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Abstract: As the world shifts towards sustainable energy solutions, electric vehicles (EVs) have emerged
alternative to
efficiency, safety, and longevity of EVs largely depend on effective battery management. This project focuses on developing 
an advanced Battery Management System (BMS) that continuous
current, and temperature. The system utilizes an RTC DS1307 to record battery health data along with timestamps. By 
tracking and analyzing charge
ensuring optimal battery performance. To enhance accessibility and real
Blynk web server, allowing users to remotely track battery conditions via a user
such as overvoltage, over
notifications 
inefficient battery usage, extend its lifespan through optimized charging cycles, and enhance the reliability of electric 
vehicles, making it a vital solution for modern EV technology.
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The rapid growth of electric vehicles (EVs) has increased the need for efficient
systems often fail to prevent issues like overload, deep discharge, and extreme temperature fluctuations, which can 
reduce battery lifespan and performance.
that continuously monitors key battery parameters such as voltage, current, and temperature. Using IoT technology, the 
system provides real
to prevent overcharging, deep discharge, and overheating, ensuring optimal battery performance and safety. The system's 
ability to communicate with external systems like vehicle controllers and charging stations enhances energy management 
and efficiency. By a
operational costs. This integration helps minimize environmental impact by reducing the
replacements.
efficiency in electric vehicles and energy storage systems.

The primary objective of this project is to create an
monitoring, maximizes battery performance, and prolongs battery lifespan.
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As the world shifts towards sustainable energy solutions, electric vehicles (EVs) have emerged
to reduce carbon

efficiency, safety, and longevity of EVs largely depend on effective battery management. This project focuses on developing 
an advanced Battery Management System (BMS) that continuous
current, and temperature. The system utilizes an RTC DS1307 to record battery health data along with timestamps. By 
tracking and analyzing charge
ensuring optimal battery performance. To enhance accessibility and real
Blynk web server, allowing users to remotely track battery conditions via a user
such as overvoltage, over

 through Blynk,
inefficient battery usage, extend its lifespan through optimized charging cycles, and enhance the reliability of electric 
vehicles, making it a vital solution for modern EV technology.
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The rapid growth of electric vehicles (EVs) has increased the need for efficient
systems often fail to prevent issues like overload, deep discharge, and extreme temperature fluctuations, which can 
reduce battery lifespan and performance.
that continuously monitors key battery parameters such as voltage, current, and temperature. Using IoT technology, the 
system provides real-time data logging and remote monitoring via the Blynk platform. It includes protective mechanisms 

prevent overcharging, deep discharge, and overheating, ensuring optimal battery performance and safety. The system's 
ability to communicate with external systems like vehicle controllers and charging stations enhances energy management 
and efficiency. By analysing usage patterns and adjusting
operational costs. This integration helps minimize environmental impact by reducing the
replacements. Overall, the
efficiency in electric vehicles and energy storage systems.

The primary objective of this project is to create an
monitoring, maximizes battery performance, and prolongs battery lifespan.
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As the world shifts towards sustainable energy solutions, electric vehicles (EVs) have emerged
carbon emissions,

efficiency, safety, and longevity of EVs largely depend on effective battery management. This project focuses on developing 
an advanced Battery Management System (BMS) that continuous
current, and temperature. The system utilizes an RTC DS1307 to record battery health data along with timestamps. By 
tracking and analyzing charge-discharge patterns, the system helps prevent overchargi
ensuring optimal battery performance. To enhance accessibility and real
Blynk web server, allowing users to remotely track battery conditions via a user
such as overvoltage, over current, dry running, or temperature fluctuations,

Blynk, ensuring timely
inefficient battery usage, extend its lifespan through optimized charging cycles, and enhance the reliability of electric 
vehicles, making it a vital solution for modern EV technology.

Battery Management System, IoT, State of Charge, Predictive
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The rapid growth of electric vehicles (EVs) has increased the need for efficient
systems often fail to prevent issues like overload, deep discharge, and extreme temperature fluctuations, which can 
reduce battery lifespan and performance.
that continuously monitors key battery parameters such as voltage, current, and temperature. Using IoT technology, the 

time data logging and remote monitoring via the Blynk platform. It includes protective mechanisms 
prevent overcharging, deep discharge, and overheating, ensuring optimal battery performance and safety. The system's 

ability to communicate with external systems like vehicle controllers and charging stations enhances energy management 
nalysing usage patterns and adjusting

operational costs. This integration helps minimize environmental impact by reducing the
Overall, the proposed BMS

efficiency in electric vehicles and energy storage systems.

The primary objective of this project is to create an
monitoring, maximizes battery performance, and prolongs battery lifespan.
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As the world shifts towards sustainable energy solutions, electric vehicles (EVs) have emerged
emissions, dependency

efficiency, safety, and longevity of EVs largely depend on effective battery management. This project focuses on developing 
an advanced Battery Management System (BMS) that continuous
current, and temperature. The system utilizes an RTC DS1307 to record battery health data along with timestamps. By 

discharge patterns, the system helps prevent overchargi
ensuring optimal battery performance. To enhance accessibility and real
Blynk web server, allowing users to remotely track battery conditions via a user

current, dry running, or temperature fluctuations,
timely intervention. This intelligent BMS aims to improve battery safety, prevent

inefficient battery usage, extend its lifespan through optimized charging cycles, and enhance the reliability of electric 
vehicles, making it a vital solution for modern EV technology.

Battery Management System, IoT, State of Charge, Predictive
Analytics, Electric Vehicles, Battery Health Monitoring,
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I. 

The rapid growth of electric vehicles (EVs) has increased the need for efficient
systems often fail to prevent issues like overload, deep discharge, and extreme temperature fluctuations, which can 
reduce battery lifespan and performance. This project aims to develop an advanced Battery Managemen
that continuously monitors key battery parameters such as voltage, current, and temperature. Using IoT technology, the 

time data logging and remote monitoring via the Blynk platform. It includes protective mechanisms 
prevent overcharging, deep discharge, and overheating, ensuring optimal battery performance and safety. The system's 

ability to communicate with external systems like vehicle controllers and charging stations enhances energy management 
nalysing usage patterns and adjusting

operational costs. This integration helps minimize environmental impact by reducing the
BMS offers a 

efficiency in electric vehicles and energy storage systems.
II.

The primary objective of this project is to create an 
monitoring, maximizes battery performance, and prolongs battery lifespan.
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As the world shifts towards sustainable energy solutions, electric vehicles (EVs) have emerged
dependency on fossil

efficiency, safety, and longevity of EVs largely depend on effective battery management. This project focuses on developing 
an advanced Battery Management System (BMS) that continuous
current, and temperature. The system utilizes an RTC DS1307 to record battery health data along with timestamps. By 

discharge patterns, the system helps prevent overchargi
ensuring optimal battery performance. To enhance accessibility and real
Blynk web server, allowing users to remotely track battery conditions via a user

current, dry running, or temperature fluctuations,
intervention. This intelligent BMS aims to improve battery safety, prevent

inefficient battery usage, extend its lifespan through optimized charging cycles, and enhance the reliability of electric 
vehicles, making it a vital solution for modern EV technology. 

Battery Management System, IoT, State of Charge, Predictive
Analytics, Electric Vehicles, Battery Health Monitoring, 
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 INTRODUCTION

The rapid growth of electric vehicles (EVs) has increased the need for efficient
systems often fail to prevent issues like overload, deep discharge, and extreme temperature fluctuations, which can 

This project aims to develop an advanced Battery Managemen
that continuously monitors key battery parameters such as voltage, current, and temperature. Using IoT technology, the 

time data logging and remote monitoring via the Blynk platform. It includes protective mechanisms 
prevent overcharging, deep discharge, and overheating, ensuring optimal battery performance and safety. The system's 

ability to communicate with external systems like vehicle controllers and charging stations enhances energy management 
nalysing usage patterns and adjusting charging

operational costs. This integration helps minimize environmental impact by reducing the
 comprehensive

efficiency in electric vehicles and energy storage systems. 
II. EASE OF 
 advanced Battery

monitoring, maximizes battery performance, and prolongs battery lifespan.
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As the world shifts towards sustainable energy solutions, electric vehicles (EVs) have emerged
fossil fuels, and environmental degradation. However, the 

efficiency, safety, and longevity of EVs largely depend on effective battery management. This project focuses on developing 
an advanced Battery Management System (BMS) that continuously monitors key battery parameters, including voltage, 
current, and temperature. The system utilizes an RTC DS1307 to record battery health data along with timestamps. By 

discharge patterns, the system helps prevent overchargi
ensuring optimal battery performance. To enhance accessibility and real-time monitoring, the BMS is integrated with the 
Blynk web server, allowing users to remotely track battery conditions via a user

current, dry running, or temperature fluctuations,
intervention. This intelligent BMS aims to improve battery safety, prevent

inefficient battery usage, extend its lifespan through optimized charging cycles, and enhance the reliability of electric 

Battery Management System, IoT, State of Charge, Predictive 

bbreviations: 
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IoE 
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INTRODUCTION 
The rapid growth of electric vehicles (EVs) has increased the need for efficient
systems often fail to prevent issues like overload, deep discharge, and extreme temperature fluctuations, which can 

This project aims to develop an advanced Battery Managemen
that continuously monitors key battery parameters such as voltage, current, and temperature. Using IoT technology, the 

time data logging and remote monitoring via the Blynk platform. It includes protective mechanisms 
prevent overcharging, deep discharge, and overheating, ensuring optimal battery performance and safety. The system's 

ability to communicate with external systems like vehicle controllers and charging stations enhances energy management 
charging cycles, the

operational costs. This integration helps minimize environmental impact by reducing the
comprehensive solution for improving battery reliability, safety, and 

 USE 
Battery Management

monitoring, maximizes battery performance, and prolongs battery lifespan. 
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As the world shifts towards sustainable energy solutions, electric vehicles (EVs) have emerged
environmental degradation. However, the 

efficiency, safety, and longevity of EVs largely depend on effective battery management. This project focuses on developing 
ly monitors key battery parameters, including voltage, 

current, and temperature. The system utilizes an RTC DS1307 to record battery health data along with timestamps. By 
discharge patterns, the system helps prevent overcharging, deep discharge, and dry running, 

time monitoring, the BMS is integrated with the 
Blynk web server, allowing users to remotely track battery conditions via a user- friendly interfac

current, dry running, or temperature fluctuations, the system
intervention. This intelligent BMS aims to improve battery safety, prevent

inefficient battery usage, extend its lifespan through optimized charging cycles, and enhance the reliability of electric 
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The rapid growth of electric vehicles (EVs) has increased the need for efficient battery management systems. Traditional 
systems often fail to prevent issues like overload, deep discharge, and extreme temperature fluctuations, which can 

This project aims to develop an advanced Battery Managemen
that continuously monitors key battery parameters such as voltage, current, and temperature. Using IoT technology, the 

time data logging and remote monitoring via the Blynk platform. It includes protective mechanisms 
prevent overcharging, deep discharge, and overheating, ensuring optimal battery performance and safety. The system's 

ability to communicate with external systems like vehicle controllers and charging stations enhances energy management 
the BMS extends

operational costs. This integration helps minimize environmental impact by reducing the
solution for improving battery reliability, safety, and 
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environmental degradation. However, the 

efficiency, safety, and longevity of EVs largely depend on effective battery management. This project focuses on developing 
ly monitors key battery parameters, including voltage, 

current, and temperature. The system utilizes an RTC DS1307 to record battery health data along with timestamps. By 
ng, deep discharge, and dry running, 

time monitoring, the BMS is integrated with the 
friendly interface. In case of anomalies 

system triggers 
intervention. This intelligent BMS aims to improve battery safety, prevent

inefficient battery usage, extend its lifespan through optimized charging cycles, and enhance the reliability of electric 
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battery management systems. Traditional 
systems often fail to prevent issues like overload, deep discharge, and extreme temperature fluctuations, which can 

This project aims to develop an advanced Battery Managemen
that continuously monitors key battery parameters such as voltage, current, and temperature. Using IoT technology, the 

time data logging and remote monitoring via the Blynk platform. It includes protective mechanisms 
prevent overcharging, deep discharge, and overheating, ensuring optimal battery performance and safety. The system's 

ability to communicate with external systems like vehicle controllers and charging stations enhances energy management 
extends battery life
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As the world shifts towards sustainable energy solutions, electric vehicles (EVs) have emerged as a crucial
environmental degradation. However, the 

efficiency, safety, and longevity of EVs largely depend on effective battery management. This project focuses on developing 
ly monitors key battery parameters, including voltage, 

current, and temperature. The system utilizes an RTC DS1307 to record battery health data along with timestamps. By 
ng, deep discharge, and dry running, 

time monitoring, the BMS is integrated with the 
e. In case of anomalies 

 alerts and push
intervention. This intelligent BMS aims to improve battery safety, prevent

inefficient battery usage, extend its lifespan through optimized charging cycles, and enhance the reliability of electric 
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battery management systems. Traditional 
systems often fail to prevent issues like overload, deep discharge, and extreme temperature fluctuations, which can 

This project aims to develop an advanced Battery Management System (BMS) 
that continuously monitors key battery parameters such as voltage, current, and temperature. Using IoT technology, the 

time data logging and remote monitoring via the Blynk platform. It includes protective mechanisms 
prevent overcharging, deep discharge, and overheating, ensuring optimal battery performance and safety. The system's 

ability to communicate with external systems like vehicle controllers and charging stations enhances energy management 
battery life and reduces 
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The system combines IoT
web server for real
the system offers proactive maintenance and avoids critical battery failures. The
accessible. Integration with the Blynk platform allows users to monitor b
dashboard, ensuring quick identification and resolution of issues. Built
circuits, over
Interacting with external systems, such as vehicle controllers or chargers, allows for real
system. This seamless integration enhances efficiency, making it easier for users to maintain op
without extensive technical knowledge. Overall, the BMS offers a comprehensive, easy
battery health, ensuring effective and efficient maintenance with minimal effort
 

Batteries are crucial i
vehicles (EVs). Lithium
challenges in safety, performance, and 
battery operation. It
discharging, and overheating, and balances charge a
responding to faults after they occur, which can reduce battery life and performance and increase safety risks.
for more proactive solutions has led to the development of advanced 
remote access, cloud
performance and integrate AI and machine learning for advanced diagnostics
from passive to intelligent battery management addresses
for EVs and decentralized energy 
infrastructure.
A. Limitations
1. Reactive Nature
2. Lack of Real
3. No Remote 
4. Basic Protection Mechanisms

temperature fluctu
5. Limited Data

maintenance difficult.
6. No Predictive Maintenance

maintenance co
7. Manual 
8. Inflexibility
9. Limited

optimization.
accessibility, predictive maintenance, and comprehen
lifespan. 

B. Emergence
 

The emergence of Battery Management Systems (BMS)
in critical applications such as electric vehicles
automation. As energy storage becomes a cornerstone of modern technology, ensuring the safety,
longevity of 
current checks, lacking automated control or real
reduced energy efficiency, and safety hazards, highlighting the need for more sophisticated so
technology evolved to offer comprehensive features like state
and charge/discharge regulation.
need for BMS. These batteries are highly sensitive to overcharging,
active management, lithium
a result, BMS technology has become essential in EVs, ensuring battery packs operate within safe electrical and thermal 
boundaries. Recent advancements in
intelligent, connecte
analytics, and predictive maintenance, greatly enhancing battery lifecycle and performance. Additionally, the integration of 
AI and machine learning enables ad
emergence of BMS reflects a vital shift from passive battery monitoring to intelligent battery management,
challenges of
decentralized energy systems continues to rise, BMS will remain a foundational technology in building the future of 
sustainable energy infrastructure.

Numerous research eff
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The system combines IoT
web server for real-time tracking. By consistently tracking bat
the system offers proactive maintenance and avoids critical battery failures. The
accessible. Integration with the Blynk platform allows users to monitor b
dashboard, ensuring quick identification and resolution of issues. Built
circuits, over-voltage, and excessive heat, automating safety measures and reducing
Interacting with external systems, such as vehicle controllers or chargers, allows for real
system. This seamless integration enhances efficiency, making it easier for users to maintain op
without extensive technical knowledge. Overall, the BMS offers a comprehensive, easy
battery health, ensuring effective and efficient maintenance with minimal effort

Batteries are crucial in modern electrical systems, especially in portable devices, renewable energy storage, and electric 
vehicles (EVs). Lithium-ion batteries are popular due to their high energy density and long lifecycle, but they pose 
challenges in safety, performance, and 
battery operation. It monitors
discharging, and overheating, and balances charge a
responding to faults after they occur, which can reduce battery life and performance and increase safety risks.
for more proactive solutions has led to the development of advanced 
remote access, cloud-based analytics, and predictive
performance and integrate AI and machine learning for advanced diagnostics
from passive to intelligent battery management addresses
for EVs and decentralized energy 
infrastructure. 

Limitations of Traditional BMS
Reactive Nature: Responds to faults only after they occur, leading to reduced battery life and increased safety risks.
Lack of Real-Time Monitoring
No Remote Accessibility:
Basic Protection Mechanisms
temperature fluctuations.
Limited Data Logging
maintenance difficult. 
No Predictive Maintenance
maintenance costs. 

 Intervention
Inflexibility: Hardcoded rules make it unable to adapt to varying conditions or advancements in battery technology.
Limited Integration
optimization. These limitations highlight the need for advanced BMS solutions with real
accessibility, predictive maintenance, and comprehen

 
Emergence of BMS 

The emergence of Battery Management Systems (BMS)
in critical applications such as electric vehicles
automation. As energy storage becomes a cornerstone of modern technology, ensuring the safety,

 battery systems has become paramount. Initially, battery sup
current checks, lacking automated control or real
reduced energy efficiency, and safety hazards, highlighting the need for more sophisticated so
technology evolved to offer comprehensive features like state
and charge/discharge regulation.
need for BMS. These batteries are highly sensitive to overcharging,
active management, lithium

result, BMS technology has become essential in EVs, ensuring battery packs operate within safe electrical and thermal 
boundaries. Recent advancements in
intelligent, connected systems. Modern BMS architectures now feature real
analytics, and predictive maintenance, greatly enhancing battery lifecycle and performance. Additionally, the integration of 
AI and machine learning enables ad
emergence of BMS reflects a vital shift from passive battery monitoring to intelligent battery management,

of energy efficiency, operational s
decentralized energy systems continues to rise, BMS will remain a foundational technology in building the future of 
sustainable energy infrastructure.
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The system combines IoT-based monitoring with an RTC DS1307 module for time
time tracking. By consistently tracking bat

the system offers proactive maintenance and avoids critical battery failures. The
accessible. Integration with the Blynk platform allows users to monitor b
dashboard, ensuring quick identification and resolution of issues. Built

voltage, and excessive heat, automating safety measures and reducing
Interacting with external systems, such as vehicle controllers or chargers, allows for real
system. This seamless integration enhances efficiency, making it easier for users to maintain op
without extensive technical knowledge. Overall, the BMS offers a comprehensive, easy
battery health, ensuring effective and efficient maintenance with minimal effort

n modern electrical systems, especially in portable devices, renewable energy storage, and electric 
ion batteries are popular due to their high energy density and long lifecycle, but they pose 

challenges in safety, performance, and maintenance. A Battery Management System (BMS) is essential for safe and efficient 
monitors key parameters

discharging, and overheating, and balances charge a
responding to faults after they occur, which can reduce battery life and performance and increase safety risks.
for more proactive solutions has led to the development of advanced 

based analytics, and predictive
performance and integrate AI and machine learning for advanced diagnostics
from passive to intelligent battery management addresses
for EVs and decentralized energy a system grows

Traditional BMS
Responds to faults only after they occur, leading to reduced battery life and increased safety risks.

Time Monitoring: 
Accessibility: Users cannot track battery health from a distance, limiting timely interventions.

Basic Protection Mechanisms
ations. 

Logging: Does not
 

No Predictive Maintenance: 

Intervention Required: 
Hardcoded rules make it unable to adapt to varying conditions or advancements in battery technology.

Integration: Poor integration
These limitations highlight the need for advanced BMS solutions with real

accessibility, predictive maintenance, and comprehen

 
The emergence of Battery Management Systems (BMS)
in critical applications such as electric vehicles
automation. As energy storage becomes a cornerstone of modern technology, ensuring the safety,

systems has become paramount. Initially, battery sup
current checks, lacking automated control or real
reduced energy efficiency, and safety hazards, highlighting the need for more sophisticated so
technology evolved to offer comprehensive features like state
and charge/discharge regulation. The advent of lithium
need for BMS. These batteries are highly sensitive to overcharging,
active management, lithium-based batteries are prone to degradation and safety risks such as thermal runaway or fire. As 

result, BMS technology has become essential in EVs, ensuring battery packs operate within safe electrical and thermal 
boundaries. Recent advancements in microcontrollers, IoT, and cloud platforms have transformed traditional BMS into 

d systems. Modern BMS architectures now feature real
analytics, and predictive maintenance, greatly enhancing battery lifecycle and performance. Additionally, the integration of 
AI and machine learning enables advanced diagnostics, anomaly detection, and life expectancy prediction.
emergence of BMS reflects a vital shift from passive battery monitoring to intelligent battery management,

energy efficiency, operational s
decentralized energy systems continues to rise, BMS will remain a foundational technology in building the future of 
sustainable energy infrastructure. 
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based monitoring with an RTC DS1307 module for time
time tracking. By consistently tracking bat

the system offers proactive maintenance and avoids critical battery failures. The
accessible. Integration with the Blynk platform allows users to monitor b
dashboard, ensuring quick identification and resolution of issues. Built

voltage, and excessive heat, automating safety measures and reducing
Interacting with external systems, such as vehicle controllers or chargers, allows for real
system. This seamless integration enhances efficiency, making it easier for users to maintain op
without extensive technical knowledge. Overall, the BMS offers a comprehensive, easy
battery health, ensuring effective and efficient maintenance with minimal effort

III.
n modern electrical systems, especially in portable devices, renewable energy storage, and electric 

ion batteries are popular due to their high energy density and long lifecycle, but they pose 
maintenance. A Battery Management System (BMS) is essential for safe and efficient 

parameters like voltage, current, and temperature, protects against overcharging, deep 
discharging, and overheating, and balances charge a
responding to faults after they occur, which can reduce battery life and performance and increase safety risks.
for more proactive solutions has led to the development of advanced 

based analytics, and predictive
performance and integrate AI and machine learning for advanced diagnostics
from passive to intelligent battery management addresses

a system grows

Traditional BMS 
Responds to faults only after they occur, leading to reduced battery life and increased safety risks.

 Cannot detect and address issues promptly, potential
Users cannot track battery health from a distance, limiting timely interventions.

Basic Protection Mechanisms: Insufficient safeguarding against overvoltage, short circuits, and extreme 

not maintain comprehensive historical data, making trend analysis and predictive 

 Cannot forecast potential issues, leading to unexpected failures and higher 

 Frequent manual inspections increase the risk of human error and inefficiency.
Hardcoded rules make it unable to adapt to varying conditions or advancements in battery technology.

integration with external systems like vehicle controllers and charging stations, hindering 
These limitations highlight the need for advanced BMS solutions with real

accessibility, predictive maintenance, and comprehen

The emergence of Battery Management Systems (BMS)
in critical applications such as electric vehicles (EVs), renewable energy systems, portable electronics, and industrial 
automation. As energy storage becomes a cornerstone of modern technology, ensuring the safety,

systems has become paramount. Initially, battery sup
current checks, lacking automated control or real-
reduced energy efficiency, and safety hazards, highlighting the need for more sophisticated so
technology evolved to offer comprehensive features like state

The advent of lithium
need for BMS. These batteries are highly sensitive to overcharging,

based batteries are prone to degradation and safety risks such as thermal runaway or fire. As 
result, BMS technology has become essential in EVs, ensuring battery packs operate within safe electrical and thermal 

microcontrollers, IoT, and cloud platforms have transformed traditional BMS into 
d systems. Modern BMS architectures now feature real

analytics, and predictive maintenance, greatly enhancing battery lifecycle and performance. Additionally, the integration of 
vanced diagnostics, anomaly detection, and life expectancy prediction.

emergence of BMS reflects a vital shift from passive battery monitoring to intelligent battery management,
energy efficiency, operational safety, and system scalability.

decentralized energy systems continues to rise, BMS will remain a foundational technology in building the future of 
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based monitoring with an RTC DS1307 module for time
time tracking. By consistently tracking battery characteristics like voltage, current, and temperature, 

the system offers proactive maintenance and avoids critical battery failures. The
accessible. Integration with the Blynk platform allows users to monitor b
dashboard, ensuring quick identification and resolution of issues. Built

voltage, and excessive heat, automating safety measures and reducing
Interacting with external systems, such as vehicle controllers or chargers, allows for real
system. This seamless integration enhances efficiency, making it easier for users to maintain op
without extensive technical knowledge. Overall, the BMS offers a comprehensive, easy
battery health, ensuring effective and efficient maintenance with minimal effort

III. BACKGROUND
n modern electrical systems, especially in portable devices, renewable energy storage, and electric 

ion batteries are popular due to their high energy density and long lifecycle, but they pose 
maintenance. A Battery Management System (BMS) is essential for safe and efficient 

voltage, current, and temperature, protects against overcharging, deep 
discharging, and overheating, and balances charge across cells to extend battery life. Traditional BMSs are reactive, 
responding to faults after they occur, which can reduce battery life and performance and increase safety risks.
for more proactive solutions has led to the development of advanced 

based analytics, and predictive maintenance. These modern systems enhance battery
performance and integrate AI and machine learning for advanced diagnostics
from passive to intelligent battery management addresses energy

a system grows, BMS technology will be crucial in building sustainable

Responds to faults only after they occur, leading to reduced battery life and increased safety risks.
Cannot detect and address issues promptly, potential

Users cannot track battery health from a distance, limiting timely interventions.
Insufficient safeguarding against overvoltage, short circuits, and extreme 

maintain comprehensive historical data, making trend analysis and predictive 

Cannot forecast potential issues, leading to unexpected failures and higher 

Frequent manual inspections increase the risk of human error and inefficiency.
Hardcoded rules make it unable to adapt to varying conditions or advancements in battery technology.

with external systems like vehicle controllers and charging stations, hindering 
These limitations highlight the need for advanced BMS solutions with real

accessibility, predictive maintenance, and comprehensive data logging to enhance battery performance, safety, and 

The emergence of Battery Management Systems (BMS) has been 
(EVs), renewable energy systems, portable electronics, and industrial 

automation. As energy storage becomes a cornerstone of modern technology, ensuring the safety,
systems has become paramount. Initially, battery sup

- time diagnostics. This approach led to unexpected battery failures, 
reduced energy efficiency, and safety hazards, highlighting the need for more sophisticated so
technology evolved to offer comprehensive features like state-of-

The advent of lithium-ion batteries in high
need for BMS. These batteries are highly sensitive to overcharging,

based batteries are prone to degradation and safety risks such as thermal runaway or fire. As 
result, BMS technology has become essential in EVs, ensuring battery packs operate within safe electrical and thermal 

microcontrollers, IoT, and cloud platforms have transformed traditional BMS into 
d systems. Modern BMS architectures now feature real

analytics, and predictive maintenance, greatly enhancing battery lifecycle and performance. Additionally, the integration of 
vanced diagnostics, anomaly detection, and life expectancy prediction.

emergence of BMS reflects a vital shift from passive battery monitoring to intelligent battery management,
afety, and system scalability.

decentralized energy systems continues to rise, BMS will remain a foundational technology in building the future of 
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based monitoring with an RTC DS1307 module for time
tery characteristics like voltage, current, and temperature, 

the system offers proactive maintenance and avoids critical battery failures. The
accessible. Integration with the Blynk platform allows users to monitor battery health remotely via a mobile app or web 
dashboard, ensuring quick identification and resolution of issues. Built-in protection features shield the battery from short 

voltage, and excessive heat, automating safety measures and reducing
Interacting with external systems, such as vehicle controllers or chargers, allows for real
system. This seamless integration enhances efficiency, making it easier for users to maintain op
without extensive technical knowledge. Overall, the BMS offers a comprehensive, easy
battery health, ensuring effective and efficient maintenance with minimal effort 

BACKGROUND 
n modern electrical systems, especially in portable devices, renewable energy storage, and electric 

ion batteries are popular due to their high energy density and long lifecycle, but they pose 
maintenance. A Battery Management System (BMS) is essential for safe and efficient 

voltage, current, and temperature, protects against overcharging, deep 
cross cells to extend battery life. Traditional BMSs are reactive, 

responding to faults after they occur, which can reduce battery life and performance and increase safety risks.
for more proactive solutions has led to the development of advanced BMS technologies featuring real

maintenance. These modern systems enhance battery
performance and integrate AI and machine learning for advanced diagnostics and

energy efficiency, safety,
, BMS technology will be crucial in building sustainable

Responds to faults only after they occur, leading to reduced battery life and increased safety risks.
Cannot detect and address issues promptly, potential

Users cannot track battery health from a distance, limiting timely interventions.
Insufficient safeguarding against overvoltage, short circuits, and extreme 

maintain comprehensive historical data, making trend analysis and predictive 

Cannot forecast potential issues, leading to unexpected failures and higher 

Frequent manual inspections increase the risk of human error and inefficiency.
Hardcoded rules make it unable to adapt to varying conditions or advancements in battery technology.

with external systems like vehicle controllers and charging stations, hindering 
These limitations highlight the need for advanced BMS solutions with real

sive data logging to enhance battery performance, safety, and 

driven by the
(EVs), renewable energy systems, portable electronics, and industrial 

automation. As energy storage becomes a cornerstone of modern technology, ensuring the safety,
systems has become paramount. Initially, battery supervision was limited to manual voltage and 

time diagnostics. This approach led to unexpected battery failures, 
reduced energy efficiency, and safety hazards, highlighting the need for more sophisticated so

-charge estimation, fault detection, thermal management, 
ion batteries in high-demand applications further ac

need for BMS. These batteries are highly sensitive to overcharging, deep discharge, and temperature variations.
based batteries are prone to degradation and safety risks such as thermal runaway or fire. As 

result, BMS technology has become essential in EVs, ensuring battery packs operate within safe electrical and thermal 
microcontrollers, IoT, and cloud platforms have transformed traditional BMS into 

d systems. Modern BMS architectures now feature real-time monitoring, remote access, cloud
analytics, and predictive maintenance, greatly enhancing battery lifecycle and performance. Additionally, the integration of 

vanced diagnostics, anomaly detection, and life expectancy prediction.
emergence of BMS reflects a vital shift from passive battery monitoring to intelligent battery management,

afety, and system scalability. As the demand for electric mobility and 
decentralized energy systems continues to rise, BMS will remain a foundational technology in building the future of 
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based monitoring with an RTC DS1307 module for time stamped data logging and the Blynk 
tery characteristics like voltage, current, and temperature, 

the system offers proactive maintenance and avoids critical battery failures. The BMS is designed to
attery health remotely via a mobile app or web 

in protection features shield the battery from short 
voltage, and excessive heat, automating safety measures and reducing the need for manual intervention.

Interacting with external systems, such as vehicle controllers or chargers, allows for real-time optimization of the battery 
system. This seamless integration enhances efficiency, making it easier for users to maintain op
without extensive technical knowledge. Overall, the BMS offers a comprehensive, easy-

 

n modern electrical systems, especially in portable devices, renewable energy storage, and electric 
ion batteries are popular due to their high energy density and long lifecycle, but they pose 

maintenance. A Battery Management System (BMS) is essential for safe and efficient 
voltage, current, and temperature, protects against overcharging, deep 

cross cells to extend battery life. Traditional BMSs are reactive, 
responding to faults after they occur, which can reduce battery life and performance and increase safety risks.

BMS technologies featuring real
maintenance. These modern systems enhance battery

and anomaly de
safety, and scalability challenges. As demand 

, BMS technology will be crucial in building sustainable

Responds to faults only after they occur, leading to reduced battery life and increased safety risks.
Cannot detect and address issues promptly, potential

Users cannot track battery health from a distance, limiting timely interventions.
Insufficient safeguarding against overvoltage, short circuits, and extreme 

maintain comprehensive historical data, making trend analysis and predictive 

Cannot forecast potential issues, leading to unexpected failures and higher 

Frequent manual inspections increase the risk of human error and inefficiency.
Hardcoded rules make it unable to adapt to varying conditions or advancements in battery technology.

with external systems like vehicle controllers and charging stations, hindering 
These limitations highlight the need for advanced BMS solutions with real

sive data logging to enhance battery performance, safety, and 

the growing reliance
(EVs), renewable energy systems, portable electronics, and industrial 

automation. As energy storage becomes a cornerstone of modern technology, ensuring the safety,
ervision was limited to manual voltage and 

time diagnostics. This approach led to unexpected battery failures, 
reduced energy efficiency, and safety hazards, highlighting the need for more sophisticated so

charge estimation, fault detection, thermal management, 
demand applications further ac

deep discharge, and temperature variations.
based batteries are prone to degradation and safety risks such as thermal runaway or fire. As 

result, BMS technology has become essential in EVs, ensuring battery packs operate within safe electrical and thermal 
microcontrollers, IoT, and cloud platforms have transformed traditional BMS into 

time monitoring, remote access, cloud
analytics, and predictive maintenance, greatly enhancing battery lifecycle and performance. Additionally, the integration of 

vanced diagnostics, anomaly detection, and life expectancy prediction.
emergence of BMS reflects a vital shift from passive battery monitoring to intelligent battery management,

As the demand for electric mobility and 
decentralized energy systems continues to rise, BMS will remain a foundational technology in building the future of 
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the need for manual intervention.
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system. This seamless integration enhances efficiency, making it easier for users to maintain optimal battery performance

-to-use solution for managing 

n modern electrical systems, especially in portable devices, renewable energy storage, and electric 
ion batteries are popular due to their high energy density and long lifecycle, but they pose 

maintenance. A Battery Management System (BMS) is essential for safe and efficient 
voltage, current, and temperature, protects against overcharging, deep 

cross cells to extend battery life. Traditional BMSs are reactive, 
responding to faults after they occur, which can reduce battery life and performance and increase safety risks.

BMS technologies featuring real-
maintenance. These modern systems enhance battery

detection. In summary,
scalability challenges. As demand 

, BMS technology will be crucial in building sustainable

Responds to faults only after they occur, leading to reduced battery life and increased safety risks.
Cannot detect and address issues promptly, potentially causing battery damage.

Users cannot track battery health from a distance, limiting timely interventions.
Insufficient safeguarding against overvoltage, short circuits, and extreme 

maintain comprehensive historical data, making trend analysis and predictive 

Cannot forecast potential issues, leading to unexpected failures and higher 

Frequent manual inspections increase the risk of human error and inefficiency.
Hardcoded rules make it unable to adapt to varying conditions or advancements in battery technology.

with external systems like vehicle controllers and charging stations, hindering 
These limitations highlight the need for advanced BMS solutions with real-time monitoring, remote 

sive data logging to enhance battery performance, safety, and 
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automation. As energy storage becomes a cornerstone of modern technology, ensuring the safety,
ervision was limited to manual voltage and 

time diagnostics. This approach led to unexpected battery failures, 
reduced energy efficiency, and safety hazards, highlighting the need for more sophisticated solutions. Consequently, BMS 

charge estimation, fault detection, thermal management, 
demand applications further ac

deep discharge, and temperature variations.
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result, BMS technology has become essential in EVs, ensuring battery packs operate within safe electrical and thermal 
microcontrollers, IoT, and cloud platforms have transformed traditional BMS into 

time monitoring, remote access, cloud
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vanced diagnostics, anomaly detection, and life expectancy prediction.
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n modern electrical systems, especially in portable devices, renewable energy storage, and electric 
ion batteries are popular due to their high energy density and long lifecycle, but they pose 

maintenance. A Battery Management System (BMS) is essential for safe and efficient 
voltage, current, and temperature, protects against overcharging, deep 

cross cells to extend battery life. Traditional BMSs are reactive, 
responding to faults after they occur, which can reduce battery life and performance and increase safety risks. The need 
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scalability challenges. As demand 

, BMS technology will be crucial in building sustainable energy 

Responds to faults only after they occur, leading to reduced battery life and increased safety risks.
ly causing battery damage. 

Users cannot track battery health from a distance, limiting timely interventions. 
Insufficient safeguarding against overvoltage, short circuits, and extreme 

maintain comprehensive historical data, making trend analysis and predictive 

Cannot forecast potential issues, leading to unexpected failures and higher 

Frequent manual inspections increase the risk of human error and inefficiency. 
Hardcoded rules make it unable to adapt to varying conditions or advancements in battery technology.

with external systems like vehicle controllers and charging stations, hindering 
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ervision was limited to manual voltage and 

time diagnostics. This approach led to unexpected battery failures, 
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charge estimation, fault detection, thermal management, 
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deep discharge, and temperature variations. Without 
based batteries are prone to degradation and safety risks such as thermal runaway or fire. As 

result, BMS technology has become essential in EVs, ensuring battery packs operate within safe electrical and thermal 
microcontrollers, IoT, and cloud platforms have transformed traditional BMS into 

time monitoring, remote access, cloud-based 
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Systems (BMS), especially in electric vehicle (EV) and renewable energy applications. This section reviews key 
contributions relevant to the design and devel
 Senthilkumar

RTC module, and Blynk platform for real
current, and temperature, but noted implementation complexity and cost as limitations.

 Ananthraj and Arnab Ghosh
assess battery state
time tracking

 Li Haiying et al.
performance optimi
poses challenges for real

 Zhang and Zhang
architectur
and advanced infrastructure.

 Siyan Liu et al.
the Internet
and costs.

 Pavan Kumar et al.
tailored for a

 Rui Xiong et al.
MonteCarlo simulations, demonstrating high accuracy but re

 Yusheng Zheng and Mahammad Hannan
temperature estimation and degradation analysis, offering high accuracy but demanding significant proce
and high-
BMS. While IoT platforms like Blynk offer ease of integration and remote access, machine learning and block
enhance prediction accuracy and data integrity. However, challenges remain in complexity, scalability, cost, and 
network dependency. This project aims to balance functionality and affordability by integrating low
cloud-based real

Summary 
This project develops an advanced Battery Management System (BMS) for electric vehicles (EVs) to enhance battery 
efficiency, safety, and lifespan. It integrates IoT
current, and temperature, and the RTC DS1307 module for time
cloud platform
Key features
 Real-Time Monitoring
 Automated Alerts
 Remote Access
 Protective Mechanisms
 Data Logging
The system aims to improve battery performance, extend lifespan, and reduce maintenance costs, making it suitable for 
various applications, from pers
integration for advanced analytics and renewable energy integration for sustainability.
 

The development of the IoT
methodology encompassing problem identification, literature review, system design, hardware and software integration, 
implementation, testing, and performance evaluation.
reliable, efficient, and scalable solution for battery monitoring and protection, particularly for applications in electric 
vehicles (EVs) and energy storage systems.
1. Problem Identification and Requirement Analysis
The research
such as real-
result in inefficient battery u
advanced BMS integrating IoT and cloud
for battery systems.
2. Literature
A detailed literature
including IoT
review provided valuable i
It revealed the growing demand for systems
time data and cloud analytics.
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Systems (BMS), especially in electric vehicle (EV) and renewable energy applications. This section reviews key 
contributions relevant to the design and devel

Senthilkumar et al.
RTC module, and Blynk platform for real
current, and temperature, but noted implementation complexity and cost as limitations.
Ananthraj and Arnab Ghosh

battery state-of
tracking but relies heavily on constant internet connectivity.

Li Haiying et al. developed an intelligent BMS combining real
performance optimization using advanced algorithms. While enhancing vehicle safety, the complexity of data analysis 
poses challenges for real
Zhang and Zhang 
architecture, suitable for dynamic simulation of battery conditions.
and advanced infrastructure.
Siyan Liu et al. introduced a blockchain and deep learning approach (BLP

Internet of Vehicles
and costs. 
Pavan Kumar et al.

for affordability
Rui Xiong et al. presented a moving
MonteCarlo simulations, demonstrating high accuracy but re
Yusheng Zheng and Mahammad Hannan
temperature estimation and degradation analysis, offering high accuracy but demanding significant proce

-quality datasets.
BMS. While IoT platforms like Blynk offer ease of integration and remote access, machine learning and block

nce prediction accuracy and data integrity. However, challenges remain in complexity, scalability, cost, and 
network dependency. This project aims to balance functionality and affordability by integrating low

based real-time monitorin
 

This project develops an advanced Battery Management System (BMS) for electric vehicles (EVs) to enhance battery 
efficiency, safety, and lifespan. It integrates IoT
current, and temperature, and the RTC DS1307 module for time
cloud platform for remote tracking via mobile or web interface.

features include: 
Time Monitoring

Automated Alerts: Notifications for anomalies like overvoltage and overheating.
Remote Access: Monitoring and control through the Blynk platform.
Protective Mechanisms
Data Logging: Historical data analysis for predictive maintenance.

The system aims to improve battery performance, extend lifespan, and reduce maintenance costs, making it suitable for 
various applications, from pers
integration for advanced analytics and renewable energy integration for sustainability.

The development of the IoT
methodology encompassing problem identification, literature review, system design, hardware and software integration, 
implementation, testing, and performance evaluation.
reliable, efficient, and scalable solution for battery monitoring and protection, particularly for applications in electric 
vehicles (EVs) and energy storage systems.

Problem Identification and Requirement Analysis
research began with 

-time monitoring, remote
result in inefficient battery u
advanced BMS integrating IoT and cloud
for battery systems. 

Literature Review 
literature review

including IoT-based systems, block
review provided valuable i
It revealed the growing demand for systems
time data and cloud analytics.

IJIRIS:  International Journal of Innovative Research in Information Security                        E
Volume 11, Issue 03, May 2025

_________________________________________________________________
25, AM Publications - 

Systems (BMS), especially in electric vehicle (EV) and renewable energy applications. This section reviews key 
contributions relevant to the design and devel

al. proposed an
RTC module, and Blynk platform for real
current, and temperature, but noted implementation complexity and cost as limitations.
Ananthraj and Arnab Ghosh introduced a BMS integrating multiple sensors and an online

of-charge (SoC) and state
relies heavily on constant internet connectivity.

developed an intelligent BMS combining real
zation using advanced algorithms. While enhancing vehicle safety, the complexity of data analysis 

poses challenges for real-time deployment.
 proposed an intelligent test system for hybrid EV batteries using 

e, suitable for dynamic simulation of battery conditions.
and advanced infrastructure. 

introduced a blockchain and deep learning approach (BLP
Vehicles (IoV). Their

 focused on designing a low
ffordability and safety in

presented a moving
MonteCarlo simulations, demonstrating high accuracy but re
Yusheng Zheng and Mahammad Hannan
temperature estimation and degradation analysis, offering high accuracy but demanding significant proce

quality datasets. In summary, the literature highlights the trend toward
BMS. While IoT platforms like Blynk offer ease of integration and remote access, machine learning and block

nce prediction accuracy and data integrity. However, challenges remain in complexity, scalability, cost, and 
network dependency. This project aims to balance functionality and affordability by integrating low

time monitoring, and

This project develops an advanced Battery Management System (BMS) for electric vehicles (EVs) to enhance battery 
efficiency, safety, and lifespan. It integrates IoT
current, and temperature, and the RTC DS1307 module for time

remote tracking via mobile or web interface.

Time Monitoring: Continuous tracking of battery parameters.
Notifications for anomalies like overvoltage and overheating.

Monitoring and control through the Blynk platform.
Protective Mechanisms: Prevents overcharging and deep discharge.

Historical data analysis for predictive maintenance.
The system aims to improve battery performance, extend lifespan, and reduce maintenance costs, making it suitable for 
various applications, from personal EVs to large
integration for advanced analytics and renewable energy integration for sustainability.

The development of the IoT-based Battery Management
methodology encompassing problem identification, literature review, system design, hardware and software integration, 
implementation, testing, and performance evaluation.
reliable, efficient, and scalable solution for battery monitoring and protection, particularly for applications in electric 
vehicles (EVs) and energy storage systems.

Problem Identification and Requirement Analysis
 identifying the

time monitoring, remote 
result in inefficient battery usage, reduced operational life, and increased safety risks. The project aimed to develop an 
advanced BMS integrating IoT and cloud

review was conducted
based systems, block chain

review provided valuable insights into the strengths and weaknesses
It revealed the growing demand for systems
time data and cloud analytics. 
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Systems (BMS), especially in electric vehicle (EV) and renewable energy applications. This section reviews key 
contributions relevant to the design and development of intelligent BMS solutions.

an IoT-based battery monitoring system using an ESP8266 microcontroller, DS1307 
RTC module, and Blynk platform for real-time monitoring and alerts. They emphasized real
current, and temperature, but noted implementation complexity and cost as limitations.

introduced a BMS integrating multiple sensors and an online
charge (SoC) and state-of

relies heavily on constant internet connectivity.
developed an intelligent BMS combining real

zation using advanced algorithms. While enhancing vehicle safety, the complexity of data analysis 
time deployment. 

proposed an intelligent test system for hybrid EV batteries using 
e, suitable for dynamic simulation of battery conditions.

introduced a blockchain and deep learning approach (BLP
Their system ensures

focused on designing a low
in EV applications, though it may lack advanced predictive features.

presented a moving- window
MonteCarlo simulations, demonstrating high accuracy but re
Yusheng Zheng and Mahammad Hannan explored integrating machine learning with physics
temperature estimation and degradation analysis, offering high accuracy but demanding significant proce

In summary, the literature highlights the trend toward
BMS. While IoT platforms like Blynk offer ease of integration and remote access, machine learning and block

nce prediction accuracy and data integrity. However, challenges remain in complexity, scalability, cost, and 
network dependency. This project aims to balance functionality and affordability by integrating low

g, and time stamped

This project develops an advanced Battery Management System (BMS) for electric vehicles (EVs) to enhance battery 
efficiency, safety, and lifespan. It integrates IoT-based monitoring using the ESP8266 microcontroller, sensors for voltage, 
current, and temperature, and the RTC DS1307 module for time

remote tracking via mobile or web interface.

Continuous tracking of battery parameters.
Notifications for anomalies like overvoltage and overheating.

Monitoring and control through the Blynk platform.
events overcharging and deep discharge.

Historical data analysis for predictive maintenance.
The system aims to improve battery performance, extend lifespan, and reduce maintenance costs, making it suitable for 

onal EVs to large-scale energy storage systems. Future enhancements may include AI 
integration for advanced analytics and renewable energy integration for sustainability.

V. RESEARCH
based Battery Management

methodology encompassing problem identification, literature review, system design, hardware and software integration, 
implementation, testing, and performance evaluation.
reliable, efficient, and scalable solution for battery monitoring and protection, particularly for applications in electric 
vehicles (EVs) and energy storage systems. 

Problem Identification and Requirement Analysis
the limitations of

 diagnostics, time
sage, reduced operational life, and increased safety risks. The project aimed to develop an 

advanced BMS integrating IoT and cloud-based technologies to provide enhanced visibility, control, and safety mechanisms 

conducted to study current advancements in battery monitoring. Various approaches, 
chain-enhanced prediction models, and AI

nsights into the strengths and weaknesses
It revealed the growing demand for systems that not
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Systems (BMS), especially in electric vehicle (EV) and renewable energy applications. This section reviews key 
opment of intelligent BMS solutions.

based battery monitoring system using an ESP8266 microcontroller, DS1307 
time monitoring and alerts. They emphasized real

current, and temperature, but noted implementation complexity and cost as limitations.
introduced a BMS integrating multiple sensors and an online

of-health (SoH). Their system addresses gaps in regions
relies heavily on constant internet connectivity.

developed an intelligent BMS combining real
zation using advanced algorithms. While enhancing vehicle safety, the complexity of data analysis 

proposed an intelligent test system for hybrid EV batteries using 
e, suitable for dynamic simulation of battery conditions.

introduced a blockchain and deep learning approach (BLP
system ensures secure and

focused on designing a low-cost BMS with real
applications, though it may lack advanced predictive features.

window-based method for lithium
MonteCarlo simulations, demonstrating high accuracy but requiring high

explored integrating machine learning with physics
temperature estimation and degradation analysis, offering high accuracy but demanding significant proce

In summary, the literature highlights the trend toward
BMS. While IoT platforms like Blynk offer ease of integration and remote access, machine learning and block

nce prediction accuracy and data integrity. However, challenges remain in complexity, scalability, cost, and 
network dependency. This project aims to balance functionality and affordability by integrating low

stamped data logging,

This project develops an advanced Battery Management System (BMS) for electric vehicles (EVs) to enhance battery 
sed monitoring using the ESP8266 microcontroller, sensors for voltage, 

current, and temperature, and the RTC DS1307 module for time 
remote tracking via mobile or web interface. 

Continuous tracking of battery parameters.
Notifications for anomalies like overvoltage and overheating.

Monitoring and control through the Blynk platform.
events overcharging and deep discharge.

Historical data analysis for predictive maintenance.
The system aims to improve battery performance, extend lifespan, and reduce maintenance costs, making it suitable for 

scale energy storage systems. Future enhancements may include AI 
integration for advanced analytics and renewable energy integration for sustainability.

RESEARCH METHODOLOGY
based Battery Management System

methodology encompassing problem identification, literature review, system design, hardware and software integration, 
implementation, testing, and performance evaluation. This methodology
reliable, efficient, and scalable solution for battery monitoring and protection, particularly for applications in electric 

Problem Identification and Requirement Analysis 
limitations of existing BMS technologies.

diagnostics, time stamped
sage, reduced operational life, and increased safety risks. The project aimed to develop an 

based technologies to provide enhanced visibility, control, and safety mechanisms 

study current advancements in battery monitoring. Various approaches, 
enhanced prediction models, and AI

nsights into the strengths and weaknesses
not only monitor
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Systems (BMS), especially in electric vehicle (EV) and renewable energy applications. This section reviews key 
opment of intelligent BMS solutions.

based battery monitoring system using an ESP8266 microcontroller, DS1307 
time monitoring and alerts. They emphasized real

current, and temperature, but noted implementation complexity and cost as limitations.
introduced a BMS integrating multiple sensors and an online

h (SoH). Their system addresses gaps in regions
relies heavily on constant internet connectivity. 

developed an intelligent BMS combining real-time data acquisition with fault detection and 
zation using advanced algorithms. While enhancing vehicle safety, the complexity of data analysis 

proposed an intelligent test system for hybrid EV batteries using 
e, suitable for dynamic simulation of battery conditions. However,

introduced a blockchain and deep learning approach (BLP-
and accurate predictions

cost BMS with real-time monitoring and
applications, though it may lack advanced predictive features.

based method for lithium
quiring high-quality data and computational power.

explored integrating machine learning with physics
temperature estimation and degradation analysis, offering high accuracy but demanding significant proce

In summary, the literature highlights the trend toward
BMS. While IoT platforms like Blynk offer ease of integration and remote access, machine learning and block

nce prediction accuracy and data integrity. However, challenges remain in complexity, scalability, cost, and 
network dependency. This project aims to balance functionality and affordability by integrating low

logging, ensuring scalability and remote accessibility.

This project develops an advanced Battery Management System (BMS) for electric vehicles (EVs) to enhance battery 
sed monitoring using the ESP8266 microcontroller, sensors for voltage, 

 stamped data logging. Real

Continuous tracking of battery parameters. 
Notifications for anomalies like overvoltage and overheating.

Monitoring and control through the Blynk platform. 
events overcharging and deep discharge. 

Historical data analysis for predictive maintenance. 
The system aims to improve battery performance, extend lifespan, and reduce maintenance costs, making it suitable for 

scale energy storage systems. Future enhancements may include AI 
integration for advanced analytics and renewable energy integration for sustainability.

METHODOLOGY
System (BMS) in this

methodology encompassing problem identification, literature review, system design, hardware and software integration, 
methodology ensures

reliable, efficient, and scalable solution for battery monitoring and protection, particularly for applications in electric 

BMS technologies.
stamped data logging,

sage, reduced operational life, and increased safety risks. The project aimed to develop an 
based technologies to provide enhanced visibility, control, and safety mechanisms 

study current advancements in battery monitoring. Various approaches, 
enhanced prediction models, and AI-

nsights into the strengths and weaknesses of existing
monitor but also intelligently
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Systems (BMS), especially in electric vehicle (EV) and renewable energy applications. This section reviews key 
opment of intelligent BMS solutions. 

based battery monitoring system using an ESP8266 microcontroller, DS1307 
time monitoring and alerts. They emphasized real

current, and temperature, but noted implementation complexity and cost as limitations. 
introduced a BMS integrating multiple sensors and an online

h (SoH). Their system addresses gaps in regions

time data acquisition with fault detection and 
zation using advanced algorithms. While enhancing vehicle safety, the complexity of data analysis 

proposed an intelligent test system for hybrid EV batteries using 
However, it requires 

- Transformer) for battery life prediction in 
predictions but increases system complexity 

time monitoring and
applications, though it may lack advanced predictive features.

based method for lithium-ion battery
quality data and computational power.

explored integrating machine learning with physics
temperature estimation and degradation analysis, offering high accuracy but demanding significant proce

In summary, the literature highlights the trend toward intelligent,
BMS. While IoT platforms like Blynk offer ease of integration and remote access, machine learning and block

nce prediction accuracy and data integrity. However, challenges remain in complexity, scalability, cost, and 
network dependency. This project aims to balance functionality and affordability by integrating low

scalability and remote accessibility.

This project develops an advanced Battery Management System (BMS) for electric vehicles (EVs) to enhance battery 
sed monitoring using the ESP8266 microcontroller, sensors for voltage, 

stamped data logging. Real

Notifications for anomalies like overvoltage and overheating. 

The system aims to improve battery performance, extend lifespan, and reduce maintenance costs, making it suitable for 
scale energy storage systems. Future enhancements may include AI 

integration for advanced analytics and renewable energy integration for sustainability. 
METHODOLOGY 

this project follows a structured research 
methodology encompassing problem identification, literature review, system design, hardware and software integration, 

ensures a systematic
reliable, efficient, and scalable solution for battery monitoring and protection, particularly for applications in electric 

BMS technologies. Traditional
logging, and predictive maintenance. These gaps 

sage, reduced operational life, and increased safety risks. The project aimed to develop an 
based technologies to provide enhanced visibility, control, and safety mechanisms 

study current advancements in battery monitoring. Various approaches, 
- powered diagnostics, were reviewed. This 

existing systems and
intelligently manage battery health using real
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Systems (BMS), especially in electric vehicle (EV) and renewable energy applications. This section reviews key 

based battery monitoring system using an ESP8266 microcontroller, DS1307 
time monitoring and alerts. They emphasized real-time tracking of volt

 
introduced a BMS integrating multiple sensors and an online monitoring

h (SoH). Their system addresses gaps in regions

time data acquisition with fault detection and 
zation using advanced algorithms. While enhancing vehicle safety, the complexity of data analysis 

proposed an intelligent test system for hybrid EV batteries using distributed
 high computational resources 

Transformer) for battery life prediction in 
but increases system complexity 

time monitoring and fault detection capabilities,
applications, though it may lack advanced predictive features. 

ion battery health 
quality data and computational power.

explored integrating machine learning with physics-based models for 
temperature estimation and degradation analysis, offering high accuracy but demanding significant proce

intelligent, connected,
BMS. While IoT platforms like Blynk offer ease of integration and remote access, machine learning and block

nce prediction accuracy and data integrity. However, challenges remain in complexity, scalability, cost, and 
network dependency. This project aims to balance functionality and affordability by integrating low

scalability and remote accessibility.

This project develops an advanced Battery Management System (BMS) for electric vehicles (EVs) to enhance battery 
sed monitoring using the ESP8266 microcontroller, sensors for voltage, 

stamped data logging. Real-time data is sent

The system aims to improve battery performance, extend lifespan, and reduce maintenance costs, making it suitable for 
scale energy storage systems. Future enhancements may include AI 

follows a structured research 
methodology encompassing problem identification, literature review, system design, hardware and software integration, 

systematic approach toward building a 
reliable, efficient, and scalable solution for battery monitoring and protection, particularly for applications in electric 

Traditional systems often lack features 
and predictive maintenance. These gaps 

sage, reduced operational life, and increased safety risks. The project aimed to develop an 
based technologies to provide enhanced visibility, control, and safety mechanisms 

study current advancements in battery monitoring. Various approaches, 
powered diagnostics, were reviewed. This 

 helped identify research gaps. 
manage battery health using real
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Systems (BMS), especially in electric vehicle (EV) and renewable energy applications. This section reviews key 

based battery monitoring system using an ESP8266 microcontroller, DS1307 
time tracking of voltage, 

monitoring database
h (SoH). Their system addresses gaps in regions lacking real

time data acquisition with fault detection and 
zation using advanced algorithms. While enhancing vehicle safety, the complexity of data analysis 

distributed two-level 
computational resources 

Transformer) for battery life prediction in 
but increases system complexity 

fault detection capabilities,
 

 prediction using
quality data and computational power. 

based models for 
temperature estimation and degradation analysis, offering high accuracy but demanding significant processing capability 

connected, and predictive
BMS. While IoT platforms like Blynk offer ease of integration and remote access, machine learning and block chain 

nce prediction accuracy and data integrity. However, challenges remain in complexity, scalability, cost, and 
network dependency. This project aims to balance functionality and affordability by integrating low- cost hardware, 

scalability and remote accessibility. 

This project develops an advanced Battery Management System (BMS) for electric vehicles (EVs) to enhance battery 
sed monitoring using the ESP8266 microcontroller, sensors for voltage, 

sent to the Blynk 

The system aims to improve battery performance, extend lifespan, and reduce maintenance costs, making it suitable for 
scale energy storage systems. Future enhancements may include AI 

follows a structured research 
methodology encompassing problem identification, literature review, system design, hardware and software integration, 

approach toward building a 
reliable, efficient, and scalable solution for battery monitoring and protection, particularly for applications in electric 

systems often lack features 
and predictive maintenance. These gaps 

sage, reduced operational life, and increased safety risks. The project aimed to develop an 
based technologies to provide enhanced visibility, control, and safety mechanisms 

study current advancements in battery monitoring. Various approaches, 
powered diagnostics, were reviewed. This 

identify research gaps. 
manage battery health using real
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Systems (BMS), especially in electric vehicle (EV) and renewable energy applications. This section reviews key 

based battery monitoring system using an ESP8266 microcontroller, DS1307 
age, 

database to 
real-

time data acquisition with fault detection and 
zation using advanced algorithms. While enhancing vehicle safety, the complexity of data analysis 

level 
computational resources 

Transformer) for battery life prediction in 
but increases system complexity 

fault detection capabilities, 

using 

based models for 
ssing capability 

predictive 
chain 

nce prediction accuracy and data integrity. However, challenges remain in complexity, scalability, cost, and 
cost hardware, 

This project develops an advanced Battery Management System (BMS) for electric vehicles (EVs) to enhance battery 
sed monitoring using the ESP8266 microcontroller, sensors for voltage, 

the Blynk 

The system aims to improve battery performance, extend lifespan, and reduce maintenance costs, making it suitable for 
scale energy storage systems. Future enhancements may include AI 

follows a structured research 
methodology encompassing problem identification, literature review, system design, hardware and software integration, 

approach toward building a 
reliable, efficient, and scalable solution for battery monitoring and protection, particularly for applications in electric 

systems often lack features 
and predictive maintenance. These gaps 

sage, reduced operational life, and increased safety risks. The project aimed to develop an 
based technologies to provide enhanced visibility, control, and safety mechanisms 

study current advancements in battery monitoring. Various approaches, 
powered diagnostics, were reviewed. This 

identify research gaps. 
manage battery health using real-
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3. System 
Based on the insights gathered, the system design phase
such as the ESP8266 microcontroller for wireless connectivity, voltage and current sensors (ZMPT101B and ACS712), a 
DHT11 temper
designed using the Arduino IDE and Embedded C/C++ to program the microcontroller. The Blynk IoT platform was 
integrated to
System diagrams and data flow architectures were created to illustrate the interaction between sensors, the 
microcontroller, and cloud servers.
4. Hardware
Hardware compon
layout for stability. Each sensor was calibrated and tested independently before being interfaced with the microcontroller. 
The ESP8266
platform in real
along with historical data logging using the RTC.
5. Software
The software development phase involved writing embedded code in C/C++ to handle all aspects of sensor data 
acquisition, processing, and control. Specific functions were implemented to trigger alerts when anomalies such as 
overvoltage, over
loads or chargers during fault conditions. The Blynk dashboard was customized to display real
automated push notifications to the user
6. Testing 
The integrated system was subjected to rigorous testing and validation under different battery charging and discharging 
conditions. Performance parameters 
stability were measured. The results demonstrated
operations effectively. Real
integrity of the proposed design.
7. System 
The final phase focused on system evaluation and optimization. The system was assessed for energy efficiency, low
communication, and scalability.
prediction and enhancing data analytics dashboards, were identified for future work. The research process was thoroughly 
documented, and the r
code explanations to support reproducibility and further development.
employed in this project ensured a disciplined
problems. By leveraging IoT technology, embedded systems, and cloud
innovative solution that combines affordability, intelligence, and scala
foundation for future enhancements and real

The proposed system presents a comprehensive solution for real
sensors, embedded systems, and cloud
safety, performance, and lifespan of batteries used in diverse application areas such as electric vehicles, re
storage systems, and industrial backup power supplies.

A. Hardware
The hardware implementation of the IoT
sensors and electronic components with a microcontroller to monitor and manage battery performance in real
Each component plays a critical role in data acquisition, protection, and wireless communication. 
The system is designed to be compact, 
energy storage units, and industrial battery applications.
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 Design 
Based on the insights gathered, the system design phase
such as the ESP8266 microcontroller for wireless connectivity, voltage and current sensors (ZMPT101B and ACS712), a 
DHT11 temperature sensor, and an RTC DS1307 module for time
designed using the Arduino IDE and Embedded C/C++ to program the microcontroller. The Blynk IoT platform was 

to visualize real
System diagrams and data flow architectures were created to illustrate the interaction between sensors, the 
microcontroller, and cloud servers.

Hardware and Software
Hardware components were procured and integrated on a breadboard for initial testing, then transitioned to a PCB 
layout for stability. Each sensor was calibrated and tested independently before being interfaced with the microcontroller. 

ESP8266 was programmed
platform in real-time. This enabled real
along with historical data logging using the RTC.

Software Development
The software development phase involved writing embedded code in C/C++ to handle all aspects of sensor data 
acquisition, processing, and control. Specific functions were implemented to trigger alerts when anomalies such as 
overvoltage, over current, or overheating were detected. Relay modules were controlled programmatically to disconnect 
loads or chargers during fault conditions. The Blynk dashboard was customized to display real
automated push notifications to the user

 and Validation
The integrated system was subjected to rigorous testing and validation under different battery charging and discharging 
conditions. Performance parameters 
stability were measured. The results demonstrated
operations effectively. Real
integrity of the proposed design.

 Evaluation and
The final phase focused on system evaluation and optimization. The system was assessed for energy efficiency, low

nication, and scalability.
prediction and enhancing data analytics dashboards, were identified for future work. The research process was thoroughly 
documented, and the results were compiled into a detailed technical report including block diagrams, tables, graphs, and 
code explanations to support reproducibility and further development.
employed in this project ensured a disciplined
problems. By leveraging IoT technology, embedded systems, and cloud
innovative solution that combines affordability, intelligence, and scala
foundation for future enhancements and real

The proposed system presents a comprehensive solution for real
sensors, embedded systems, and cloud
safety, performance, and lifespan of batteries used in diverse application areas such as electric vehicles, re
storage systems, and industrial backup power supplies.

Hardware Components
The hardware implementation of the IoT
sensors and electronic components with a microcontroller to monitor and manage battery performance in real
Each component plays a critical role in data acquisition, protection, and wireless communication. 
The system is designed to be compact, 
energy storage units, and industrial battery applications.
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Based on the insights gathered, the system design phase
such as the ESP8266 microcontroller for wireless connectivity, voltage and current sensors (ZMPT101B and ACS712), a 

ature sensor, and an RTC DS1307 module for time
designed using the Arduino IDE and Embedded C/C++ to program the microcontroller. The Blynk IoT platform was 

real-time battery
System diagrams and data flow architectures were created to illustrate the interaction between sensors, the 
microcontroller, and cloud servers. 

Software Integration
ents were procured and integrated on a breadboard for initial testing, then transitioned to a PCB 

layout for stability. Each sensor was calibrated and tested independently before being interfaced with the microcontroller. 
programmed to read

time. This enabled real
along with historical data logging using the RTC.

Development 
The software development phase involved writing embedded code in C/C++ to handle all aspects of sensor data 
acquisition, processing, and control. Specific functions were implemented to trigger alerts when anomalies such as 

rrent, or overheating were detected. Relay modules were controlled programmatically to disconnect 
loads or chargers during fault conditions. The Blynk dashboard was customized to display real
automated push notifications to the user

Validation 
The integrated system was subjected to rigorous testing and validation under different battery charging and discharging 
conditions. Performance parameters such as sensor accuracy, communication delay, alert response time, and system 
stability were measured. The results demonstrated
operations effectively. Real-time updates, accurate sensor 
integrity of the proposed design. 

and Optimization
The final phase focused on system evaluation and optimization. The system was assessed for energy efficiency, low

nication, and scalability. Opportunities
prediction and enhancing data analytics dashboards, were identified for future work. The research process was thoroughly 

esults were compiled into a detailed technical report including block diagrams, tables, graphs, and 
code explanations to support reproducibility and further development.
employed in this project ensured a disciplined
problems. By leveraging IoT technology, embedded systems, and cloud
innovative solution that combines affordability, intelligence, and scala
foundation for future enhancements and real

The proposed system presents a comprehensive solution for real
sensors, embedded systems, and cloud
safety, performance, and lifespan of batteries used in diverse application areas such as electric vehicles, re
storage systems, and industrial backup power supplies.

Fig1. Block
Components 

The hardware implementation of the IoT
sensors and electronic components with a microcontroller to monitor and manage battery performance in real
Each component plays a critical role in data acquisition, protection, and wireless communication. 
The system is designed to be compact, 
energy storage units, and industrial battery applications.
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Based on the insights gathered, the system design phase
such as the ESP8266 microcontroller for wireless connectivity, voltage and current sensors (ZMPT101B and ACS712), a 

ature sensor, and an RTC DS1307 module for time
designed using the Arduino IDE and Embedded C/C++ to program the microcontroller. The Blynk IoT platform was 

battery parameters
System diagrams and data flow architectures were created to illustrate the interaction between sensors, the 

Integration 
ents were procured and integrated on a breadboard for initial testing, then transitioned to a PCB 

layout for stability. Each sensor was calibrated and tested independently before being interfaced with the microcontroller. 
read sensor data, apply

time. This enabled real-time visualization and remote monitoring of voltage, current, and temperature, 
along with historical data logging using the RTC. 

The software development phase involved writing embedded code in C/C++ to handle all aspects of sensor data 
acquisition, processing, and control. Specific functions were implemented to trigger alerts when anomalies such as 

rrent, or overheating were detected. Relay modules were controlled programmatically to disconnect 
loads or chargers during fault conditions. The Blynk dashboard was customized to display real
automated push notifications to the user in case of critical events, ensuring safety and proactive system management.

The integrated system was subjected to rigorous testing and validation under different battery charging and discharging 
such as sensor accuracy, communication delay, alert response time, and system 

stability were measured. The results demonstrated 
time updates, accurate sensor 

Optimization 
The final phase focused on system evaluation and optimization. The system was assessed for energy efficiency, low

Opportunities for improvement,
prediction and enhancing data analytics dashboards, were identified for future work. The research process was thoroughly 

esults were compiled into a detailed technical report including block diagrams, tables, graphs, and 
code explanations to support reproducibility and further development.
employed in this project ensured a disciplined and comprehensive approach to solving real
problems. By leveraging IoT technology, embedded systems, and cloud
innovative solution that combines affordability, intelligence, and scala
foundation for future enhancements and real-world deployment in electric vehicle and energy storage domains.

VI.
The proposed system presents a comprehensive solution for real
sensors, embedded systems, and cloud-based software platforms. The primary objective of this project is to enhance the 
safety, performance, and lifespan of batteries used in diverse application areas such as electric vehicles, re
storage systems, and industrial backup power supplies.

Block Diagram of

The hardware implementation of the IoT-based Battery Management System (BMS) involves the
sensors and electronic components with a microcontroller to monitor and manage battery performance in real
Each component plays a critical role in data acquisition, protection, and wireless communication. 
The system is designed to be compact, cost-effective, and energy
energy storage units, and industrial battery applications.
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Based on the insights gathered, the system design phase was initiated.
such as the ESP8266 microcontroller for wireless connectivity, voltage and current sensors (ZMPT101B and ACS712), a 

ature sensor, and an RTC DS1307 module for time
designed using the Arduino IDE and Embedded C/C++ to program the microcontroller. The Blynk IoT platform was 

parameters and provide
System diagrams and data flow architectures were created to illustrate the interaction between sensors, the 

ents were procured and integrated on a breadboard for initial testing, then transitioned to a PCB 
layout for stability. Each sensor was calibrated and tested independently before being interfaced with the microcontroller. 

data, apply threshold
time visualization and remote monitoring of voltage, current, and temperature, 

The software development phase involved writing embedded code in C/C++ to handle all aspects of sensor data 
acquisition, processing, and control. Specific functions were implemented to trigger alerts when anomalies such as 

rrent, or overheating were detected. Relay modules were controlled programmatically to disconnect 
loads or chargers during fault conditions. The Blynk dashboard was customized to display real

in case of critical events, ensuring safety and proactive system management.

The integrated system was subjected to rigorous testing and validation under different battery charging and discharging 
such as sensor accuracy, communication delay, alert response time, and system 

 the reliability
time updates, accurate sensor readings, and timely notifications validated the functional 

The final phase focused on system evaluation and optimization. The system was assessed for energy efficiency, low
improvement, 

prediction and enhancing data analytics dashboards, were identified for future work. The research process was thoroughly 
esults were compiled into a detailed technical report including block diagrams, tables, graphs, and 

code explanations to support reproducibility and further development.
and comprehensive approach to solving real

problems. By leveraging IoT technology, embedded systems, and cloud
innovative solution that combines affordability, intelligence, and scala

world deployment in electric vehicle and energy storage domains.
VI. EXPERIMENT

The proposed system presents a comprehensive solution for real
based software platforms. The primary objective of this project is to enhance the 

safety, performance, and lifespan of batteries used in diverse application areas such as electric vehicles, re
storage systems, and industrial backup power supplies. 

of IoT-Based Battery Management System

based Battery Management System (BMS) involves the
sensors and electronic components with a microcontroller to monitor and manage battery performance in real
Each component plays a critical role in data acquisition, protection, and wireless communication. 

effective, and energy
energy storage units, and industrial battery applications. 
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initiated. The hardware
such as the ESP8266 microcontroller for wireless connectivity, voltage and current sensors (ZMPT101B and ACS712), a 

ature sensor, and an RTC DS1307 module for time stamped logging. The software architecture was 
designed using the Arduino IDE and Embedded C/C++ to program the microcontroller. The Blynk IoT platform was 

provide remote access
System diagrams and data flow architectures were created to illustrate the interaction between sensors, the 

ents were procured and integrated on a breadboard for initial testing, then transitioned to a PCB 
layout for stability. Each sensor was calibrated and tested independently before being interfaced with the microcontroller. 

threshold-based 
time visualization and remote monitoring of voltage, current, and temperature, 

The software development phase involved writing embedded code in C/C++ to handle all aspects of sensor data 
acquisition, processing, and control. Specific functions were implemented to trigger alerts when anomalies such as 

rrent, or overheating were detected. Relay modules were controlled programmatically to disconnect 
loads or chargers during fault conditions. The Blynk dashboard was customized to display real

in case of critical events, ensuring safety and proactive system management.

The integrated system was subjected to rigorous testing and validation under different battery charging and discharging 
such as sensor accuracy, communication delay, alert response time, and system 

reliability and responsiveness
readings, and timely notifications validated the functional 

The final phase focused on system evaluation and optimization. The system was assessed for energy efficiency, low
 such as integrating machine learning for battery health 

prediction and enhancing data analytics dashboards, were identified for future work. The research process was thoroughly 
esults were compiled into a detailed technical report including block diagrams, tables, graphs, and 

code explanations to support reproducibility and further development. In
and comprehensive approach to solving real

problems. By leveraging IoT technology, embedded systems, and cloud-based platforms, the developed BMS provides an 
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world deployment in electric vehicle and energy storage domains.
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based Battery Management System (BMS) involves the
sensors and electronic components with a microcontroller to monitor and manage battery performance in real
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ESP8266 Microcontroller:
that facilitates sensor data processing
current, and temperature), processes the information, and transmits it to the Blynk IoT platform. Its built
capability eliminates

Voltage Sensor (ZMPT101B): 
It is a high-precisio
voltage. The sensor ensures that the battery does not exceed its voltage limits, protecting it from overvoltage and under
voltage conditions.

Current Sensor (ACS712 5A):
of the battery. It uses the Hall
This sensor helps in detecting over

Temperature Sensor (DHT11): 
provides digital readings of temperature and humidity, which are essential for ensuring thermal safety. If the temperature 
crosses predefined thresholds, the system can take protective
mechanisms.
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ESP8266 Microcontroller: At the core of the system is the ESP8266 Node
t facilitates sensor data processing

current, and temperature), processes the information, and transmits it to the Blynk IoT platform. Its built
need for additional network modules, making it an ideal choice for IoT

Voltage Sensor (ZMPT101B): The ZMPT101B voltage sensor is used to measure the real
n AC voltage sensor with electrical isolation that provides an analogy output proportional to the input 

voltage. The sensor ensures that the battery does not exceed its voltage limits, protecting it from overvoltage and under

Current Sensor (ACS712 5A): The ACS712 5A current sensor is used to monitor the charge and discharge current 
of the battery. It uses the Hall- effect principle to provide an analogy voltage output

sensor helps in detecting over current conditions and enables efficient power monitoring and control.

Temperature Sensor (DHT11): The DHT11 sensor is used to monitor the ambient temperature near the battery. It 
es digital readings of temperature and humidity, which are essential for ensuring thermal safety. If the temperature 

crosses predefined thresholds, the system can take protective
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At the core of the system is the ESP8266 Node
 and wireless

current, and temperature), processes the information, and transmits it to the Blynk IoT platform. Its built
additional network modules, making it an ideal choice for IoT

Fig1.ESP8266
The ZMPT101B voltage sensor is used to measure the real

n AC voltage sensor with electrical isolation that provides an analogy output proportional to the input 
voltage. The sensor ensures that the battery does not exceed its voltage limits, protecting it from overvoltage and under

Fig 2. Vol
The ACS712 5A current sensor is used to monitor the charge and discharge current 

effect principle to provide an analogy voltage output
current conditions and enables efficient power monitoring and control.

Fig 3. Current
The DHT11 sensor is used to monitor the ambient temperature near the battery. It 

es digital readings of temperature and humidity, which are essential for ensuring thermal safety. If the temperature 
crosses predefined thresholds, the system can take protective

Fig 4. Temperature
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wireless communication.

current, and temperature), processes the information, and transmits it to the Blynk IoT platform. Its built
additional network modules, making it an ideal choice for IoT
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voltage. The sensor ensures that the battery does not exceed its voltage limits, protecting it from overvoltage and under

Voltage Sensor 
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effect principle to provide an analogy voltage output
current conditions and enables efficient power monitoring and control.

Current Sensor
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es digital readings of temperature and humidity, which are essential for ensuring thermal safety. If the temperature 
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communication. It collects data from connected sensors (voltage, 

current, and temperature), processes the information, and transmits it to the Blynk IoT platform. Its built
additional network modules, making it an ideal choice for IoT

Microcontroller 
The ZMPT101B voltage sensor is used to measure the real

n AC voltage sensor with electrical isolation that provides an analogy output proportional to the input 
voltage. The sensor ensures that the battery does not exceed its voltage limits, protecting it from overvoltage and under

 (ZMPT101B)
The ACS712 5A current sensor is used to monitor the charge and discharge current 

effect principle to provide an analogy voltage output
current conditions and enables efficient power monitoring and control.

Sensor (ACS7125A)
The DHT11 sensor is used to monitor the ambient temperature near the battery. It 

es digital readings of temperature and humidity, which are essential for ensuring thermal safety. If the temperature 
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MCU, a Wi-Fi- enabled microcontroller 
collects data from connected sensors (voltage, 

current, and temperature), processes the information, and transmits it to the Blynk IoT platform. Its built
additional network modules, making it an ideal choice for IoT-based applications.

The ZMPT101B voltage sensor is used to measure the real-time voltage of the battery. 
n AC voltage sensor with electrical isolation that provides an analogy output proportional to the input 

voltage. The sensor ensures that the battery does not exceed its voltage limits, protecting it from overvoltage and under

The ACS712 5A current sensor is used to monitor the charge and discharge current 
corresponding to the

current conditions and enables efficient power monitoring and control.

The DHT11 sensor is used to monitor the ambient temperature near the battery. It 
es digital readings of temperature and humidity, which are essential for ensuring thermal safety. If the temperature 
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enabled microcontroller 
collects data from connected sensors (voltage, 

current, and temperature), processes the information, and transmits it to the Blynk IoT platform. Its built-in Wi
based applications. 

time voltage of the battery. 
n AC voltage sensor with electrical isolation that provides an analogy output proportional to the input 

voltage. The sensor ensures that the battery does not exceed its voltage limits, protecting it from overvoltage and under

The ACS712 5A current sensor is used to monitor the charge and discharge current 
the current flow.
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Real-Time Clock (RTC) DS1307:
logging. It enables the system to maintain a chronological record of battery behavior,
analysis and 
cell battery. 

Relay Module
load or charger. It is triggered
deep discharge,

Power Suppl
voltage regulator ensures stable operation and protects the system from voltage fluctuations. Proper isolation and power 
filtering are implemented
B. Software
Arduino ID:
development for the ESP8266 microcontroller
it directly tothemicrocontroller.TheESP8266isresponsible for reading sensor data (such as battery voltage, current, and 
temperature) and performing necessary calculations like state
Arduino IDE enables the development of firmware that communicates wirelessly with the Blynk IoT platform, ensuring 
real-time monitoring and control.
microcontroll

Blynk IoT Platform:
notifications 
user, allowing seamless connectivity over the internet. By leveraging Blynk, users can remotely monitor battery 
parameters such as voltage, current, and temperature via a mobile application or web dashboard. This cloud
approach ensures con
One of the 
monitoring interface effortlessly. Throug
statistics using graphs,
understanding battery health at a glance. Additionally, Blynk su
performance
detection. 
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Time Clock (RTC) DS1307:
logging. It enables the system to maintain a chronological record of battery behavior,

 predictive maintenance.
 

Relay Module: The relay module acts as an electronics
load or charger. It is triggered
deep discharge, or excessive

Power Supply and Voltage Regulation
voltage regulator ensures stable operation and protects the system from voltage fluctuations. Proper isolation and power 

implemented to
Software Components

ID: The Arduino
development for the ESP8266 microcontroller
it directly tothemicrocontroller.TheESP8266isresponsible for reading sensor data (such as battery voltage, current, and 
temperature) and performing necessary calculations like state
Arduino IDE enables the development of firmware that communicates wirelessly with the Blynk IoT platform, ensuring 

time monitoring and control.
microcontroller. 

Blynk IoT Platform: The Blynk IoT platform plays a crucial role in real
 for the Battery Management System (BMS). It acts as a bridge between the ESP8266 microcontroll

user, allowing seamless connectivity over the internet. By leveraging Blynk, users can remotely monitor battery 
parameters such as voltage, current, and temperature via a mobile application or web dashboard. This cloud
approach ensures continuous access to battery data from anywhere,

 key strengths
monitoring interface effortlessly. Throug
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Time Clock (RTC) DS1307: The DS1307 RTC module is responsible for providing accurate timestamps for data 
logging. It enables the system to maintain a chronological record of battery behavior,

maintenance. The

The relay module acts as an electronics
load or charger. It is triggered by the microcontroller to disconnect the battery during conditions such as overcharging, 

excessive heating, thereby

y and Voltage Regulation
voltage regulator ensures stable operation and protects the system from voltage fluctuations. Proper isolation and power 

to prevent electrical
Components 
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development for the ESP8266 microcontroller
it directly tothemicrocontroller.TheESP8266isresponsible for reading sensor data (such as battery voltage, current, and 
temperature) and performing necessary calculations like state
Arduino IDE enables the development of firmware that communicates wirelessly with the Blynk IoT platform, ensuring 

time monitoring and control. The

The Blynk IoT platform plays a crucial role in real
Battery Management System (BMS). It acts as a bridge between the ESP8266 microcontroll

user, allowing seamless connectivity over the internet. By leveraging Blynk, users can remotely monitor battery 
parameters such as voltage, current, and temperature via a mobile application or web dashboard. This cloud
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The DS1307 RTC module is responsible for providing accurate timestamps for data 
logging. It enables the system to maintain a chronological record of battery behavior,

The RTC continues

F
The relay module acts as an electronics

by the microcontroller to disconnect the battery during conditions such as overcharging, 
thereby enhancing safety and prolonging battery life.

F
y and Voltage Regulation: A regulated 5V power supply is used to operate the ESP8266 and sensors. A 

voltage regulator ensures stable operation and protects the system from voltage fluctuations. Proper isolation and power 
electrical noise from affecting sensor accuracy.

Integrated Development Environment (IDE) is a key tool for programming and firmware 
development for the ESP8266 microcontroller used 
it directly tothemicrocontroller.TheESP8266isresponsible for reading sensor data (such as battery voltage, current, and 
temperature) and performing necessary calculations like state
Arduino IDE enables the development of firmware that communicates wirelessly with the Blynk IoT platform, ensuring 

The IDE allows

Fig 
The Blynk IoT platform plays a crucial role in real

Battery Management System (BMS). It acts as a bridge between the ESP8266 microcontroll
user, allowing seamless connectivity over the internet. By leveraging Blynk, users can remotely monitor battery 
parameters such as voltage, current, and temperature via a mobile application or web dashboard. This cloud

tinuous access to battery data from anywhere,
 its intuitive 

monitoring interface effortlessly. Through the Blynk mobile or web application, users
status indicators.

understanding battery health at a glance. Additionally, Blynk su
-term battery behavior, which is essential for predictive maintenance and fault 
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The DS1307 RTC module is responsible for providing accurate timestamps for data 
logging. It enables the system to maintain a chronological record of battery behavior,

continues to function even during power loss, thanks to its onboard coin 

Fig5. RTCDS1307
The relay module acts as an electronics witch to

by the microcontroller to disconnect the battery during conditions such as overcharging, 
enhancing safety and prolonging battery life.

Fig 6. Relay Module
A regulated 5V power supply is used to operate the ESP8266 and sensors. A 

voltage regulator ensures stable operation and protects the system from voltage fluctuations. Proper isolation and power 
noise from affecting sensor accuracy.

Development Environment (IDE) is a key tool for programming and firmware 
 in your BMS. 

it directly tothemicrocontroller.TheESP8266isresponsible for reading sensor data (such as battery voltage, current, and 
temperature) and performing necessary calculations like state-of
Arduino IDE enables the development of firmware that communicates wirelessly with the Blynk IoT platform, ensuring 

allows you to write

ig 7. Arduino IDE
The Blynk IoT platform plays a crucial role in real

Battery Management System (BMS). It acts as a bridge between the ESP8266 microcontroll
user, allowing seamless connectivity over the internet. By leveraging Blynk, users can remotely monitor battery 
parameters such as voltage, current, and temperature via a mobile application or web dashboard. This cloud

tinuous access to battery data from anywhere,
 and user-friendly dashboard, which allows users to customize their 

h the Blynk mobile or web application, users
indicators. The ability

understanding battery health at a glance. Additionally, Blynk su
term battery behavior, which is essential for predictive maintenance and fault 
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to control the

by the microcontroller to disconnect the battery during conditions such as overcharging, 
enhancing safety and prolonging battery life.
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A regulated 5V power supply is used to operate the ESP8266 and sensors. A 

voltage regulator ensures stable operation and protects the system from voltage fluctuations. Proper isolation and power 
noise from affecting sensor accuracy.

Development Environment (IDE) is a key tool for programming and firmware 
 The IDE allows

it directly tothemicrocontroller.TheESP8266isresponsible for reading sensor data (such as battery voltage, current, and 
of-charge (SOC) and health monitori

Arduino IDE enables the development of firmware that communicates wirelessly with the Blynk IoT platform, ensuring 
write code in

IDE logo 
The Blynk IoT platform plays a crucial role in real-time monitoring, data visualization,

Battery Management System (BMS). It acts as a bridge between the ESP8266 microcontroll
user, allowing seamless connectivity over the internet. By leveraging Blynk, users can remotely monitor battery 
parameters such as voltage, current, and temperature via a mobile application or web dashboard. This cloud

tinuous access to battery data from anywhere, enhancing
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The DS1307 RTC module is responsible for providing accurate timestamps for data 
logging. It enables the system to maintain a chronological record of battery behavior, which is useful for

to function even during power loss, thanks to its onboard coin 

the connection 
by the microcontroller to disconnect the battery during conditions such as overcharging, 

enhancing safety and prolonging battery life. 

A regulated 5V power supply is used to operate the ESP8266 and sensors. A 
voltage regulator ensures stable operation and protects the system from voltage fluctuations. Proper isolation and power 

noise from affecting sensor accuracy. 

Development Environment (IDE) is a key tool for programming and firmware 
allows you to write code in C/C++ and upload 

it directly tothemicrocontroller.TheESP8266isresponsible for reading sensor data (such as battery voltage, current, and 
charge (SOC) and health monitori

Arduino IDE enables the development of firmware that communicates wirelessly with the Blynk IoT platform, ensuring 
in C/C++ and upload it directly to the 

time monitoring, data visualization,
Battery Management System (BMS). It acts as a bridge between the ESP8266 microcontroll

user, allowing seamless connectivity over the internet. By leveraging Blynk, users can remotely monitor battery 
parameters such as voltage, current, and temperature via a mobile application or web dashboard. This cloud

enhancing user convenience
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by the microcontroller to disconnect the battery during conditions such as overcharging, 

A regulated 5V power supply is used to operate the ESP8266 and sensors. A 
voltage regulator ensures stable operation and protects the system from voltage fluctuations. Proper isolation and power 
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you to write code in C/C++ and upload 

it directly tothemicrocontroller.TheESP8266isresponsible for reading sensor data (such as battery voltage, current, and 
charge (SOC) and health monitoring. Additionally, the 

Arduino IDE enables the development of firmware that communicates wirelessly with the Blynk IoT platform, ensuring 
C/C++ and upload it directly to the 

time monitoring, data visualization,
Battery Management System (BMS). It acts as a bridge between the ESP8266 microcontroll
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parameters such as voltage, current, and temperature via a mobile application or web dashboard. This cloud
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A regulated 5V power supply is used to operate the ESP8266 and sensors. A 
voltage regulator ensures stable operation and protects the system from voltage fluctuations. Proper isolation and power 
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A significant feature of Blynk is its push notification system, which ale
faults. For instance, if the system detects over
Blynk sends real
informed about
can be configured based on custom

Bynk also supports bi
components. For example, if an overheating event is detected, users can manually activate
disconnect loads
and improves overall efficiency.
storage and minimal latency in communication. 

The system implementation
transmission and real
wireless approach
system, developing
with the software.
Embedded 
requirements, and operates
implementation
hardware setup,
communication protocols in the BMS. For your
C/C++ is used
the operation,
Ultimately, this phase aims to ensure
optimized, and
resources, ensuring
Cloud Communication Protocols
transmission 
communicate with external services like the Blynk IoT platform. Common protocols for IoT include MQTT (Message 
Queuing Telemetry Transport) and HTTP (Hyper Text Transfer Protocol), which enable efficient data
devices and 
monitored and controlled from any location
when needed.
A. Components
 
 
 
 
 
 
 
 
B. HARDWARE
The battery management system, powered by IoT technology,
guarantee effective monitoring and control.
handling data acquisition and communication with the cloud looksasshowninfigurea12vrechargeablebattery pack serves as 
the power source, with continuous monitoring of
The system incorporates an rtc module (ds1307) that records timestamps, allowing for the tracking of battery health over 
time. The zmpt101b voltage sensor is responsible for measuring real
monitors the
monitoring battery temperature fluctuations.
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A significant feature of Blynk is its push notification system, which ale
instance, if the system detects over

Blynk sends real-time notifications to the user’s mobile device or email. This fe
about potential 

can be configured based on custom

Bynk also supports bi-directional communication, meaning users can send commands remotely to control various system 
components. For example, if an overheating event is detected, users can manually activate

loads via the Blynkapp.
and improves overall efficiency.

rage and minimal latency in communication. 

implementation
transmission and real-time response. Unlike traditional monitoring 

approach makes 
developing the software
software. The primary

 C/C++: Embedded
requirements, and operates
implementation process follows

setup, followed for
communication protocols in the BMS. For your

used to write validated
operation, high accuracy, and

Ultimately, this phase aims to ensure
and languages allow efficient memory management, real
ensuring the smooth

Cloud Communication Protocols
 and remote

communicate with external services like the Blynk IoT platform. Common protocols for IoT include MQTT (Message 
emetry Transport) and HTTP (Hyper Text Transfer Protocol), which enable efficient data
 servers. Cloud communication

monitored and controlled from any location
when needed. 

Components Required

HARDWARE IMPLEMENTATION
The battery management system, powered by IoT technology,
guarantee effective monitoring and control.
handling data acquisition and communication with the cloud looksasshowninfigurea12vrechargeablebattery pack serves as 
the power source, with continuous monitoring of
The system incorporates an rtc module (ds1307) that records timestamps, allowing for the tracking of battery health over 
time. The zmpt101b voltage sensor is responsible for measuring real

the flow of current.
monitoring battery temperature fluctuations.
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A significant feature of Blynk is its push notification system, which ale
instance, if the system detects over

time notifications to the user’s mobile device or email. This fe
 battery issues, enabling them to take corrective actions before any damage occurs. These alerts 

can be configured based on custom-defined thresholds, ensuring proactive monitoring and enhanced 

directional communication, meaning users can send commands remotely to control various system 
components. For example, if an overheating event is detected, users can manually activate

Blynkapp. This 
and improves overall efficiency. Another advantage of Blynk is its cloud

rage and minimal latency in communication. 

implementation Blynk cloud
time response. Unlike traditional monitoring 

 into a working model. This stage involves assembling the hardware components, configuring the
software modules,
primary objective is

Embedded C/C++
requirements, and operates efficiently und

follows a structured control
followed for working

communication protocols in the BMS. For your
validated through

accuracy, and real
Ultimately, this phase aims to ensure

languages allow efficient memory management, real
smooth operation of the BMS.

Cloud Communication Protocols
remote access to the BMS. These protocols allow the ESP8266 to send data to the cloud or 

communicate with external services like the Blynk IoT platform. Common protocols for IoT include MQTT (Message 
emetry Transport) and HTTP (Hyper Text Transfer Protocol), which enable efficient data

Cloud communication
monitored and controlled from any location

Required 

IMPLEMENTATION
The battery management system, powered by IoT technology,
guarantee effective monitoring and control.
handling data acquisition and communication with the cloud looksasshowninfigurea12vrechargeablebattery pack serves as 
the power source, with continuous monitoring of
The system incorporates an rtc module (ds1307) that records timestamps, allowing for the tracking of battery health over 
time. The zmpt101b voltage sensor is responsible for measuring real

current. A temperature
monitoring battery temperature fluctuations.
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A significant feature of Blynk is its push notification system, which ale
instance, if the system detects over-voltage, deep discharge, excessive temperature, or current fluctuations, 

time notifications to the user’s mobile device or email. This fe
battery issues, enabling them to take corrective actions before any damage occurs. These alerts 

defined thresholds, ensuring proactive monitoring and enhanced 

Fig 8. 
directional communication, meaning users can send commands remotely to control various system 

components. For example, if an overheating event is detected, users can manually activate
 interactive feature

Another advantage of Blynk is its cloud
rage and minimal latency in communication.  

VII. SYSTEM
cloud via Wi-Fi, ensuring

time response. Unlike traditional monitoring 
into a working model. This stage involves assembling the hardware components, configuring the

modules, and deployment
objective is to ensure

C/C++ is the primary
under different

structured control
working with sensors,

communication protocols in the BMS. For your system integration. The system's functionality is project,
through multiple tests

real-time monitoring data (e.g., calculating battery state
Ultimately, this phase aims to ensure communicates

languages allow efficient memory management, real
operation of the BMS.

Cloud Communication Protocols: Cloud communication
the BMS. These protocols allow the ESP8266 to send data to the cloud or 

communicate with external services like the Blynk IoT platform. Common protocols for IoT include MQTT (Message 
emetry Transport) and HTTP (Hyper Text Transfer Protocol), which enable efficient data

Cloud communication protocols
monitored and controlled from any location with internet access, providing real

IMPLEMENTATION 
The battery management system, powered by IoT technology,
guarantee effective monitoring and control. The esp8266/esp32
handling data acquisition and communication with the cloud looksasshowninfigurea12vrechargeablebattery pack serves as 
the power source, with continuous monitoring of its voltage, current, and temperature to maintain
The system incorporates an rtc module (ds1307) that records timestamps, allowing for the tracking of battery health over 
time. The zmpt101b voltage sensor is responsible for measuring real

temperature sensor (dht11 or ds18b20) guarantees thermal safety by continuously 
monitoring battery temperature fluctuations. 
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A significant feature of Blynk is its push notification system, which ale
voltage, deep discharge, excessive temperature, or current fluctuations, 

time notifications to the user’s mobile device or email. This fe
battery issues, enabling them to take corrective actions before any damage occurs. These alerts 

defined thresholds, ensuring proactive monitoring and enhanced 

 Blynk IoT Platform logo
directional communication, meaning users can send commands remotely to control various system 

components. For example, if an overheating event is detected, users can manually activate
feature provides

Another advantage of Blynk is its cloud

SYSTEM IMPLEMENTATION
ensuring  fast data

time response. Unlike traditional monitoring 
into a working model. This stage involves assembling the hardware components, configuring the

deployment simpler,
to ensure the system 
the primary programming
different conditions. 

structured control over hardware
sensors, actuators,

system integration. The system's functionality is project,
tests to ensure

monitoring data (e.g., calculating battery state
communicates with the 

languages allow efficient memory management, real
operation of the BMS. 

Cloud communication
the BMS. These protocols allow the ESP8266 to send data to the cloud or 

communicate with external services like the Blynk IoT platform. Common protocols for IoT include MQTT (Message 
emetry Transport) and HTTP (Hyper Text Transfer Protocol), which enable efficient data

protocols ensure that
with internet access, providing real

The battery management system, powered by IoT technology, is
esp8266/esp32

handling data acquisition and communication with the cloud looksasshowninfigurea12vrechargeablebattery pack serves as 
its voltage, current, and temperature to maintain

The system incorporates an rtc module (ds1307) that records timestamps, allowing for the tracking of battery health over 
time. The zmpt101b voltage sensor is responsible for measuring real

sensor (dht11 or ds18b20) guarantees thermal safety by continuously 

Component
ESP32 Microcontroller

Lithium-ion Battery(18650)
Voltage Sensor (ZMPT101B)
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A significant feature of Blynk is its push notification system, which alerts users in case of abnormal
voltage, deep discharge, excessive temperature, or current fluctuations, 

time notifications to the user’s mobile device or email. This fe
battery issues, enabling them to take corrective actions before any damage occurs. These alerts 

defined thresholds, ensuring proactive monitoring and enhanced 

Platform logo 
directional communication, meaning users can send commands remotely to control various system 

components. For example, if an overheating event is detected, users can manually activate
provides greater 

Another advantage of Blynk is its cloud-based infrastructure, which ensures secure data 

IMPLEMENTATION
data phase is crucial

time response. Unlike traditional monitoring systems that rely on wired connections,
into a working model. This stage involves assembling the hardware components, configuring the

simpler, scalable, and
 functions 

programming language
 The microcontroller

hardware components,
rs, and by software development,

system integration. The system's functionality is project,
ensure seamless firmware

monitoring data (e.g., calculating battery state
 Blynk platform.

languages allow efficient memory management, real-time processing, and direct interaction with hardware

Cloud communication protocols 
the BMS. These protocols allow the ESP8266 to send data to the cloud or 

communicate with external services like the Blynk IoT platform. Common protocols for IoT include MQTT (Message 
emetry Transport) and HTTP (Hyper Text Transfer Protocol), which enable efficient data

that data from
with internet access, providing real

is constructed
esp8266/esp32 microcontrol

handling data acquisition and communication with the cloud looksasshowninfigurea12vrechargeablebattery pack serves as 
its voltage, current, and temperature to maintain

The system incorporates an rtc module (ds1307) that records timestamps, allowing for the tracking of battery health over 
time. The zmpt101b voltage sensor is responsible for measuring real-time voltage, while the acs712 (5a) current s

sensor (dht11 or ds18b20) guarantees thermal safety by continuously 
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rts users in case of abnormal
voltage, deep discharge, excessive temperature, or current fluctuations, 

time notifications to the user’s mobile device or email. This feature ensures that users
battery issues, enabling them to take corrective actions before any damage occurs. These alerts 

defined thresholds, ensuring proactive monitoring and enhanced 

directional communication, meaning users can send commands remotely to control various system 
components. For example, if an overheating event is detected, users can manually activate

 control over
based infrastructure, which ensures secure data 

IMPLEMENTATION 
crucial as it transforms

systems that rely on wired connections,
into a working model. This stage involves assembling the hardware components, configuring the

and cost-effect

language used for as intended, meets the specified 
microcontroller development.

components, making it
by software development,

system integration. The system's functionality is project,
seamless firmware that re

monitoring data (e.g., calculating battery state
platform. These the

time processing, and direct interaction with hardware

 are essential
the BMS. These protocols allow the ESP8266 to send data to the cloud or 

communicate with external services like the Blynk IoT platform. Common protocols for IoT include MQTT (Message 
emetry Transport) and HTTP (Hyper Text Transfer Protocol), which enable efficient data

from the battery management system can be 
with internet access, providing real-time insights and the ability to take action 

constructed using essential
microcontroller acts as the central processing unit, 

handling data acquisition and communication with the cloud looksasshowninfigurea12vrechargeablebattery pack serves as 
its voltage, current, and temperature to maintain

The system incorporates an rtc module (ds1307) that records timestamps, allowing for the tracking of battery health over 
time voltage, while the acs712 (5a) current s

sensor (dht11 or ds18b20) guarantees thermal safety by continuously 
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rts users in case of abnormal conditions
voltage, deep discharge, excessive temperature, or current fluctuations, 

ature ensures that users
battery issues, enabling them to take corrective actions before any damage occurs. These alerts 

defined thresholds, ensuring proactive monitoring and enhanced battery protection.

directional communication, meaning users can send commands remotely to control various system 
components. For example, if an overheating event is detected, users can manually activate cooling mechanisms or 

over the 
based infrastructure, which ensures secure data 

transforms the 
systems that rely on wired connections,

into a working model. This stage involves assembling the hardware components, configuring the
effective. Integrating

as intended, meets the specified 
development. It provides

it ideal approach,
by software development, and culminating

system integration. The system's functionality is project,
reads sensor inputs,

monitoring data (e.g., calculating battery state-of-charge), andcapabilities. 
the system is fully

time processing, and direct interaction with hardware

essential for enabling wireless
the BMS. These protocols allow the ESP8266 to send data to the cloud or 

communicate with external services like the Blynk IoT platform. Common protocols for IoT include MQTT (Message 
emetry Transport) and HTTP (Hyper Text Transfer Protocol), which enable efficient data exchange

the battery management system can be 
time insights and the ability to take action 

essential hardware components to 
as the central processing unit, 

handling data acquisition and communication with the cloud looksasshowninfigurea12vrechargeablebattery pack serves as 
its voltage, current, and temperature to maintain optimal performance.

The system incorporates an rtc module (ds1307) that records timestamps, allowing for the tracking of battery health over 
time voltage, while the acs712 (5a) current s

sensor (dht11 or ds18b20) guarantees thermal safety by continuously 
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ature ensures that users are promptly
battery issues, enabling them to take corrective actions before any damage occurs. These alerts 

battery protection.

directional communication, meaning users can send commands remotely to control various system 
cooling mechanisms or 

 battery system 
based infrastructure, which ensures secure data 

 proposed design
systems that rely on wired connections, Blynk’s

into a working model. This stage involves assembling the hardware components, configuring the
ntegrating the hardware

as intended, meets the specified 
provides low-level

approach, starting with
and culminating

system integration. The system's functionality is project, Embedded
inputs, processes

charge), andcapabilities. 
fully operational,

time processing, and direct interaction with hardware

enabling wireless data
the BMS. These protocols allow the ESP8266 to send data to the cloud or 

communicate with external services like the Blynk IoT platform. Common protocols for IoT include MQTT (Message 
exchange between

the battery management system can be 
time insights and the ability to take action 

hardware components to 
as the central processing unit, 

handling data acquisition and communication with the cloud looksasshowninfigurea12vrechargeablebattery pack serves as 
optimal performance.

The system incorporates an rtc module (ds1307) that records timestamps, allowing for the tracking of battery health over 
time voltage, while the acs712 (5a) current sensor 

sensor (dht11 or ds18b20) guarantees thermal safety by continuously 
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the battery management system can be 
time insights and the ability to take action 

hardware components to 
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optimal performance. 
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To regulate power flow, a relay module oversees the charging and discharging processes, ensur
deep discharge is avoided. Furthermore, a power management
components by maintaining stable voltage and current levels. By combining these elements, a smart, internet of things 
(iot) enabled building management system (bms) can improve battery efficiency, safety, and longevity.
Circuit Assembly
The sensors were successfully connected to the esp8266/esp32 microcontroller, as depicted in figure 14. The power 
management unit was set up
i2c, spi, and uart were employed to establish connections between different sensors and data storage units. The system 
underwent testing with initial power

The circuit assembly of the advanced battery monitoring system is meticulously crafted to guarantee seamless integration 
of hardware components, enabling real
circuitistheesp8266/esp32microcontroller,which acts as the central hub for gathering data from all connected sensors. 
The 12v rechargeable battery pack serves as the power source and the primary focus of mo
To quantify essential
• a zmpt101b voltage sensor is connected to the battery's terminals to monitor the voltage level continuously
• an acs712 5a current sensor is placed in series with
• a temperature sensor (dht11 or ds18b20) is attached near the battery to detect any rise in temperature, ensuring 

thermal safety
The rtc module (ds1307) is connected to the microcontroller via i2c communication pins (scl and sda) to 
stamped information about the battery's status. This is crucial for conducting historical analysis and recognizing patterns i
performance.
of the battery. The relay serves as a control mechanism for the microcontroller, enabling it to disconnect the load in 
response to sensor inputs such as over
connected to
the esp module.
immediate visualization.
information without needing to use the app. Finally, a power management circuit guarantees a stable voltage supply to all 
components, safeguarding the system from vol
constructed 
either directly from the battery (with regulation) or through a USB conn
 

The software
utilizing arduino ide/platform io and cloud integration via blynk web server. The software developm
the iot- based battery monitoring system (bms) involves writing embedded firmware using c/c++ for the esp8266/esp32 
microcontroller, utilizing the arduino ide and integrating real
integrated setup allows for real
facilitating continuous monitoring, control, and alert systems.
Programming Language ( C / C++ ):
microcontroller
Development Platform ( Arduino IDE ):
which offers a straightforward
also supports continuous monitoring and debugging, which were crucial during the testing and development phases.
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To regulate power flow, a relay module oversees the charging and discharging processes, ensur
deep discharge is avoided. Furthermore, a power management
components by maintaining stable voltage and current levels. By combining these elements, a smart, internet of things 

t) enabled building management system (bms) can improve battery efficiency, safety, and longevity.
Assembly 

The sensors were successfully connected to the esp8266/esp32 microcontroller, as depicted in figure 14. The power 
management unit was set up
i2c, spi, and uart were employed to establish connections between different sensors and data storage units. The system 
underwent testing with initial power

The circuit assembly of the advanced battery monitoring system is meticulously crafted to guarantee seamless integration 
of hardware components, enabling real
circuitistheesp8266/esp32microcontroller,which acts as the central hub for gathering data from all connected sensors. 
The 12v rechargeable battery pack serves as the power source and the primary focus of mo

essential variables:
a zmpt101b voltage sensor is connected to the battery's terminals to monitor the voltage level continuously
an acs712 5a current sensor is placed in series with
a temperature sensor (dht11 or ds18b20) is attached near the battery to detect any rise in temperature, ensuring 
thermal safety 

The rtc module (ds1307) is connected to the microcontroller via i2c communication pins (scl and sda) to 
stamped information about the battery's status. This is crucial for conducting historical analysis and recognizing patterns i
performance. The relay module
of the battery. The relay serves as a control mechanism for the microcontroller, enabling it to disconnect the load in 
response to sensor inputs such as over

to the specific pins of the microcontroller. The blynk app integration
module. By transmitting

immediate visualization. A d
information without needing to use the app. Finally, a power management circuit guarantees a stable voltage supply to all 
components, safeguarding the system from vol

 on a bread board or PCB, ensuring clean wiring to prevent any interference. The circuit can be powered 
either directly from the battery (with regulation) or through a USB conn

software development
utilizing arduino ide/platform io and cloud integration via blynk web server. The software developm

based battery monitoring system (bms) involves writing embedded firmware using c/c++ for the esp8266/esp32 
microcontroller, utilizing the arduino ide and integrating real
ntegrated setup allows for real
facilitating continuous monitoring, control, and alert systems.
Programming Language ( C / C++ ):
microcontroller peripherals and seamless integration with sensors and communication modules.
Development Platform ( Arduino IDE ):
which offers a straightforward
also supports continuous monitoring and debugging, which were crucial during the testing and development phases.
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To regulate power flow, a relay module oversees the charging and discharging processes, ensur
deep discharge is avoided. Furthermore, a power management
components by maintaining stable voltage and current levels. By combining these elements, a smart, internet of things 

t) enabled building management system (bms) can improve battery efficiency, safety, and longevity.

The sensors were successfully connected to the esp8266/esp32 microcontroller, as depicted in figure 14. The power 
management unit was set up to guarantee a consistent power supply to all modules. Communication interfaces such as 
i2c, spi, and uart were employed to establish connections between different sensors and data storage units. The system 
underwent testing with initial power-ups to ensu

The circuit assembly of the advanced battery monitoring system is meticulously crafted to guarantee seamless integration 
of hardware components, enabling real
circuitistheesp8266/esp32microcontroller,which acts as the central hub for gathering data from all connected sensors. 
The 12v rechargeable battery pack serves as the power source and the primary focus of mo

variables: 
a zmpt101b voltage sensor is connected to the battery's terminals to monitor the voltage level continuously
an acs712 5a current sensor is placed in series with
a temperature sensor (dht11 or ds18b20) is attached near the battery to detect any rise in temperature, ensuring 

The rtc module (ds1307) is connected to the microcontroller via i2c communication pins (scl and sda) to 
stamped information about the battery's status. This is crucial for conducting historical analysis and recognizing patterns i

module is linked
of the battery. The relay serves as a control mechanism for the microcontroller, enabling it to disconnect the load in 
response to sensor inputs such as over

cific pins of the microcontroller. The blynk app integration
transmitting real-time

A digital screen is linked to show the current voltage locally, providing users with instant 
information without needing to use the app. Finally, a power management circuit guarantees a stable voltage supply to all 
components, safeguarding the system from vol

board or PCB, ensuring clean wiring to prevent any interference. The circuit can be powered 
either directly from the battery (with regulation) or through a USB conn

VIII.
development environment

utilizing arduino ide/platform io and cloud integration via blynk web server. The software developm
based battery monitoring system (bms) involves writing embedded firmware using c/c++ for the esp8266/esp32 

microcontroller, utilizing the arduino ide and integrating real
ntegrated setup allows for real-time communication between hardware sensors and the cloud
facilitating continuous monitoring, control, and alert systems.
Programming Language ( C / C++ ):

peripherals and seamless integration with sensors and communication modules.
Development Platform ( Arduino IDE ):
which offers a straightforward interface for writing, compiling, and uploading code to the esp8266/esp32 boards. The idea 
also supports continuous monitoring and debugging, which were crucial during the testing and development phases.
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To regulate power flow, a relay module oversees the charging and discharging processes, ensur
deep discharge is avoided. Furthermore, a power management
components by maintaining stable voltage and current levels. By combining these elements, a smart, internet of things 

t) enabled building management system (bms) can improve battery efficiency, safety, and longevity.

The sensors were successfully connected to the esp8266/esp32 microcontroller, as depicted in figure 14. The power 
to guarantee a consistent power supply to all modules. Communication interfaces such as 

i2c, spi, and uart were employed to establish connections between different sensors and data storage units. The system 
ups to ensure that all components were functioning properly.

Fig 
The circuit assembly of the advanced battery monitoring system is meticulously crafted to guarantee seamless integration 
of hardware components, enabling real-time monitoring, dat
circuitistheesp8266/esp32microcontroller,which acts as the central hub for gathering data from all connected sensors. 
The 12v rechargeable battery pack serves as the power source and the primary focus of mo

a zmpt101b voltage sensor is connected to the battery's terminals to monitor the voltage level continuously
an acs712 5a current sensor is placed in series with
a temperature sensor (dht11 or ds18b20) is attached near the battery to detect any rise in temperature, ensuring 

The rtc module (ds1307) is connected to the microcontroller via i2c communication pins (scl and sda) to 
stamped information about the battery's status. This is crucial for conducting historical analysis and recognizing patterns i

linked to the control
of the battery. The relay serves as a control mechanism for the microcontroller, enabling it to disconnect the load in 
response to sensor inputs such as over current, high temperature, or deep discharge.

cific pins of the microcontroller. The blynk app integration
time data to a cloud server, it can be displayed on a web or mobile dashboard for 

igital screen is linked to show the current voltage locally, providing users with instant 
information without needing to use the app. Finally, a power management circuit guarantees a stable voltage supply to all 
components, safeguarding the system from voltage spikes or drops that could cause damage.

board or PCB, ensuring clean wiring to prevent any interference. The circuit can be powered 
either directly from the battery (with regulation) or through a USB conn

VIII. SOFTWARE IMPLEMENTATION
environment for the iot

utilizing arduino ide/platform io and cloud integration via blynk web server. The software developm
based battery monitoring system (bms) involves writing embedded firmware using c/c++ for the esp8266/esp32 

microcontroller, utilizing the arduino ide and integrating real
time communication between hardware sensors and the cloud

facilitating continuous monitoring, control, and alert systems.
Programming Language ( C / C++ ): The firmware was developed using c/c++, allowing fo

peripherals and seamless integration with sensors and communication modules.
Development Platform ( Arduino IDE ): The project was created using the arduino ide, as depicted in figure 16, 

interface for writing, compiling, and uploading code to the esp8266/esp32 boards. The idea 
also supports continuous monitoring and debugging, which were crucial during the testing and development phases.
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t) enabled building management system (bms) can improve battery efficiency, safety, and longevity.

The sensors were successfully connected to the esp8266/esp32 microcontroller, as depicted in figure 14. The power 
to guarantee a consistent power supply to all modules. Communication interfaces such as 

i2c, spi, and uart were employed to establish connections between different sensors and data storage units. The system 
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either directly from the battery (with regulation) or through a USB conn

SOFTWARE IMPLEMENTATION
iot- based bms encompasses c/c++ programming for esp8266/esp32, 
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The project was created using the arduino ide, as depicted in figure 16, 

interface for writing, compiling, and uploading code to the esp8266/esp32 boards. The idea 
also supports continuous monitoring and debugging, which were crucial during the testing and development phases.
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The firmware was developed using c/c++, allowing fo
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tage spikes or drops that could cause damage.

board or PCB, ensuring clean wiring to prevent any interference. The circuit can be powered 
ection during testing.

SOFTWARE IMPLEMENTATION 
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based battery monitoring system (bms) involves writing embedded firmware using c/c++ for the esp8266/esp32 

time cloud connectivity via the blynk web server. This 
time communication between hardware sensors and the cloud

The firmware was developed using c/c++, allowing fo
peripherals and seamless integration with sensors and communication modules.

The project was created using the arduino ide, as depicted in figure 16, 
interface for writing, compiling, and uploading code to the esp8266/esp32 boards. The idea 

also supports continuous monitoring and debugging, which were crucial during the testing and development phases.
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To regulate power flow, a relay module oversees the charging and discharging processes, ensuring that overcharging or 
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components by maintaining stable voltage and current levels. By combining these elements, a smart, internet of things 
t) enabled building management system (bms) can improve battery efficiency, safety, and longevity. 

The sensors were successfully connected to the esp8266/esp32 microcontroller, as depicted in figure 14. The power 
to guarantee a consistent power supply to all modules. Communication interfaces such as 

i2c, spi, and uart were employed to establish connections between different sensors and data storage units. The system 
re that all components were functioning properly. 

 

The circuit assembly of the advanced battery monitoring system is meticulously crafted to guarantee seamless integration 
a logging, and control. The core component of the 

circuitistheesp8266/esp32microcontroller,which acts as the central hub for gathering data from all connected sensors. 
nitoring in the circuit.

a zmpt101b voltage sensor is connected to the battery's terminals to monitor the voltage level continuously
owing into or out of it

a temperature sensor (dht11 or ds18b20) is attached near the battery to detect any rise in temperature, ensuring 

The rtc module (ds1307) is connected to the microcontroller via i2c communication pins (scl and sda) to 
stamped information about the battery's status. This is crucial for conducting historical analysis and recognizing patterns i
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of the battery. The relay serves as a control mechanism for the microcontroller, enabling it to disconnect the load in 

current, high temperature, or deep discharge. All the sensor
facilitated by the built-in

to a cloud server, it can be displayed on a web or mobile dashboard for 
igital screen is linked to show the current voltage locally, providing users with instant 

information without needing to use the app. Finally, a power management circuit guarantees a stable voltage supply to all 
tage spikes or drops that could cause damage. The entire

board or PCB, ensuring clean wiring to prevent any interference. The circuit can be powered 
ection during testing. 

based bms encompasses c/c++ programming for esp8266/esp32, 
utilizing arduino ide/platform io and cloud integration via blynk web server. The software development environment for 

based battery monitoring system (bms) involves writing embedded firmware using c/c++ for the esp8266/esp32 
time cloud connectivity via the blynk web server. This 

time communication between hardware sensors and the cloud-based dashboard, 

The firmware was developed using c/c++, allowing for direct control over
peripherals and seamless integration with sensors and communication modules. 

The project was created using the arduino ide, as depicted in figure 16, 
interface for writing, compiling, and uploading code to the esp8266/esp32 boards. The idea 

also supports continuous monitoring and debugging, which were crucial during the testing and development phases.
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Fig 
server utilized figure17

included interactive features such as buttons, graphs, and notification triggers. It also ensured 
smooth communication between the mobile app, web dashboard, and hardware.

Fig 17:

Fig 18 Blynk
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monitoring. This platform enables users to:
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Figure 19 depicts the dry running alert, which is activated when the bat
falls below a critical threshold. This condition, referred to as dry running, can have a detrimental impact on the battery's
health and shorten
alert via the blynk dashboard, prompting the user to take action and avoid additional harm.
running alert, which happens when the battery is discharged to a level that exceeds its 
Engaging in 
alterations within
and can automatically disconnect the load using a relay to safeguard the battery.
which is activated when the temperature sensor detects that the
trigger thermal runaway, which can be extremely dangerous. The system reacts promptly by sending a notification to the 
user through the dashboard and may take preventive measures like halting charging or discharging to maintain the 
battery's stability. All 
platform to guarantee efficient and secure battery usage.
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 deep discharging not
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and can automatically disconnect the load using a relay to safeguard the battery.
which is activated when the temperature sensor detects that the
rigger thermal runaway, which can be extremely dangerous. The system reacts promptly by sending a notification to the 

user through the dashboard and may take preventive measures like halting charging or discharging to maintain the 
battery's stability. All three alerts are part of the real

guarantee efficient and secure battery usage.
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Figure 19 depicts the dry running alert, which is activated when the bat
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alert via the blynk dashboard, prompting the user to take action and avoid additional harm.
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discharging not only
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and can automatically disconnect the load using a relay to safeguard the battery.
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three alerts are part of the real

guarantee efficient and secure battery usage.
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Figure 19 depicts the dry running alert, which is activated when the bat
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Figure 19 depicts the dry running alert, which is activated when the bat
falls below a critical threshold. This condition, referred to as dry running, can have a detrimental impact on the battery's
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Figure 19 depicts the dry running alert, which is activated when the battery continues to discharge even after its voltage 
falls below a critical threshold. This condition, referred to as dry running, can have a detrimental impact on the battery's

system identifies this irregularity by monitoring voltage levels and promptly sends an 
alert via the blynk dashboard, prompting the user to take action and avoid additional harm.
running alert, which happens when the battery is discharged to a level that exceeds its 

life span but 
When a specific condition is identified, the system triggers a warning o

and can automatically disconnect the load using a relay to safeguard the battery.
which is activated when the temperature sensor detects that the battery is 
rigger thermal runaway, which can be extremely dangerous. The system reacts promptly by sending a notification to the 

user through the dashboard and may take preventive measures like halting charging or discharging to maintain the 
time monitoring and safety mechanism integrated with the blynkiot 
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itoring voltage levels and promptly sends an 

alert via the blynk dashboard, prompting the user to take action and avoid additional harm.
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and can automatically disconnect the load using a relay to safeguard the battery. Figure 21 displays the temperature alert, 
 becoming too

rigger thermal runaway, which can be extremely dangerous. The system reacts promptly by sending a notification to the 
user through the dashboard and may take preventive measures like halting charging or discharging to maintain the 
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tery continues to discharge even after its voltage 

falls below a critical threshold. This condition, referred to as dry running, can have a detrimental impact on the battery's
itoring voltage levels and promptly sends an 

alert via the blynk dashboard, prompting the user to take action and avoid additional harm. Figure 20 illustrates the deep 
recommended depth of discharge. 

a risk of permanent chemical
When a specific condition is identified, the system triggers a warning o

Figure 21 displays the temperature alert, 
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to critical battery conditions. These notifications guarantee that the user receive
whether they are actively using the blynk app or dashboard. By engaging in proactive communication, battery safety is 
enhanced, risks are minimized, and timely intervention is encouraged.
level and keeps discharging, the system identifies it as dry running. This can harm battery cells and lower overall efficienc
The integrated esp8266/esp32, connected to the blynk platform, promptly sends a pre
notifying them of the problem. The email outlines the nature of the issue and frequently recommends prompt action, such 
as discontinuing usage or initiating
sent when the system identifies a situation where the device is not receiving any power.
to a dangerously low level, it is referred to as a deep discharge, which
irreversible damage to the cells. When the system detects this condition through voltage thresholds, it immediately sends 
a real-time email alert to the user, enabling them to take prompt action such as disconnecting the load or initiating safe 
recharging. This warning is extremely important in situations involving electric vehicles where
cause the vehicle to
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sends an email notification. Excessive heat can result in hazardous situations like thermal runaway or 
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system, the smart alert mechanism is designed to send automated emails in response 
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These mail alert features enhance the system's capabilities
maintenance, and battery health
flowchart represents

 

The adoption of the iot
potential for real
esp8266/esp32 microcontroller with key sensors such as the zmpt101b voltage sensor, acs712 current sensor, and 
ds18b20/dht11 temperature sensor enabled continuous monitoring of critical battery parameters including voltage, 
current, and temperature. The microcontroller effectively handled
in real-time, 
Display of Voltage
Key Findings:
 Real-Time

Users could access live data on voltage, current, and tempera
detection of any anomalies.

Automated
overheating. 
prompt corrective actions.
 

 Remote Access
dashboards.
the overall user experience.

 Protective Mechanisms
preventing overcharging and deep discharge. This proa
extending its lifespan.
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-based battery management
time battery health monitoring, anomaly detection, and safety assurance. The integration of the 
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based battery management
time battery health monitoring, anomaly detection, and safety assurance. The integration of the 

esp8266/esp32 microcontroller with key sensors such as the zmpt101b voltage sensor, acs712 current sensor, and 
dht11 temperature sensor enabled continuous monitoring of critical battery parameters including voltage, 
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-fi functionality.
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Performance
 Accuracy

benchmark values.
 Responsiveness

ensuring timely intervention.
 Stability

interruptions.
 Efficiency

monitoring, minimizing
well across
battery safety and prolonged operational lifespan but also showcased the benefits of incorporating IoT and machine 
learning technologies into contemporary energy management solutions. The system's ab
insights, predictive failure warnings, and cloud
the total cost of ownership and enhancing the reliability of battery

Application
The IoT-based Battery Management System (BMS) developed in this project is versatile and scalable, making it suitable for 
a wide range of real
1. Electric 
o Battery Health Monitoring

prolongs battery life.
o Performance

vehicle efficiency.
o Safety Assurance

ensuring passenger safety.
2. Renewable
o Energy Storage

prevent downtime and optimize energy storage efficiency.
o Grid Stability

energy grids.
o Sustainability

impact. 
3. Industrial
o Backup 

prevent unexpected outages and
o Operational

costs, improving overall operational efficiency.
o Safety and Compliance

industry regulations.
4. Consumer
o Portable Devices

devices. 
o Wearable

to enhance
5. Telecommunications
o Uninterruptible Power Supply (UPS)

preventing
o Remote Monitoring

facilities. 
6. Healthcare
o Medical Devices

defibrillators, and infusion pumps.
o Patient Safety
7. Smart Homes
o Home Energy

electricity costs.
o Smart Appliances

appliances.
8. Agriculture
o Irrigation

usage and crop health.
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Performance Evaluation:
Accuracy: The sensors provided accurate readings of voltage, current, and temperature, which were validated against 
benchmark values. 
Responsiveness: The
ensuring timely intervention.
Stability: The system operated reliably under various testing scenarios, maintaining consistent performance without 
interruptions. 
Efficiency: The integration of IoT and c
monitoring, minimizing

across different testing
battery safety and prolonged operational lifespan but also showcased the benefits of incorporating IoT and machine 
learning technologies into contemporary energy management solutions. The system's ab
insights, predictive failure warnings, and cloud

total cost of ownership and enhancing the reliability of battery

Applications 
based Battery Management System (BMS) developed in this project is versatile and scalable, making it suitable for 

a wide range of real-world
 Vehicles (EVs)

Battery Health Monitoring
prolongs battery life. 
Performance Optimization

icle efficiency. 
Safety Assurance: Automated alerts for overcharging, deep discharge,
ensuring passenger safety.
Renewable Energy Systems
Energy Storage: Solar and wind energy storage solutions depend heavily on 

downtime and optimize energy storage efficiency.
Grid Stability: By managing battery performance, the BMS contributes to the stability and reliability
energy grids. 
Sustainability: Efficient battery

Industrial Battery Systems
 Power: Factories
unexpected outages and

Operational Efficiency
costs, improving overall operational efficiency.
Safety and Compliance
industry regulations. 
Consumer Electronics
Portable Devices: Ensuring the health

 
Wearable Technology

enhance user experience and device reliability.
Telecommunications
Uninterruptible Power Supply (UPS)
preventing service disr
Remote Monitoring

 
Healthcare: 
Medical Devices: Monitoring and managing batteries in critical medical

rillators, and infusion pumps.
Patient Safety: Ensuring uninterrupted

Homes and Buildings
Energy Storage

electricity costs. 
Appliances: 

appliances. 
Agriculture: 
Irrigation Systems: 
usage and crop health.
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Evaluation: 
The sensors provided accurate readings of voltage, current, and temperature, which were validated against 

The system demonstrated quick
ensuring timely intervention. 

The system operated reliably under various testing scenarios, maintaining consistent performance without 

The integration of IoT and c
monitoring, minimizing latency and 

testing scenarios,
battery safety and prolonged operational lifespan but also showcased the benefits of incorporating IoT and machine 
learning technologies into contemporary energy management solutions. The system's ab
insights, predictive failure warnings, and cloud

total cost of ownership and enhancing the reliability of battery

based Battery Management System (BMS) developed in this project is versatile and scalable, making it suitable for 
world applications.

(EVs): 
Battery Health Monitoring: Continuous

Optimization: Real

Automated alerts for overcharging, deep discharge,
ensuring passenger safety. 

Systems: 
Solar and wind energy storage solutions depend heavily on 

downtime and optimize energy storage efficiency.
By managing battery performance, the BMS contributes to the stability and reliability

Efficient battery management reduces the need for frequent

Systems: 
Factories and data centers often use battery banks for backup power. Real

unexpected outages and ensure regulatory compliance.
Efficiency: Continuous monitoring and predictive maintenance reduce downtime

costs, improving overall operational efficiency.
Safety and Compliance: Automated

Electronics: 
Ensuring the health

Technology: Monitoring battery performance in w
user experience and device reliability.

Telecommunications: 
Uninterruptible Power Supply (UPS)

service disruptions. 
Remote Monitoring: Real-time data access and alerts for battery systems

Monitoring and managing batteries in critical medical
rillators, and infusion pumps. 

Ensuring uninterrupted
and Buildings: 
Storage: Managing batteries in home energy storage systems to optimize energy

 Enhancing the performance and reliability of battery

 Monitoring and managing batteries in automated irrigation systems to ens
usage and crop health. 
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The sensors provided accurate readings of voltage, current, and temperature, which were validated against 

demonstrated quick

The system operated reliably under various testing scenarios, maintaining consistent performance without 

The integration of IoT and cloud-based technologies ensured efficient data
 maximizing system efficiency.

scenarios, validating its high accura
battery safety and prolonged operational lifespan but also showcased the benefits of incorporating IoT and machine 
learning technologies into contemporary energy management solutions. The system's ab
insights, predictive failure warnings, and cloud-based analytics supports a proactive

total cost of ownership and enhancing the reliability of battery
IX. 

based Battery Management System (BMS) developed in this project is versatile and scalable, making it suitable for 
applications. Here are some

Continuous monitoring

Real- time data helps optimize charging and discharging cycles, enhancing overall 

Automated alerts for overcharging, deep discharge,

Solar and wind energy storage solutions depend heavily on 
downtime and optimize energy storage efficiency.

By managing battery performance, the BMS contributes to the stability and reliability

management reduces the need for frequent

data centers often use battery banks for backup power. Real
ensure regulatory compliance.

Continuous monitoring and predictive maintenance reduce downtime
costs, improving overall operational efficiency. 

Automated alerts and

Ensuring the health and longevity

Monitoring battery performance in w
user experience and device reliability.

Uninterruptible Power Supply (UPS): Ensuring reliable power supply for telecommunications infrastructure,

time data access and alerts for battery systems

Monitoring and managing batteries in critical medical

Ensuring uninterrupted operation

Managing batteries in home energy storage systems to optimize energy

the performance and reliability of battery

Monitoring and managing batteries in automated irrigation systems to ens
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The sensors provided accurate readings of voltage, current, and temperature, which were validated against 

demonstrated quick respon

The system operated reliably under various testing scenarios, maintaining consistent performance without 

based technologies ensured efficient data
system efficiency.

validating its high accura
battery safety and prolonged operational lifespan but also showcased the benefits of incorporating IoT and machine 
learning technologies into contemporary energy management solutions. The system's ab

based analytics supports a proactive
total cost of ownership and enhancing the reliability of battery

 APPLICATIONS

based Battery Management System (BMS) developed in this project is versatile and scalable, making it suitable for 
some key areas where this advanced BMS can be effectively utilized:

monitoring of battery systems in EVs ensures safe driving conditions and 

time data helps optimize charging and discharging cycles, enhancing overall 

Automated alerts for overcharging, deep discharge,

Solar and wind energy storage solutions depend heavily on 
downtime and optimize energy storage efficiency. 

By managing battery performance, the BMS contributes to the stability and reliability

management reduces the need for frequent

data centers often use battery banks for backup power. Real
ensure regulatory compliance.

Continuous monitoring and predictive maintenance reduce downtime

and data logging help

longevity of batteries

Monitoring battery performance in w
user experience and device reliability. 

Ensuring reliable power supply for telecommunications infrastructure,

time data access and alerts for battery systems

Monitoring and managing batteries in critical medical

operation of life-saving

Managing batteries in home energy storage systems to optimize energy

the performance and reliability of battery

Monitoring and managing batteries in automated irrigation systems to ens
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The sensors provided accurate readings of voltage, current, and temperature, which were validated against 

se times in 

The system operated reliably under various testing scenarios, maintaining consistent performance without 

based technologies ensured efficient data
system efficiency. Overall, the IoT

validating its high accuracy, responsiveness, and efficiency. It not only enhanced 
battery safety and prolonged operational lifespan but also showcased the benefits of incorporating IoT and machine 
learning technologies into contemporary energy management solutions. The system's ab

based analytics supports a proactive
total cost of ownership and enhancing the reliability of battery-dependent systems.

APPLICATIONS 

based Battery Management System (BMS) developed in this project is versatile and scalable, making it suitable for 
areas where this advanced BMS can be effectively utilized:

battery systems in EVs ensures safe driving conditions and 

time data helps optimize charging and discharging cycles, enhancing overall 

Automated alerts for overcharging, deep discharge, and

Solar and wind energy storage solutions depend heavily on 

By managing battery performance, the BMS contributes to the stability and reliability

management reduces the need for frequent

data centers often use battery banks for backup power. Real
ensure regulatory compliance. 

Continuous monitoring and predictive maintenance reduce downtime

logging help maintain

batteries in smart

Monitoring battery performance in wearable devices

Ensuring reliable power supply for telecommunications infrastructure,

time data access and alerts for battery systems

Monitoring and managing batteries in critical medical

saving devices through

Managing batteries in home energy storage systems to optimize energy

the performance and reliability of battery

Monitoring and managing batteries in automated irrigation systems to ens
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The sensors provided accurate readings of voltage, current, and temperature, which were validated against 

 detecting anomalies and triggering alerts, 

The system operated reliably under various testing scenarios, maintaining consistent performance without 

based technologies ensured efficient data
Overall, the IoT-based BMS performed consistently

cy, responsiveness, and efficiency. It not only enhanced 
battery safety and prolonged operational lifespan but also showcased the benefits of incorporating IoT and machine 
learning technologies into contemporary energy management solutions. The system's ab

based analytics supports a proactive maintenance
dependent systems. 

based Battery Management System (BMS) developed in this project is versatile and scalable, making it suitable for 
areas where this advanced BMS can be effectively utilized:

battery systems in EVs ensures safe driving conditions and 

time data helps optimize charging and discharging cycles, enhancing overall 

and overheating

Solar and wind energy storage solutions depend heavily on battery health. This system

By managing battery performance, the BMS contributes to the stability and reliability

management reduces the need for frequent replacements,

data centers often use battery banks for backup power. Real

Continuous monitoring and predictive maintenance reduce downtime

maintain safety standards

in smart phones, laptops, and other portable 

devices like smart

Ensuring reliable power supply for telecommunications infrastructure,

time data access and alerts for battery systems in remote

Monitoring and managing batteries in critical medical equipment 

through reliable battery management.

Managing batteries in home energy storage systems to optimize energy

the performance and reliability of battery-powered smart home devices and 

Monitoring and managing batteries in automated irrigation systems to ens
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The sensors provided accurate readings of voltage, current, and temperature, which were validated against 

anomalies and triggering alerts, 

The system operated reliably under various testing scenarios, maintaining consistent performance without 

based technologies ensured efficient data transmission
based BMS performed consistently

cy, responsiveness, and efficiency. It not only enhanced 
battery safety and prolonged operational lifespan but also showcased the benefits of incorporating IoT and machine 
learning technologies into contemporary energy management solutions. The system's ability to provide real

maintenance approach,

based Battery Management System (BMS) developed in this project is versatile and scalable, making it suitable for 
areas where this advanced BMS can be effectively utilized:

battery systems in EVs ensures safe driving conditions and 

time data helps optimize charging and discharging cycles, enhancing overall 

overheating prevent potential hazards, 

battery health. This system

By managing battery performance, the BMS contributes to the stability and reliability

replacements, minimizing environmental 

data centers often use battery banks for backup power. Real-time monitoring

Continuous monitoring and predictive maintenance reduce downtime and

standards and compliance with 

phones, laptops, and other portable 

smart watches and

Ensuring reliable power supply for telecommunications infrastructure,

remote communication towers and 

 such as portable ventilators, 

reliable battery management.

Managing batteries in home energy storage systems to optimize energy usage and reduce 

powered smart home devices and 

Monitoring and managing batteries in automated irrigation systems to ensure efficient water
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The sensors provided accurate readings of voltage, current, and temperature, which were validated against 

anomalies and triggering alerts, 

The system operated reliably under various testing scenarios, maintaining consistent performance without 

transmission and real-time
based BMS performed consistently

cy, responsiveness, and efficiency. It not only enhanced 
battery safety and prolonged operational lifespan but also showcased the benefits of incorporating IoT and machine 

ility to provide real-time 
approach, reducing

based Battery Management System (BMS) developed in this project is versatile and scalable, making it suitable for 
areas where this advanced BMS can be effectively utilized: 

battery systems in EVs ensures safe driving conditions and 

time data helps optimize charging and discharging cycles, enhancing overall 

prevent potential hazards, 

battery health. This system can help

By managing battery performance, the BMS contributes to the stability and reliability of renewable

minimizing environmental 

time monitoring 

and maintenance

and compliance with 

phones, laptops, and other portable 

watches and fitness trackers

Ensuring reliable power supply for telecommunications infrastructure,

communication towers and 

portable ventilators, 

reliable battery management. 

usage and reduce 

powered smart home devices and 

ure efficient water
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The sensors provided accurate readings of voltage, current, and temperature, which were validated against 

anomalies and triggering alerts, 

The system operated reliably under various testing scenarios, maintaining consistent performance without 

time 
based BMS performed consistently 

cy, responsiveness, and efficiency. It not only enhanced 
battery safety and prolonged operational lifespan but also showcased the benefits of incorporating IoT and machine 

time 
reducing 

based Battery Management System (BMS) developed in this project is versatile and scalable, making it suitable for 
 

battery systems in EVs ensures safe driving conditions and 

time data helps optimize charging and discharging cycles, enhancing overall 

prevent potential hazards, 

help 

renewable 

minimizing environmental 
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and compliance with 

phones, laptops, and other portable 

fitness trackers 

Ensuring reliable power supply for telecommunications infrastructure, 
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o Farm Equipment
 By providing real

maintenance approach, reducing the total cost of ownership and enhancing the reliability of battery
systems across various industries.

The development of an advanced IoT
a significant milestone in enhancing battery efficiency, safety, and lifespan. The system integrates real
logging, and remote
and other applications. Key features of the system include continuous tracking of voltage, current, and temperature, 
automated alerts for anomalies, and protective mechanisms to prevent overcharging, deep discharge, and overheating. 
The integration with the Blynk platform allows users to monitor battery health remotely via a mobile app or web 
dashboard, ensuring timely detection and resolution of issues. The system's ability to communicate with external systems, 
such as vehicle
and adjusting charging cycles, the BMS extends battery life and reduces operational costs. This integration helps minimize 
environmental impact by reducing t
reliable, user
traditional BMS by providing real
logging. The successful implementation and testing of the system demonstrate its potential for real
various applications, from personal EVs to large
integrating artificial intelligence and machine learning for advanced analytics, incorporating renewable energy sources for 
sustainability, and expanding the system's compatibility with different battery technolo
further enhance the system's capabilities, making it a vital tool for modern energy management and sustainable 
development.

Future Work
The IoT-based Battery Management System (BMS) developed in this project provid
energy monitoring and control. However, there are several areas for future enhancement to further improve its 
performance, scalability, and sustainability:
1. Integration
o Predictive
based on historical
o Anomaly
maintenance and reducing downtime.
2. Renewable
o Solar Charging
environmentally
o Hybrid Energy

and solar, for more efficient energy management.
3. Advanced Cloud
o Enhanced

analytics. 
o Comprehensive

deeper insights into battery performance and health.
4. Hardware
o Transition to ESP32

processing capabilities and additional GPIO pins for expanded functionality.
o Enhanced

and other environ
5. Automated
o Seamless Operation

convenience, particularly
6. Expanded
o Diverse Battery T

and energy storage models,
o Interoperability

systems. 
7. Mobile Application
o User Accessibility

management of the system, improving user accessibility and control.
8. Wireless
o Convenience and Efficiency

reducing the need for physical connections.
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Farm Equipment: Ensuring reliable operation of battery
By providing real-time insights, predictive failure warnings, and cloud
maintenance approach, reducing the total cost of ownership and enhancing the reliability of battery
systems across various industries.

The development of an advanced IoT
a significant milestone in enhancing battery efficiency, safety, and lifespan. The system integrates real

remote accessibility, providing a comprehensive solution for managing battery health in el
and other applications. Key features of the system include continuous tracking of voltage, current, and temperature, 
automated alerts for anomalies, and protective mechanisms to prevent overcharging, deep discharge, and overheating. 

he integration with the Blynk platform allows users to monitor battery health remotely via a mobile app or web 
dashboard, ensuring timely detection and resolution of issues. The system's ability to communicate with external systems, 
such as vehicle controllers
and adjusting charging cycles, the BMS extends battery life and reduces operational costs. This integration helps minimize 
environmental impact by reducing t

user-friendly, and
traditional BMS by providing real

The successful implementation and testing of the system demonstrate its potential for real
various applications, from personal EVs to large
integrating artificial intelligence and machine learning for advanced analytics, incorporating renewable energy sources for 
sustainability, and expanding the system's compatibility with different battery technolo
further enhance the system's capabilities, making it a vital tool for modern energy management and sustainable 
development. 

Future Work 
based Battery Management System (BMS) developed in this project provid

energy monitoring and control. However, there are several areas for future enhancement to further improve its 
performance, scalability, and sustainability:

Integration of Artificial
ictive Analytics

based on historical data and
Anomaly Detection

maintenance and reducing downtime.
Renewable Energy Integration

Charging: In 
environmentally friendly and self

Energy Systems
and solar, for more efficient energy management.
Advanced Cloud Platforms
Enhanced Data Storage

 
Comprehensive Analytics
deeper insights into battery performance and health.
Hardware Upgrades
Transition to ESP32
processing capabilities and additional GPIO pins for expanded functionality.
Enhanced Sensors: 
and other environmental factors.
Automated Battery
Seamless Operation
convenience, particularly
Expanded Compatibility
Diverse Battery Technologies
and energy storage models,
Interoperability: Ensure

 
Application 

User Accessibility: 
management of the system, improving user accessibility and control.
Wireless Charging Integration
Convenience and Efficiency
reducing the need for physical connections.
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Ensuring reliable operation of battery
time insights, predictive failure warnings, and cloud

maintenance approach, reducing the total cost of ownership and enhancing the reliability of battery
systems across various industries. 

The development of an advanced IoT-based Battery Management System (BMS) has been success
a significant milestone in enhancing battery efficiency, safety, and lifespan. The system integrates real

accessibility, providing a comprehensive solution for managing battery health in el
and other applications. Key features of the system include continuous tracking of voltage, current, and temperature, 
automated alerts for anomalies, and protective mechanisms to prevent overcharging, deep discharge, and overheating. 

he integration with the Blynk platform allows users to monitor battery health remotely via a mobile app or web 
dashboard, ensuring timely detection and resolution of issues. The system's ability to communicate with external systems, 

lers and charging
and adjusting charging cycles, the BMS extends battery life and reduces operational costs. This integration helps minimize 
environmental impact by reducing the need for frequent battery replacements. Overall, the IoT

and scalable solution for improving battery performance
traditional BMS by providing real-time monitoring, 

The successful implementation and testing of the system demonstrate its potential for real
various applications, from personal EVs to large
integrating artificial intelligence and machine learning for advanced analytics, incorporating renewable energy sources for 
sustainability, and expanding the system's compatibility with different battery technolo
further enhance the system's capabilities, making it a vital tool for modern energy management and sustainable 

based Battery Management System (BMS) developed in this project provid
energy monitoring and control. However, there are several areas for future enhancement to further improve its 
performance, scalability, and sustainability:

Artificial Intelligence
Analytics: Implement AI/ML algorithms to predict battery failures and optimize energy consumption 

and usage patterns.
Detection: Use machine learning models to detect anomalies in battery performance, enabling proact

maintenance and reducing downtime. 
Integration: 
 corporate solar charging mechanisms to enhance sustainability
and self-sufficient.

Systems: Develop hybr
and solar, for more efficient energy management.

Platforms: 
Storage: Upgrade to more robust cloud platforms for better historical data storage and advanced

Analytics: Utilize cloud
deeper insights into battery performance and health.

Upgrades: 
Transition to ESP32: Migrate from ESP8266 to the more po
processing capabilities and additional GPIO pins for expanded functionality.

 Integrate more advanced sensors to measure additional parameters such as humidity, pressure, 
mental factors. 

Battery Swapping: 
Seamless Operation: Develop an automated battery swapping mechanism to minimize downtime and enhance user 
convenience, particularly in electric 

Compatibility: 
echnologies: 

and energy storage models, expanding its applicability in the energy sector.
Ensure seamless integration with various EV models, charging statio

 Development
: Create a dedicated mobile application for real

management of the system, improving user accessibility and control.
Integration:

Convenience and Efficiency: Explore
reducing the need for physical connections.
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Ensuring reliable operation of battery
time insights, predictive failure warnings, and cloud

maintenance approach, reducing the total cost of ownership and enhancing the reliability of battery

X.
based Battery Management System (BMS) has been success

a significant milestone in enhancing battery efficiency, safety, and lifespan. The system integrates real
accessibility, providing a comprehensive solution for managing battery health in el

and other applications. Key features of the system include continuous tracking of voltage, current, and temperature, 
automated alerts for anomalies, and protective mechanisms to prevent overcharging, deep discharge, and overheating. 

he integration with the Blynk platform allows users to monitor battery health remotely via a mobile app or web 
dashboard, ensuring timely detection and resolution of issues. The system's ability to communicate with external systems, 

charging stations, enhances energy management and efficiency. By analysing usage patterns 
and adjusting charging cycles, the BMS extends battery life and reduces operational costs. This integration helps minimize 

he need for frequent battery replacements. Overall, the IoT
scalable solution for improving battery performance

time monitoring, remote accessibility, predictive maintenance,
The successful implementation and testing of the system demonstrate its potential for real

various applications, from personal EVs to large-
integrating artificial intelligence and machine learning for advanced analytics, incorporating renewable energy sources for 
sustainability, and expanding the system's compatibility with different battery technolo
further enhance the system's capabilities, making it a vital tool for modern energy management and sustainable 

XI.

based Battery Management System (BMS) developed in this project provid
energy monitoring and control. However, there are several areas for future enhancement to further improve its 
performance, scalability, and sustainability: 

Intelligence and Machine Learning
Implement AI/ML algorithms to predict battery failures and optimize energy consumption 

patterns. 
machine learning models to detect anomalies in battery performance, enabling proact

 
solar charging mechanisms to enhance sustainability

sufficient. 
Develop hybrid systems that combine multiple

and solar, for more efficient energy management.

Upgrade to more robust cloud platforms for better historical data storage and advanced

Utilize cloud-based tools for more sophisticated data analysis and visualization, enabling 
deeper insights into battery performance and health.

Migrate from ESP8266 to the more po
processing capabilities and additional GPIO pins for expanded functionality.

more advanced sensors to measure additional parameters such as humidity, pressure, 

 
Develop an automated battery swapping mechanism to minimize downtime and enhance user 

 vehicle (EV) applications.

: Enhance the system's
expanding its applicability in the energy sector.
seamless integration with various EV models, charging statio

Development: 
Create a dedicated mobile application for real

management of the system, improving user accessibility and control.
 

Explore wireless
reducing the need for physical connections. 
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Ensuring reliable operation of battery- powered
time insights, predictive failure warnings, and cloud

maintenance approach, reducing the total cost of ownership and enhancing the reliability of battery

X. CONCLUSION
based Battery Management System (BMS) has been success

a significant milestone in enhancing battery efficiency, safety, and lifespan. The system integrates real
accessibility, providing a comprehensive solution for managing battery health in el

and other applications. Key features of the system include continuous tracking of voltage, current, and temperature, 
automated alerts for anomalies, and protective mechanisms to prevent overcharging, deep discharge, and overheating. 

he integration with the Blynk platform allows users to monitor battery health remotely via a mobile app or web 
dashboard, ensuring timely detection and resolution of issues. The system's ability to communicate with external systems, 

enhances energy management and efficiency. By analysing usage patterns 
and adjusting charging cycles, the BMS extends battery life and reduces operational costs. This integration helps minimize 

he need for frequent battery replacements. Overall, the IoT
scalable solution for improving battery performance

remote accessibility, predictive maintenance,
The successful implementation and testing of the system demonstrate its potential for real

-scale energy stora
integrating artificial intelligence and machine learning for advanced analytics, incorporating renewable energy sources for 
sustainability, and expanding the system's compatibility with different battery technolo
further enhance the system's capabilities, making it a vital tool for modern energy management and sustainable 

XI.  FUTURE WORK

based Battery Management System (BMS) developed in this project provid
energy monitoring and control. However, there are several areas for future enhancement to further improve its 

and Machine Learning
Implement AI/ML algorithms to predict battery failures and optimize energy consumption 

machine learning models to detect anomalies in battery performance, enabling proact

solar charging mechanisms to enhance sustainability

id systems that combine multiple
and solar, for more efficient energy management. 

Upgrade to more robust cloud platforms for better historical data storage and advanced

based tools for more sophisticated data analysis and visualization, enabling 
deeper insights into battery performance and health. 

Migrate from ESP8266 to the more po
processing capabilities and additional GPIO pins for expanded functionality.

more advanced sensors to measure additional parameters such as humidity, pressure, 

Develop an automated battery swapping mechanism to minimize downtime and enhance user 
(EV) applications. 

system's compatibility to accommodate different battery technologies 
expanding its applicability in the energy sector.
seamless integration with various EV models, charging statio

Create a dedicated mobile application for real
management of the system, improving user accessibility and control.

wireless charging solutions to enhance the system's ease of use and efficiency, 
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powered farm equipment
time insights, predictive failure warnings, and cloud-based analytics, this BMS supports a proactive 

maintenance approach, reducing the total cost of ownership and enhancing the reliability of battery

CONCLUSION 
based Battery Management System (BMS) has been success

a significant milestone in enhancing battery efficiency, safety, and lifespan. The system integrates real
accessibility, providing a comprehensive solution for managing battery health in el

and other applications. Key features of the system include continuous tracking of voltage, current, and temperature, 
automated alerts for anomalies, and protective mechanisms to prevent overcharging, deep discharge, and overheating. 

he integration with the Blynk platform allows users to monitor battery health remotely via a mobile app or web 
dashboard, ensuring timely detection and resolution of issues. The system's ability to communicate with external systems, 

enhances energy management and efficiency. By analysing usage patterns 
and adjusting charging cycles, the BMS extends battery life and reduces operational costs. This integration helps minimize 

he need for frequent battery replacements. Overall, the IoT
scalable solution for improving battery performance

remote accessibility, predictive maintenance,
The successful implementation and testing of the system demonstrate its potential for real

scale energy storage systems. Future enhancements may include 
integrating artificial intelligence and machine learning for advanced analytics, incorporating renewable energy sources for 
sustainability, and expanding the system's compatibility with different battery technolo
further enhance the system's capabilities, making it a vital tool for modern energy management and sustainable 

WORK 

based Battery Management System (BMS) developed in this project provid
energy monitoring and control. However, there are several areas for future enhancement to further improve its 

and Machine Learning: 
Implement AI/ML algorithms to predict battery failures and optimize energy consumption 

machine learning models to detect anomalies in battery performance, enabling proact

solar charging mechanisms to enhance sustainability

id systems that combine multiple

Upgrade to more robust cloud platforms for better historical data storage and advanced

based tools for more sophisticated data analysis and visualization, enabling 

Migrate from ESP8266 to the more powerful ESP32
processing capabilities and additional GPIO pins for expanded functionality. 

more advanced sensors to measure additional parameters such as humidity, pressure, 

Develop an automated battery swapping mechanism to minimize downtime and enhance user 

compatibility to accommodate different battery technologies 
expanding its applicability in the energy sector. 
seamless integration with various EV models, charging statio

Create a dedicated mobile application for real-time monitoring, instant updates,
management of the system, improving user accessibility and control. 

solutions to enhance the system's ease of use and efficiency, 
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equipment and machinery.
based analytics, this BMS supports a proactive 

maintenance approach, reducing the total cost of ownership and enhancing the reliability of battery

based Battery Management System (BMS) has been success
a significant milestone in enhancing battery efficiency, safety, and lifespan. The system integrates real

accessibility, providing a comprehensive solution for managing battery health in el
and other applications. Key features of the system include continuous tracking of voltage, current, and temperature, 
automated alerts for anomalies, and protective mechanisms to prevent overcharging, deep discharge, and overheating. 

he integration with the Blynk platform allows users to monitor battery health remotely via a mobile app or web 
dashboard, ensuring timely detection and resolution of issues. The system's ability to communicate with external systems, 

enhances energy management and efficiency. By analysing usage patterns 
and adjusting charging cycles, the BMS extends battery life and reduces operational costs. This integration helps minimize 

he need for frequent battery replacements. Overall, the IoT
scalable solution for improving battery performance and safety. 

remote accessibility, predictive maintenance,
The successful implementation and testing of the system demonstrate its potential for real

ge systems. Future enhancements may include 
integrating artificial intelligence and machine learning for advanced analytics, incorporating renewable energy sources for 
sustainability, and expanding the system's compatibility with different battery technologies. These improvements will 
further enhance the system's capabilities, making it a vital tool for modern energy management and sustainable 

based Battery Management System (BMS) developed in this project provides a solid foundation for advanced 
energy monitoring and control. However, there are several areas for future enhancement to further improve its 

Implement AI/ML algorithms to predict battery failures and optimize energy consumption 

machine learning models to detect anomalies in battery performance, enabling proact

solar charging mechanisms to enhance sustainability 

id systems that combine multiple renewable 

Upgrade to more robust cloud platforms for better historical data storage and advanced

based tools for more sophisticated data analysis and visualization, enabling 

ESP32 microcontroller, which offers greater 
 

more advanced sensors to measure additional parameters such as humidity, pressure, 

Develop an automated battery swapping mechanism to minimize downtime and enhance user 

compatibility to accommodate different battery technologies 
 

seamless integration with various EV models, charging statio

time monitoring, instant updates,

solutions to enhance the system's ease of use and efficiency, 
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and machinery. 
based analytics, this BMS supports a proactive 

maintenance approach, reducing the total cost of ownership and enhancing the reliability of battery

based Battery Management System (BMS) has been successfully completed, marking 
a significant milestone in enhancing battery efficiency, safety, and lifespan. The system integrates real-time monitoring,

accessibility, providing a comprehensive solution for managing battery health in electric vehicles (EVs) 
and other applications. Key features of the system include continuous tracking of voltage, current, and temperature, 
automated alerts for anomalies, and protective mechanisms to prevent overcharging, deep discharge, and overheating. 

he integration with the Blynk platform allows users to monitor battery health remotely via a mobile app or web 
dashboard, ensuring timely detection and resolution of issues. The system's ability to communicate with external systems, 

enhances energy management and efficiency. By analysing usage patterns 
and adjusting charging cycles, the BMS extends battery life and reduces operational costs. This integration helps minimize 

he need for frequent battery replacements. Overall, the IoT- based
 It addresses the

remote accessibility, predictive maintenance, and comprehensive
The successful implementation and testing of the system demonstrate its potential for real-world deployment in 

ge systems. Future enhancements may include 
integrating artificial intelligence and machine learning for advanced analytics, incorporating renewable energy sources for 

gies. These improvements will 
further enhance the system's capabilities, making it a vital tool for modern energy management and sustainable 

es a solid foundation for advanced 
energy monitoring and control. However, there are several areas for future enhancement to further improve its 

Implement AI/ML algorithms to predict battery failures and optimize energy consumption 

machine learning models to detect anomalies in battery performance, enabling proact

 and make the

 energy sources, such as wind 

Upgrade to more robust cloud platforms for better historical data storage and advanced

based tools for more sophisticated data analysis and visualization, enabling 

microcontroller, which offers greater 

more advanced sensors to measure additional parameters such as humidity, pressure, 

Develop an automated battery swapping mechanism to minimize downtime and enhance user 

compatibility to accommodate different battery technologies 

seamless integration with various EV models, charging stations, and energy management 

time monitoring, instant updates,

solutions to enhance the system's ease of use and efficiency, 
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based analytics, this BMS supports a proactive 
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