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Abstract - Due to the fast growing in the utilization of batteries | n the areas of renewable energy, electric vehicles, and
portable electronics, battery systems analysis and optimization have become even more significant. In battery- centered
studies, researchers are concerned with the temperature, current, voltage, SOC, and SHO to improve capacity, safety
and life through specific parameter values. These factors are determinants in failure modes, increasing efficiency and
battery life cycles. Utilizing state-of-the-art techniques such as machine-learning models (e.g., SVM, DT, RF, Gradient
Boosting, DNN, and NN), this research investigates battery performance data. Training and testing of these models with
big data enables accurate estimation of the battery performance in different working conditions. Performance of these
algorithms is quantitatively verified through various important metrics (e.g. accuracy, RMSE, and MAE) to guarantee
accurate insights of battery health and function. When combined with predictive analysis, real-time monitoring technology
can ultimately help make battery systems safer and more efficient by mitigating risks of overheating, over-charging, and
premature battery failure. Furthermore, this process ultimately aids in the generation of sustainable energy solutions by
pinpointing areas for material optimization and optimizing the design of an energy storage system.
Key Words: Support Vector Machines (SVM),Decision Trees (DT), Random Forests (RF), Gradient Boosting, Neural
Networks (NN), and Deep Neural Networks (DNN).

1. INTRODUCTION

The rapid development of various fields including electric vehicles (EVs), renewable energy systems and portable
electronic device markets has driven the need for efficient and reliable energy storage devices. At the heart of these
advancements is the advancement of battery technologies which are able to deliver high power output whilst ensuring
performance, safety and durability. Batteries play an increasingly important role in driving consumer electronics, electric
vehicles, and grid-level storage, and evaluating the performance of batteries has become a key task in nowadays
engineering. Battery characteristics are highly temperature-dependent and dependent on current, voltage, state- of-charge
(SOC), and state-of-health (SOH) as well. Knowledge of these parameters is pivotal for battery lifetime maximization,
mitigation of safety hazards, and energy efficiency enhancement. Especially, SOC and SOH are key indexes of battery
performance: SOC represents the state of charge device/procedure, and the electric current Cnr Op full charge, while
SOH describes the reliability of energy storage at a certain stage. Amount of charge remaining in the battery, while SOH
indicates the overall condition of the battery relative to its expected performance. Proper management and monitoring of
these variables can help mitigate risks such as battery failure, overheating, and degradation. Battery-centric analysis aims
to understand the intricate relationships between these parameters and their impact on battery performance. By
leveraging data-driven techniques, including machine learning (ML) and artificial intelligence (Al), researchers and
engineers can develop predictive models that forecast battery behavior under varying conditions. These models enable
more accurate estimations of battery life, which is essential for improving the efficiency of battery- powered systems.
Machine learning algorithms, such as Support Vector Machines (SVM), Decision Trees (DT), Random Forests (RF),
Gradient Boosting, Neural Networks (NN), and Deep Neural Networks (DNN), have proven to be effective tools for
analyzing battery data. These techniques are capable of processing large datasets and identifying complex patterns that
traditional methods may overlook.
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By using these algorithms, battery performance can be better predicted, leading to improved battery management systems
and optimized energy usage.

LITERATURE SURVEY

The Battery- Sentiment Analysis focuses on improving the management, monitoring, and optimization of battery systems

through advanced data analysis techniques. Over the years, significant research and advancements have been made in this

field, focusing on various aspects such as State of Charge (SOC), State of Health (SOH), degradation prediction, and
thermal management.

Here is a literature survey on key contributions and developments in this domain.

1. Estimation models for SOC and SOH Boosting the determination from the state of both the State of Charge (SOC)
and State of Health (SOH), who are essential for controlling battery performance and lifespan, has been the subject of
numerous studies. o Zhang et al. (2016) highlighted the effectiveness of a Kalman filter-based method for SOC
estimation in dynamic systems. o Chen et al. (2015) combined many sensors and historical data to improve the
accuracy of their machine learning algorithms for predicting both SOC and SOH. o By combining voltage and current
data, Liu et al. (2020) suggested an adaptive filtering method to enhance estimate of SOC in Li-ion batteries.

2. Battery Degradation and Aging Models Battery degradation modeling helps predict the lifespan of a battery, which is
essential for minimizing unplanned expenses for upkeep and replacement. Zhang et al. (2017) highlighted the
significance of operational conditions by developing a data-driven method to predict ageing and degradation using real-
world battery data. o Gao et al. (2019) used machine learning to examine how EV battery packs deteriorate,
concentrating on the climate and charge cycles as the main causes of degradation. Li et al. (2018) provided an efficient
method for degradation analysis by demonstrating how to use supported vector machines (SVM) to describe the
ageing process of the batteries under various charge/discharge cycles.

3. Thermal Management of Batteries Temperature is a critical factor that influences battery performance, safety, and
lifespan. This system exemplifies the integration of loT into consumer gardening products, enhancing user
convenience.

4. Battery Management Systems (BMS) Battery management systems are essential for monitoring battery parameters
such as voltage, current, and temperature, and ensuring safe operation. Moshayedi et al. (2016) reviewed the
importance of battery management systems (BMS) in EV applications, emphasizing the need for accurate state
estimation and real-time monitoring. Bresson et al. (2017) developed a comprehensive BMS framework for tracking
SOC, SOH, and temperature, applying recursive algorithms to achieve high precision estimations. o Kong et al. (2020)
proposed an adaptive battery management system that integrates fuzzy logic to deal with uncertain battery
parameters, improving the decision-making process in real-time.

2. SYSTEM ARCHITECTURE

The growing reliance on batteries in various industries, including electric vehicles (EVs), renewable energy systems, and
consumer electronics, has underscored the need for efficient battery management. Batteries are prone to performance
degradation over time, leading to reduced capacity, shorter lifespan, and inefficient operation. Accurate monitoring of key
battery parameters such as State of Charge (SOC), State of Health (SOH), temperature, and charging cycles is essential to
ensure their optimal performance and longevity. In light of these challenges, the problem is to develop an advanced,
machine learning-based framework for accurate battery performance prediction, degradation analysis, and predictive
maintenance. The goal is to create a system that can effectively monitor and forecast battery behavior, predict
degradation, optimize thermal management, and provide early warnings for maintenance, ultimately leading to longer
battery life spans, improved performance, and cost savings across various applications.

Data Extraction
from Source

Data
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Feature
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Figl: System Architecture
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HARDWARE USED
1. ArduinoMEGA328P.

Fig2: Arduino MEGA328P.

The ArduinoMega2560 is a microcontroller board that utilizes the ATmega2560 chip. It features 54 digital input/output
pins, 16 analog inputs, 4 hardware UARTS, and 256 KB of flash memory.With8KBofSRAMandaclockspeedofl6MHz,it is
capable of handling complex applications such as robotics, extensive displays, and sensor systems. Its enhanced
input/output capabilities and memory capacity render it suitable for large-scale projects and tasks that require multiple
peripherals. Fully compatible with the Arduino IDE, it facilitates programming and integration with a diverse array of
libraries and shields, making it an excellent choice for both enthusiasts and professionals.

2. Temperature sensor:

Fig3: Temperature Sensor

A temperature sensor detects the hotness and the coldness of the environment. The sensing of the temperature can be
done with the directly contact or an indirect contact. The temperature sensor DHT11 is used to measure the
temperature of the environmentaccurately.Dhtllsensorisanintegratedcircuitin which the voltage output is directly
proportional to the temperature Celsius. Water level: The water level is always under observation by a float sensor,
which work by opening and closing circuits (dry contacts) as water levels rise and fall once the water level drops below a
predetermined point, the circuit completes itself and sends electricity through the completed circuit to trigger an alarm

3. LCD Display

Fig 4: LCD Display
A display is made up of millions of pixels. The quality of a display commonly refers to the number of pixels; for example,
ad4Kdisplayismadeupof3840x21600r4096x2160pixels.A pixel is made up of three sub pixels; a red, blue and green
commonly called RGB. When the sub pixels in a pixel change colour combinations, a different colour can be produced.
With all the pixels on a display working together, the display can make millions of different colours. When the pixels are
rapidly switched on and off, a picture is created4. NPK Sensor

NIRIS © 2014-25, AM Publications - All Rights Reserved https://doi.org/10.26562/ijiris Page -266



% NIRIS: International Journal of Innovative Research in Information Security E-ISSN: 2349-7017

Volume 11, Issue 03, May 2025 P-ISSN: 2349-7009
IJIRIS https://www.ijiris.com/archives
4. Voltage sensor:

4

Fig 5: Voltage Sensor
This sensor is used to monitor, calculate and determine the voltage supply. This sensor can determine the AC or DC
voltage level. The input of this sensor can be the voltage where as the output is the switches, analogue voltage signal, a
current signal, an audible signal, etc. Some sensors provide sine wave forms or pulse wave forms like output & other scan
generate outputs like AM (Amplitude Modulation),PWM(Pulse Width Modulation) or FM (Frequency Modulation).

5. Current Sensor:

ACS712 Current Sensor Module - 20A can sense upto 20A of current flow. Sensing and controlling the current flow is a
fundamental requirement in wide variety of applications, which includes over-current protection circuits, battery chargers,
switching mode power supplies, digital watt meters, programmable current sources, etc.

SOFTWARE USED
1. Python
Python's is a dynamic, multipurpose programming language that is well-known for being easy to learn and understand.
Since its creation by Guido van Rossum in the last decade of the 1980s, a Python has grown into a potent instrument that
is used by data scientists, developers, and educators all over the world. It is the perfect language for both novices and
experts due to its simple syntax and attention to code comprehension. Python's extensive standard library and thriving
third-party package ecosystem allow developers to work on a variety of projects, from data analysis and web
development to scientific computing and artificial intelligence.
2. Flask
Together, Flask and Python give developers a potent toolkit for creating web applications. The foundation for building
solid server-side logic is provided by Python, a flexible as well as easy-to-learn programming language, while Flask, a
lightweight and adaptable web framework, makes web application development easier. Because of its reputation for
simplicity and minimalism, Flask is a great option for both novice and seasoned developers. It gives developers the
flexibility to arrange their code however they see fit by offering the necessary tools and features for developing for the
internet without enforcing strict structures or conventions. Developers can handle HTTP queries and responses, render
dynamic HTML templates, and quickly create web endpoints with Flask.
3. JavaScript
JavaScript is a flexible programming language that is frequently employed in web design to give websites functionality,
dynamic behaviour, and interactivity. Being a scripting language used on the client side, it operates on a browser used by a
user instead of a server, enabling immediate evaluation and communication with web content. A crucial part of the
contemporary web, JavaScript allows programmers to handle form validation, perform asynchronous tasks like retrieving
information coming from equipment without loading the entire page, and create captivating user interfaces. The ability of
JavaScript to work with the DOM, which depicts a web page's structure as an arrangement of objects, is one of its main
characteristics.
4. CSS
A key tool in web development, CSS(Cascading Style Sheets) defines the layout and visual look of HTML documents. It
collaborates with HTML to offer styling guidelines that specify how content is displayed on a webpage, including fonts,
colours, spacing, and placement. The ability of CSS to distinguish between presentation and content is one of its main
benefits. Because of this division, developers can modify a webpage's appearance and design without affecting the
underlying architecture. Developers can guarantee a consistent user experience while achieving in line styling across
various web pages through adding rules from CSS to HTML elements. A fundamental idea in CSS, selectors allow
programmers to target particular HTML parts and ask styles.
5. My SQL
A strong and popular language for managing and modifying information stored in relational databases is called SQL
(Structured Query Language). By offering a standardised method for defining, querying, updating, and managing data
stored in tables, it enables consumers to interact with databases.
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The relational framework, which is the core idea of SQL, arranges data in arranged tables via columns and rows, where
each column denotes a data attribute and each column denotes a record. SQL facilitates a number of tasks, such as
managing database structures and retrieving, altering, and deleting data. Users can use INSERT commands to add new
data, UPDATE and DELETE commands to change existing data, and SELECT statements to query records to extract
specific information.

IMPLEMENTATION AND RESULTS

Support vector machine (SVM), tree of choice, random forest, gradient lifting, cognitive structure (NN), and deeper

neural network (DNN) are the algorithms you mentioned are various machine learning models used for classification and

regression tasks. Here's an explanation of why and when to use these algorithms:

e Support Vector Machine (SVM): « How it works: SVM is a supervised learning algorithm that finds the hyperplane that
best divides the data into classes. The goal is to maximize the margin between the classes, which helps in generalizing
the model. « Why use it: SVM is particularly effective in high-dimensional spaces and is commonly used in situations
where the number of features is high compared to the number of samples (such as text classification). It's robust and
effective in handling non-linear data with the help of kernels. « Use cases: Text classification, image classification, and
bioinformatics.

* Decision Tree (DT): « How it works: A decision tree builds a tree-like model of decisions based on the features of the
data. It splits the dataset into branches at each decision point, with each branch representing a possible outcome.
Why use it: Decision Trees are simple to understand and interpret. They can handle both numerical and categorical
data and are easy to visualize. However, they can easily over fit if not properly pruned.

» Use cases: Customer segmentation, fraud detection, and risk analysis.

e Random Forest (RF): « How it works: Random Forest is an ensemble learning method that builds multiple decision
trees and merges them to get a more accurate and stable prediction. Each tree is trained on a random subset of the
data and features, which helps in reducing over fitting. « Why use it: Random Forest improves the performance of
decision trees by averaging the results of multiple trees, leading to more robust predictions. It is highly effective for
both classification and regression tasks and works well for large datasets with many features. « Use cases: Feature
selection, classification problems with high- dimensional data, and when a model with high accuracy is required.

e Gradient Boosting: *How it works: Gradient Boosting builds an ensemble of decision trees in a sequential manner,
where each subsequent tree tries to correct the errors made by the previous one. It uses gradient descent to
minimize the error. « Why use it: Gradient Boosting is highly effective for complex datasets and provides state-of-the-
art performance on many tasks. It is more accurate than random forests in many cases but can be more prone to over
fitting if not tuned properly. « Use cases: Predictive modelling tasks like classification and regression, especially when
dealing with unstructured data like images or text.

¢ Neural Network (NN): « How it works: A neural network is a computational model inspired by the human brain. It
consists of layers of interconnected nodes (neurons), where each node represents a mathematical function. The
network learns by adjusting the weights of the connections between nodes based on the error of the output. « Why
use it: Neural Networks can model complex patterns and relationships in the data. They are particularly effective in
handling large datasets and capturing non-linear relationships. « Use cases: Image recognition,

RESULTS

This HTML page is designed as a Login page, allowing users to securely access their account on the website. It features a
fixed-top navigation bar with links to the Home page and dynamic Register/Logout options, depending on whether the
user is already logged in or not. If the user is not logged in, they can navigate to the Register page to create a new
account. The main content section includes a simple yet effective login form, where users can input their email and
password to access their account. If there are any issues with the login (such as incorrect credentials), error messages will
be displayed in red. Additionally, if the user does not have an account, they are provided with a link to the Register page

€ o @ 1270015000/ egin - oS

Home Register

Masywond:

D't hawe ain accounl? Regisler Hers

Fig7: Login Page
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Fig9: Contact Page

Battery Sentiment Analysis

Regl-time

Battery is in Bad condition.

Reasan: Critical parameters indicate that the battery is no longer functional. For
example. low voltage (4.0¥) and extremely low SOH (33.0%).
Recommendation: Replace the battery with a new one. Consider upgrading to a
more efficient battery management system for better psrformance and
menitoring.

Real-time Data:

Tempersture: 250°C
Gas: 2381
Cument: zoa
Valtage: 40w
SOC {State of Charge): 550
SOH {Stata of Healthl: 130

Fig10: Battery analysis
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Battery Centric Analysis
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Fig12: Real Time implementation

For Battery Sentiment Analysis, testing plays a crucial role in evaluating the performance and reliability of the predictive
models used for battery health monitoring and forecasting. Initially, the dataset needs to be pre-processed by cleaning it
of any missing values and handling any outliers. Proper feature engineering is also necessary to extract key metrics such as
average charge cycles, voltage ranges, and temperature variations. Once the data is prepared, machine learning models,
such as Support Vector Machines (SVM), Random Forests, or Neural Networks, are trained on the dataset, with careful
attention to the model’s performance on both the training and testing sets. Testing is performed using various evaluation
metrics, including Accuracy, Root Mean Squared Error(RMSE), and Mean Absolute Error(MAE),which help in determining
how well the model predicts battery behaviours like charge level or remaining life. Cross-validation techniques are
employed to ensure that the model generalizes well across different subsets of data.

CONCLUSIONS

Battery Sentiment Analysis offers a valuable framework for predicting battery health and performance through data-driven
approaches. By leveraging machine learning algorithms and advanced data processing techniques, this analysis provides
actionable insights into the battery’s condition, remaining life span, and potential failure points. The testing and evaluation
of predictive models, using metrics like accuracy, RMSE, and MAE, ensure that the models are robust, reliable, and
capable of generalizing to real-world scenarios. Additionally, continuous improvements through error analysis and real-
time testing further refine the models for better predictive accuracy. As battery technology continues to evolve, the
integration of predictive analytics in battery management systems will not only enhance operational efficiency but also
contribute to reducing maintenance costs and ensuring the sustainability of battery powered systems. This research
highlights the potential paving the way for smarter, more efficient energy storage solutions.
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