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Abstract -This paper investigates the development and
simulation of a Battery Management System (BMS) for
electric vehicles (EVs), focusing on a 60V, 120Ah lithium-
ion battery pack. A robust BMS is essential for maintaining
battery health, optimizing performance, and ensuring safety
in EV applications. The study models a BMS using
MATLAB/Simulink, emphasizing State of Charge (SOC)
estimation, cell balancing, thermal management, and fault
protection. The simulation tests the model under various
load and environmental conditions, demonstrating the
BMS's effectiveness in preserving battery health and
operational efficiency. Results indicate improved accuracy
in SOC estimation, enhanced cell balancing, and effective
temperature control, making the system a viable solution for
EV applications.
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l. INTRODUCTION

The adoption of electric vehicles (EVS) is accelerating as
the world seeks alternatives to fossil fuels. Central to an
EV's performance and safety is its battery system, which
requires careful management to avoid issues such as
overheating, overcharging, and cell imbalance. A Battery
Management System (BMS) oversees these aspects by
managing the battery’s charge/discharge cycles, ensuring
optimal usage, and extending the battery's lifespan.

This research focuses on developing a BMS model using
MATLAB/Simulink, chosen for its ability to simulate and
analyze complex systems. This model targets SOC
estimation, cell balancing, and thermal management. SOC
estimation, which indicates the remaining charge, is critical
for range prediction and overall vehicle performance.
Accurate SOC tracking, coupled with effective thermal
management, is essential for reliable and safe EV operation,
especially in high-power applications. This paper examines
how a MATLAB/Simulink-based BMS can fulfill these
needs.

A Battery Management System is an embedded electronic
system designed to monitor, manage, and protect battery
cells or packs during operation.
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Il. LITERATURE REVIEW

Battery Management Systems (BMS) are essential for
modern EVs, encompassing functions like SOC estimation,
thermal control, and cell balancing. A review of recent
studies highlights several advancements in these areas.

SOC estimation methods, including Kalman filtering and
Coulomb counting, are popular in research due to their
accuracy in tracking battery capacity under varying
conditions
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Kalman filtering uses mathematical modeling to predict
SOC by accounting for factors like current, voltage, and
temperature changes. Coulomb counting, although simpler,
integrates the current over time to estimate SOC and is often
combined with voltage-based methods for increased
accuracy.[2]

Cell balancing techniques, categorized as active or passive,
equalize the charge levels across battery cells, thus avoiding
stress on individual cells and prolonging battery life.
Passive balancing dissipates excess energy as heat, while
active balancing transfers charge between cells. Studies
using MATLAB/Simulink models have shown that active
balancing can significantly improve battery efficiency and
lifespan.[3]

Thermal management is also a critical focus, as lithium-ion
batteries are sensitive to temperature changes. Models
developed in MATLAB/Simulink often include control
systems that simulate cooling and heating mechanisms to
keep battery temperatures within safe limits, thus preventing
thermal runaway.[4]

I1l. BACKGROUND

The increasing adoption of electric vehicles (EVs) has
heightened the demand for efficient and reliable Battery
Management Systems (BMS). A BMS is essential for
ensuring the safe operation, longevity, and performance of
the battery pack in EVs. BMS plays a crucial role in
monitoring and controlling the battery’s state-of-charge
(SOC), state-of-health (SOH), and thermal management.
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At the heart of a BMS, power electronics manage the
conversion and regulation of electrical energy, ensuring that
the battery operates within safe voltage and current limits.
The integration of loT technologies has enabled remote
monitoring and control, improving the overall user
experience and system maintenance. The adoption of
advanced control systems ensures the battery pack is
operating efficiently and safely, while signal processing
techniques enhance the accuracy of sensor data used to
make real-time decisions.

Embedded systems serve as the computational core of BMS,
running algorithms that control the battery's operation.
Meanwhile, emerging technologies such as machine
learning (ML) and artificial intelligence (Al) are being
explored for predictive maintenance, allowing for optimized
charging cycles and better lifecycle management.
Communication protocols like CAN ensure seamless
interaction between the BMS and the vehicle’s broader
control system, while thermal management strategies
protect the battery from harmful temperature fluctuations.

With these domains working in concert, a well-designed
BMS contributes not only to the safe operation of EVs but
also enhances performance and extends the battery's usable
life. As electric vehicle technology advances, so too will the
complexity and capabilities of Battery Management
Systems, making them a critical component of future energy
storage solutions.

1V.PROBLEM DEFINITION

Electric vehicles (EVs) rely heavily on efficient and reliable
battery management systems (BMS) to ensure optimal
performance, safety, and longevity of their battery packs.
However, challenges persist in accurately estimating the
state of charge (SOC), managing thermal control, and
balancing the battery cells to prevent overcharging or over-
discharging, leading to reduced battery efficiency and
lifespan. This research aims to develop a robust and cost-
effective BMS solution that enhances SOC estimation,
ensures effective cell balancing, and improves overall
battery safety for EVs.
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Fig2: Schematic diagram of hardware system

VI. FLOW CHART

Define Requirements and
Objectives

System Architecture Design.

Hardware Selection and Design.

Software and Firmware
Development

Testing and Calibration of Sensors

Algorithm Validation and
Optimization

Prototype Development and
Assembly

Ending the stimulation , collecting
the data and documenting it




I11. OBJECTIVE

The primary objective of this project is to design and
develop an efficient Battery Management System (BMS) for
electric vehicles (EVs), focusing on the accurate estimation
of State of Charge (SOC), ensuring optimal battery health
through cell balancing, and enhancing the safety and
longevity of the battery pack. The system aims to provide
real-time monitoring, protect against overcharging and over-
discharging, and implement intelligent algorithms for
predictive maintenance and energy optimization, thereby
contributing to the overall performance and efficiency of
EVs.

IV. BACKGROUND

The increasing adoption of electric vehicles (EVs) has
heightened the demand for efficient and reliable Battery
Management Systems (BMS). A BMS is essential for
ensuring the safe operation, longevity, and performance of
the battery pack in EVs. BMS plays a crucial role in
monitoring and controlling the battery’s state-of-charge
(SOC), state-of-health (SOH), and thermal management.

At the heart of a BMS, power electronics manage the
conversion and regulation of electrical energy, ensuring that
the battery operates within safe voltage and current limits.
The integration of IoT technologies has enabled remote
monitoring and control, improving the overall user
experience and system maintenance. The adoption of
advanced control systems ensures the battery pack is
operating efficiently and safely, while signal processing
techniques enhance the accuracy of sensor data used to
make real-time decisions.

Embedded systems serve as the computational core of BMS,
running algorithms that control the battery's operation.
Meanwhile, emerging technologies such as machine
learning (ML) and artificial intelligence (Al) are being
explored for predictive maintenance, allowing for optimized
charging cycles and better lifecycle management.
Communication protocols like CAN ensure seamless
interaction between the BMS and the vehicle’s broader
control system, while thermal management strategies
protect the battery from harmful temperature fluctuations.

With these domains working in concert, a well-designed
BMS contributes not only to the safe operation of EVs but
also enhances performance and extends the battery's usable
life. As electric vehicle technology advances, so too will the
complexity and capabilities of Battery Management
Systems, making them a critical component of future energy
storage solutions.
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IV. FUTURE SCOPE

The future scope of Battery Management Systems lies in
their integration with advanced energy solutions, such as
next-generation solid-state batteries and renewable energy
storage systems. As the demand for EVs and grid-level
energy storage increases, BMS will play a vital role in
enhancing battery efficiency, safety, and lifespan. Emerging
technologies like Al and machine learning will enable
predictive maintenance and adaptive control strategies,
further improving system reliability.

Additionally, the adoption of wireless BMS will reduce
complexity and improve scalability in large-scale
applications. As global demand for sustainable and energy-
efficient solutions increases, advanced BMS technologies
will play a crucial role in optimizing battery performance,
enhancing safety, and extending the lifespan of batteries.

The integration of artificial intelligence (Al) and machine
learning algorithms with BMS will enable predictive
maintenance, real-time fault detection, and autonomous
optimization, contributing to smarter energy systems.
Additionally, with the rise of solid-state batteries, wireless
charging, and grid-scale energy storage systems, the role of
BMS will evolve, requiring further research and
development to address new challenges and opportunities in
energy storage management.

Conclusion

The development of a Battery Management System (BMS)
is vital to ensure the efficient, safe, and reliable operation of
modern energy storage systems. This project has explored
the various components and functionalities of a BMS,
including state-of-charge estimation, battery health
monitoring, and thermal management, all of which are
integral to the success of electric vehicles and renewable
energy systems.

By improving the overall performance and lifespan of
batteries, BMS technology will not only enhance the user
experience but also contribute to a more sustainable and
energy-efficient future. Integration of BMS with Artificial
Intelligence and Machine Learning can make battery
management system more advance and help to perform
well.
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