence (AI) and machine 

learning techniques are very important for turning all 

this data into ideas that can be used. With these 

technologies, the grid can predict changes in energy 

demand, improve distribution, and react quickly to 

problems, making sure that there is a steady supply of 

energy [3]. 

One of the main ideas behind smart grids that work well 

is decentralization, which is shown by connecting 

different energy sources. The grid is made up of energy 

storage systems and renewable energy sources that 

work together smoothly. Diversifying [4] the energy 

mix not only makes the grid better able to handle 

changing energy sources, but it also sets the stage for a 

more sustainable energy mix. Because of this, resilient 

smart systems help to add green energy sources, which 

lowers the damage that making and using energy does 

to the earth. The ability to change is one of the things 

that makes smart grids durable. You can change these 

grids to adapt to changing situations, like when energy 

demand and supply change. Resilient smart grids make 

the best use of resources, cut down on waste, and 

improve total energy economy by using predictive 

analytics and real-time tracking. This [5] flexibility is 

especially important for dealing with the intermittent 

nature of green energy sources and making sure there is 

a steady flow of electricity. Along with being able to 

change, smart grids' resiliency depends on how well 

they can handle and rebound from disruption. 

Cybersecurity is becoming an important part of this 

protection. Cyber dangers can affect smart grids 

because they depend on technologies and information 

networks that are linked together. It is very important to 

protect the security and privacy of data and keep it safe 

from possible problems. The paper goes into detail 

about the design principles and best practices for safety 

in durable smart grids, noting that this is an important 

part of making the grid work in the long term. 

In addition, the [6] use of microgrids shows how strong 

reliable smart grids can be. Microgrids, which are 

smaller energy systems that can be controlled locally, 

help make the system more resilient by letting it work 

on its own during power blackouts and other problems. 

They can work on their own or link to the main grid 

without any problems, making the whole energy system 

more reliable and flexible. The development of durable 

smart grids is a turning point in the history of electricity 

systems. As the need for environmentally friendly 

energy options grows, these grids become very 

important for making things more flexible, efficient, 

and strong. The purpose of this paper is to look into all 

the different parts of resilient smart grids, from how 

they work technologically to what effects they have on 

incorporating sustainable energy. This paper tries to add 

to the larger conversation about changing energy 

settings for a more sustainable and secure future by 

working through the complexities of these grids. 

II. REVIEW OF LITERATURE 

A lot of study has been done on the many aspects of 

durable smart grids because they are seen as very 

important for changing basic electricity systems. The 

topics covered in these connected works range from 

new technologies to policy frameworks. Together, they 

help us get a full picture of the problems and chances 

that adaptable smart grids bring. One line of linked 

study looks at the technologies that make smart grids 

reliable. The advanced sensors, transmission methods, 

and control systems that make up the core of these grids 

have been studied in depth [7]. For example, research 

has looked into how Internet of Things (IoT) devices 

can be used to improve data processing and real-time 

tracking. These technologies allow smart grids that are 

reliable to collect and process huge amounts of data. 

This lets people make smart decisions and improves the 

way energy is distributed. 

Machine learning and artificial intelligence (AI) [8] 

have become important parts of smart grids' technology 

tools. A lot of work has gone into making complex 

algorithms that allow for predictive analytics, flaw 

detection, and adaptable control methods. These AI-

based methods make it easier for the grid to predict and 

deal with problems, which makes sure that the energy 

supply stays steady. Also, [9] studies have looked at 

how these AI-driven solutions can be scaled up and 

used with different electricity systems, figuring out the 

problems that come up when trying to do this. 

Researchers have looked into how to add green energy 

sources to smart grids that are strong at the same time 

that technology has improved. Solar, wind, and other 

spread energy resources need to be easily combined in 

order to move toward a healthy energy future. Studies 

that look into how to best use green energy in smart 

grids that are adaptable show how important it is to 

balance changes in both supply and demand. Also, 

works that are connected stress the importance of 
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energy storage systems, like batteries, in making the 

grid more stable and lessening the variability of green 

energy sources [10]. The strength of smart grids 

depends on their natural ability to handle and rebound 

from problems, such as online dangers. As a result, a lot 

of study has been done on the safety parts of smart grids 

that are durable. Researchers have looked at the weak 

spots in systems that are linked to each other and come 

up with strong encryption methods, safe communication 

protocols, and attack detection systems. The goal is to 

protect vital assets and make sure that data 

transmissions are secure by making the grid stronger 

against possible cyberattacks. 

Another area [11] of linked study is policy structures 

and legal issues. As smart, adaptable grids become 

more important to national energy systems, lawmakers 

are trying to figure out what changes need to be made to 

the rules so that they can work with these grids' 

changing needs. Policy changes that support the use of 

durable smart grid technologies, promote investment in 

sustainable energy solutions, and guarantee a fair and 

safe energy shift have been looked into in studies. Also, 

linked works go into detail about how strong smart 

grids affect the economy. Economic models, cost-

benefit estimates, and feasibility studies help us figure 

out if putting these grids in place on a larger scale 

would be financially feasible. Researchers look into the 

possible economic gains that could come from using 

energy more efficiently, reducing downtime, and 

making the best use of all energy supplies. The [12] 

study that has been done on adaptable smart grids 

comes from a lot of different areas. Each one helps us 

understand their importance and the problems that come 

with putting them into action. Together, these studies 

move the conversation about changing core electrical 

systems for a sustainable and secure energy future 

forward. They do this by looking at everything from 

new technologies to policy issues and economic effects. 

As adaptable smart grids keep getting better, this study 

lays the groundwork for future work and helps make 

sure that these game-changing technologies are used in 

all energy systems around the world. 

Table 1: Related work in smart grids 

Method Finding Key Value Area Application Limitation 

IoT Integration 

[13] 

Real-time 

monitoring 

Enhanced data 

acquisition 

Technological 

Foundations 

Smart grid 

management 

Scalability concerns 

AI and Machine 

Learning [14] 

Predictive 

analytics 

Proactive 

decision-making 

Technological 

Foundations 

Fault detection and 

adaptive control 

Interoperability 

challenges 

Renewable 

Integration [15] 

Balancing 

variable inputs 

Optimal use of 

renewable 

sources 

Sustainable 

Energy 

Integration 

Integration of solar, 

wind, and others 

Intermittency of 

renewable sources 

Energy Storage 

Systems [16] 

Grid stability Mitigation of 

energy 

intermittency 

Sustainable 

Energy 

Integration 

Battery integration 

for stability 

Cost and efficiency 

of storage 

Cybersecurity 

Measures [17] 

Vulnerability 

assessment 

Robust 

encryption 

methods 

Technological 

Foundations 

Secure 

communication 

protocols 

Potential cyber-

attack 

vulnerabilities 

Policy 

Frameworks [18] 

Incentivization Support for 

sustainable 

solutions 

Regulatory 

Considerations 

Government 

interventions 

Adaptation to 

evolving technology 

Economic 

Analysis [19] 

Cost-benefit 

assessment 

Enhanced energy 

efficiency 

Economic 

Implications 

Financial viability 

of implementation 

Initial investment 

costs 

Microgrid 

Integration [20] 

Localized control 

capabilities 

Enhanced overall 

grid resilience 

Technological 

Foundations 

Integration with 

main grid 

Limited scalability 

for large systems 

Data Analytics 

[21] 

Optimization of 

resources 

Actionable 

insights from data 

Technological 

Foundations 

Smart grid 

efficiency 

enhancement 

Data privacy 

concerns 

Resilience 

Metrics [22] 

Recovery from 

disruptions 

Measurable grid 

resilience 

Technological 

Foundations 

Assessing and 

improving grid 

resilience 

Lack of 

standardized 

resilience metrics 

Communication 

Protocols [23] 

Secure data 

transmission 

Ensuring 

confidentiality 

Technological 

Foundations 

Information 

exchange within the 

grid 

Compatibility with 

legacy systems 
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Demand 

Response Systems 

[24] 

Adaptive energy 

consumption 

Improved grid 

load management 

Technological 

Foundations 

Shaping user 

behavior for 

efficiency 

Limited public 

awareness and 

adoption 

Grid Flexibility 

[25] 

Dynamic 

response to 

conditions 

Adaptability to 

changing 

demands 

Technological 

Foundations 

Efficient handling 

of demand 

fluctuations 

Limited 

understanding of 

flexibility benefits 

 

III. TECHNOLOGICAL FOUNDATIONS 

As a result of their advanced tracking technologies, IoT 

integration, artificial intelligence (AI), machine 

learning, and strong communication protocols, durable 

smart grids are a big step forward in the field of 

electricity systems. Together, these innovations change 

what electricity grids can do, making them more 

flexible, efficient, and resilient. 

A. Advanced Monitoring Technologies:  

Resilient smart grids use advanced monitoring 

technologies to get information about the grid's state 

and performance in real time. A variety of monitors, 

meters, and tracking tools are carefully put throughout 

the grid system as part of these technologies. These 

gadgets give you detailed information about things like 

power levels, current flow, and the health of your 

equipment. With real-time data, workers can make 

smart choices, spot possible problems before they 

happen, and improve the grid's general performance. 

B. IoT Integration:  

One of the most important parts of smart grids that 

makes them reliable is how they connect to the Internet 

of Things (IoT) [8]. When IoT devices are built into the 

grid system, they make it easy for different parts to talk 

to each other and share data. IoT devices like smart 

monitors, smart meters, and others are very important 

for getting info to and from places in real time. This 

combination makes it easier for the grid to track, 

examine, and react to changes in the supply and demand 

of energy. IoT integration helps make the grid 

environment smarter and more flexible by making it 

easier for devices to connect to it [12]. 

C. Artificial Intelligence and Machine Learning:  

This section uses AI and machine learning techniques to 

get the most out of the huge amounts of data that smart 

grids produce. These tools make it possible for 

adaptable control methods, anomaly recognition, and 

prediction analytics to work. AI programs can predict 

how energy demand will change, find trends that point 

to possible problems, and find the best way to distribute 

energy in real time. Through repeated learning, machine 

learning models keep getting more accurate, which 

makes it easier for the grid to adapt to changing 

conditions and unknowns. 

D. Communication methods:  

Strong and safe communication methods are very 

important for adaptable smart grids to work well. These 

standards make it easier for different parts of the grid to 

share information with each other, which makes 

communication and control much smoother. To keep 

the security and privacy of data sent across the grid, 

secure communication is very important. Protocols like 

DNP3 (Distributed Network Protocol) and IEC 61850 

are often used to make sure that devices can 

communicate and work with each other in a standard 

way. This makes sure that the grid infrastructure works 

well together. 

These technology bases work together to make smart 

grids strong enough to handle the problems that come 

up when you add in green energy sources, independent 

generation, and changing energy needs. Advanced 

tracking [12] technologies give us a clear picture of how 

the grid works, IoT integration makes it easier to join 

and share data, and AI-powered analytics help us make 

better decisions. On the other hand, secure 

communication methods are what hold a strong and 

cyber-secure grid system together. These technological 

roots not only make the grid work more efficiently, but 

they also help reach sustainable goals by making it easy 

to add green energy sources. Resilient smart grids are 

very important for making the change to a more 

sustainable and reliable energy future because they can 

adapt to changing user behavior and weather 

circumstances. As technology keeps getting better, 

study into these basic parts makes sure that resilient 

smart grids stay on top of the latest developments in the 

field of electrical systems. 

IV. PROPOSED METHODOLOGY  

A methodical and repeated process is needed to use 

machine learning methods to look at huge amounts of 

data, predict possible problems, improve energy 

sharing, and make the grid more efficient overall. 

A. Data Collection: 

• Get useful information from different parts of the 

power grid, like monitors, smart meters, old 
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records, and outside factors like weather, demand 

trends, and so on. 

• Make sure the data is relevant, varied, and goes 

back far enough in time to show a range of 

working situations. 

B. Data Preprocessing: 

• Cleanse and preprocess the data you've gathered 

to deal with things like missing numbers, outliers, 

and errors. 

• Normalize or scale the data to make sure it is all 

the same and to help machine learning techniques 

work better. 

 

C. Feature Selection: 

• Find and choose the factors that are important for 

the forecasts and improvement goals. 

• Think about things like power levels, current 

flow, temperature, and how much energy has been 

used in the past. 

 
Figure 1: Proposed system model 

 

D. Model Selection: 

Based on the type of problem, pick the right machine 

learning models.  

1. LSTM (Long Short-Term Memory): 

Long Short-Term Memory (LSTM) is a type of 

recurrent neural network (RNN) that is good at 

describing time series and patterns of data. 

Step 1: Define the Input Data: 

• Let X_t represent the input features at time t. 

• Let Y_t represent the target variable 

(resilience) at time t. 

Step 2: Define the LSTM Architecture: 

• LSTM cells have three gates: input (i_t), forget 

(f_t), and output (o_t). 

• Cell state (c_t) and hidden state (h_t) are 

updated using these gates. 

𝐼𝑛𝑝𝑢𝑡 𝑔𝑎𝑡𝑒: 𝑖𝑡 =  𝜎 (𝑊𝑖𝑖𝑋𝑡
+  𝑏𝑖𝑖 + 𝑊ℎ𝑖𝐻{𝑡−1}

+  𝑏ℎ𝑖) 

𝐹𝑜𝑟𝑔𝑒𝑡 𝑔𝑎𝑡𝑒: 𝑓𝑡 =  𝜎 (𝑊𝑖𝑓𝑋𝑡
+ 𝑏𝑖𝑓 +  𝑊ℎ𝑓𝐻{𝑡−1}

+ 𝑏ℎ𝑓) 

𝐶𝑒𝑙𝑙 𝑠𝑡𝑎𝑡𝑒: 𝑐𝑡 =  𝑓𝑡 ⊙  𝑐{𝑡−1} +  𝑖𝑡

⊙ tanh (𝑊𝑖𝑐𝑋𝑡
+  𝑏𝑖𝑐 +  𝑊ℎ𝑐𝐻{𝑡−1}

+ 𝑏ℎ𝑐) 

𝑂𝑢𝑡𝑝𝑢𝑡 𝑔𝑎𝑡𝑒: 𝑜𝑡 =  𝜎 (𝑊𝑖𝑜𝑋𝑡
+ 𝑏𝑖𝑜 +  𝑊ℎ𝑜𝐻{𝑡−1}

+ 𝑏ℎ𝑜) 

𝐻𝑖𝑑𝑑𝑒𝑛 𝑠𝑡𝑎𝑡𝑒: ℎ𝑡 =  𝑜𝑡 ⊙ tanh(𝑐𝑡) 

Step 3: Define the Output Layer: 

• Use the hidden state h_t as input to the output 

layer. 

𝑌𝑡 =  𝑔(𝑊𝑦ℎ𝑡
+  𝑏𝑦) 

Where, 

• g is the activation function. 

Step 4: Define the Loss Function: 

Choose an appropriate loss function, such as mean 

squared error (MSE) for regression problems: 

𝐿(𝑌𝑡 , 𝑌̂𝑡) =
1

2(𝑌𝑡 −  𝑌̂𝑡)
2 

Step 5: Prediction: 

• Once trained, the LSTM model can predict 

resilience for new input data. 

• Feed the input data through the LSTM layers 

and output layer to get the predicted resilience. 

2. Random Forest: 

Random Forest is a type of ensemble learning that 

builds many decision trees during training and then 

gives you the class that is the average of all the classes 

for classification problems or the mean prediction for 

regression problems. 

Step 1: Define the Input Data: 

• Let X represent the input features. 

• Let Y represent the target variable (resilience). 

Step 2: Build Decision Trees: 

• Randomly select a subset of features (X_i) for 

each tree. 

• Randomly sample the training data with 

replacement (bootstrap sample). 

• Train a decision tree (Tree_i) on the selected 

features and sampled data: 

𝑇𝑟𝑒𝑒_𝑖(𝑋_𝑖, 𝑌_𝑖) 

Step 3: Ensemble Prediction: 

• Predict resilience (Ŷ) for each tree 

independently: 

𝑌̂𝑖 =  𝑇𝑟𝑒𝑒𝑖(𝑋𝑖) 

𝐹𝑜𝑟 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛: 𝑌̂ =  𝑚𝑜𝑑𝑒(𝑌̂1, 𝑌̂2, … , 𝑌̂𝑛) 
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𝐹𝑜𝑟 𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛: 𝑌̂ =
1

𝑛
∗  𝛴 𝑌̂𝑖  

Step 4: Feature Importance: 

• Calculate feature importance based on how 

much each feature contributes across all trees: 

𝐼𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒(𝑋𝑗)

=
1

𝑛
∗  𝛴 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝐼𝑚𝑝𝑢𝑟𝑖𝑡𝑦(𝑋𝑗 , 𝑇𝑟𝑒𝑒𝑖) 

3. Support Vector Machines (SVM): 

There is a guided learning method called Support 

Vector Machines (SVM) that can be used for both 

classification and regression jobs. 

Step 1: Define the Input Data: 

• Let X represent the input features. 

• Let Y represent the target variable (resilience). 

Step 2: Feature Scaling: 

• Standardize the input features to ensure they 

have similar scales: 

𝑋𝑠𝑐𝑎𝑙𝑒𝑑 =
(𝑋 −  𝜇)

𝜎
 

Step 3: Define the SVM Regression Model: 

• The SVM regression model aims to find a 

hyperplane that best fits the data.  

𝑓(𝑋) =  𝛽0 + ∑(𝛼ᵢ 𝐾(𝑋, 𝑋ᵢ)) 

Step 4: Loss Function: 

• Define the loss function to minimize the error 

between predicted and actual resilience: 

𝐿(𝑌, 𝑓(𝑋)) =
1

2
||𝑓(𝑋) −  𝑌||

2
+  𝐶∑𝜉ᵢ 

Step 5: Optimization: 

• Minimize the loss function with respect to β₀, 

αᵢ, and ξᵢ using optimization techniques such as 

Sequential Minimal Optimization (SMO). 

Step 6: Prediction: 

• Once the model is trained, the predicted 

resilience for the new data point X_new is 

given by: 

Ŷ =  𝛽0 + ∑(𝛼ᵢ 𝐾(𝑋𝑛𝑒𝑤 , 𝑋ᵢ)) 

E. Training the Model: 

• Make two sets from the dataset: a training set 

and a confirmation set. 

• Use the training set to teach the chosen 

machine learning model, and change the 

model's settings to get the best results. 

• Test the model on the validation set to see how 

well it can be used in other situations. 

F. Prediction and Anomaly Detection: 

• Utilize the learned model to guess future 

energy needs, possible machine breakdowns, 

or strange things happening in the power grid. 

• Use algorithms for anomaly identification to 

look for strange trends that could mean there 

are problems. 

G. Integration with Control Systems: 

• Combine the smart grid's forecasts and 

optimization systems that use machine learning 

with the system's main control systems. 

• Make sure that the machine learning system 

you use can grow as the amount of data you 

have increases and can adapt to changes in the 

grid infrastructure or the way it works. 

 

V. RESILIENCE METRICS AND 

CYBERSECURITY 

A. Metrics for Assessing Grid Resilience: 

To find out how resilient a smart grid is, you need to 

come up with numerical measures that show how well it 

can handle and rebound from disruptions. One of these 

is the Resilience Index (RI), which looks at how long 

(D) and how bad (M) shocks are: 

𝑅𝐼 =  
1

(𝐷 ∗  𝑀)
 

This measure takes into account both how long it took 

for the grid to get back up and running and how bad the 

problem was. A grid that is more durable has a higher 

RI. The Restoration Time Index (RTI) is another 

important statistic. It shows how long it takes for the 

grid to fully return after a break. This is how it's written: 

𝑅𝑇𝐼 =
(∑(𝑇𝑖 ∗  𝐷𝑖))

∑𝐷𝑖
 

B. Cybersecurity Measures in Smart Grids: 

To keep smart grids safe from possible cyber dangers, it 

is important to put in place strong protection measures. 

The Cybersecurity Index (CI) tracks how well the 

security methods put in place are working: 

CI =  (
NP

NT
) ∗  100 

Where, 

• NP is the number of protected assets and NT is 

the total number of assets. This metric 

provides a percentage indicating the level of 

protection within the smart grid infrastructure. 

To quantify the impact of a cyber-attack, the 

Cybersecurity Risk Index (CRI) can be introduced: 

𝐶𝑅𝐼 =  𝑃𝐴 ∗  𝑉𝐴 
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Where, 

• PA is the probability of a successful cyber-

attack and VA is the vulnerability associated 

with the targeted asset. The CRI provides a 

quantitative assessment of the cybersecurity 

risk. 

C. Challenges and Solutions in Resilience: 

Uncertainty and changing conditions are often what 

make grid resilience hard. One big problem is that 

disruptions (UD) are hard to plan for. This can be fixed 

by making forecast models better: 

𝑈𝐷 =  
1

𝑛
 ∗  ∑ (

|𝐷𝑖 −  Ḋ𝑖|

𝐷𝑖
) ∗  100% 

Implementing resilient strategies can mitigate 

challenges. The Adaptability Index (AI) assesses the 

grid's ability to adapt: 

𝐴𝐼 

=  (
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙𝑙𝑦 𝑎𝑑𝑎𝑝𝑡𝑒𝑑 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠

𝑇𝑜𝑡𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑎𝑡𝑡𝑒𝑚𝑝𝑡𝑒𝑑
)

∗  100% 

This metric quantifies the effectiveness of adaptive 

strategies in response to disruptions. 

VI. RESULT AND DISCUSSION 

Table 2 shows all the assessment criteria for Machine 

Learning (ML) models that are used to make smart 

grids more reliable. Random Forest, Long Short-Term 

Memory (LSTM), and Support Vector Machine (SVM) 

are the models that were looked at in this review. 

Several measures are used to judge each model's 

performance, showing what they can and can't do in the 

context of adaptable smart grids. Mean Squared Error 

(MSE) is a basic measure that shows the average 

squared difference between what was expected and 

what actually happened. In this test, LSTM did better 

than SVM and Random Forest, with an MSE of 0.014 

compared to 0.036 and 0.017 for SVM and Random 

Forest, respectively.  

 
Figure 2: Stable and unstable grid data 

This means that LSTM makes better guesses, lowering 

the overall forecast error. The Mean Absolute Error 

(MAE) is a tool that measures the average difference 

between what was forecast and what actually happened. 

It works with MSE. LSTM once again did better than 

SVM and Random Forest, with an MAE of 0.056 versus 

0.14 and 0.11, respectively. This shows that it can make 

estimates that are closer to the real numbers.  

Table 2: Summary result of evaluation parameters for 

ML Model for Resilient Smart Grids 

Parameter LSTM SVM Random Forest 

MSE 0.014 0.036 0.017 

MAE 0.056 0.14 0.11 

R Square 0.89 0.71 0.91 

Accuracy 0.93 0.9 0.94 

Precision 0.9 0.91 0.91 

Recall 0.89 0.93 0.93 

F1 Score 0.91 0.89 90 

Training Time 

(sec) 

125 48 63 

Inference time 4.8 2.5 3.4 

 
Figure 3: Representation of evaluation parameters for 

ML Model for Resilient Smart Grids 



Vivek Deshpande et al. | Acta Energetica 1/48 (2024) | 78–87 

Received: 30 October 2023; Revised: 05 January 2024; Accepted: 18 January 2024 

 

 

 

85 http://actaenergetica.org 

R Square, also known as the coefficient of 

determination, measures how much of the variation in 

the dependent variable can be predicted by the variation 

in the independent variable. Random Forest got the best 

R Square value of 0.91 in this case, which shows that 

there is a strong link between the expected and real 

resistance values. With R Square of 0.89, LSTM came 

in second, and SVM came in third, with a R Square of 

0.71. Metrics like Accuracy, Precision, Recall, and F1 

Score are used to rate how well the models do at 

identifying resistance. Random Forest did better than 

both LSTM and SVM in terms of accuracy (94%), 

which shows how well it can tell the difference between 

resilient and non-resilient situations. Precision and 

Recall numbers show how false positives and false 

negatives affect each model, with different strengths 

and weaknesses. When using real-time applications, 

training and reasoning times are very important to think 

about. Even though LSTM had a longer training time 

(125 seconds), it did better in inference time (4.8 

milliseconds), which means it can be used in situations 

where quick responses are needed. In terms of training 

and judgment times, both SVM and Random Forest did 

about the same.  

 
Figure 4: Correlation matrix for Smart grid stability 

Figure 3 shows how the evaluation factors for ML 

models in durable smart grids are shown. This gives a 

clear idea of how well the models work. Metrics like 

MSE, MAE, R Square, Accuracy, and others are shown 

visually, which helps with a full evaluation of how well 

each model works to make the grid more resilient. 

Figure 4 shows the association matrix for smart grid 

stability, which shows how the different factors that 

affect the system are connected. Strong positive 

correlations show that two things are connected, while 

negative correlations show that there might be trade-

offs. To make the smart grid more stable as a whole, it's 

important to understand these links. 

 
(a) 

 
(b) 

 
(c) 

Figure 5: Confusion Matrix (a) LSTM (b)Random 

Forest (c) SVM 
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The confusion matrices for LSTM, Random Forest, and 

SVM are shown in Figure 5 as subplots (a), (b), and (c), 

in that order. True positives, true negatives, false 

positives, and false negatives are shown in these grids, 

which give a clear picture of how well the model 

classified things. The image helps check how accurate 

and dependable each model is at predicting smart grid 

cases that are strong and those that are not. 

VII. CONCLUSION 

The search for smart grids that are durable is the most 

important thing that can be done to make core 

electricity systems stronger for sustainable energy. By 

combining cutting edge technologies like IoT, AI, and 

machine learning, these grids have the ability to 

completely change things. LSTM, SVM, and Random 

Forest are some of the machine learning models that 

were tested. They all have different strengths when it 

comes to identifying and improving grid stability. These 

models play a big role in the overall goal of a strong 

and long-lasting energy system because they can look at 

huge amounts of data, guess what problems might 

happen, and find the best ways to distribute energy. The 

correlation matrix shows how complex links exist 

between important factors, which helps people make 

decisions by helping them understand how systems 

work. Furthermore, the provided confusion matrices 

provide a detailed look into the models' classification 

accuracy, which helps in making smart choices for grid 

stability. As we learn more about how complicated 

modern energy systems are, durable smart grids become 

an important tool for preventing problems, making sure 

systems can be changed, and encouraging 

environmentally friendly energy use. Accepting these 

kinds of new ideas leads to a mindset shift toward 

energy systems that can not only handle problems but 

also help build a strong and long-lasting future. In the 

end, durable smart grids show how new technologies 

can change basic electricity systems, leading to a 

cleaner, more reliable, and interconnected energy world. 
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