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KEYWORDS ABSTRACT

Electric Vehicles (EV), Battery The increasing demand for electric vehicles has created a strong need for efficient and
Management ~ System  (BMS), reliable battery management systems to ensure safety, performance, and longevity of
Arduino Uno,State of Charge batteries. This paper presents the design and implementation of an Electric Vehicle Battery
(SoC). Management System (BMS) using an Arduino Uno as the main controller. The system

focuses on continuous monitoring of essential battery parameters such as voltage, current,
and temperature.Sensors are used to collect real-time data, which is processed by the
microcontroller to maintain the battery within safe operating limits. The system is capable
of preventing critical conditions such as overcharging, deep discharge, and overheating,
thereby reducing the risk of battery damage and improving overall efficiency. A Liquid
Crystal Display (LCD) is incorporated to provide real-time feedback to the user, while LEDs
are used as indicators for different operational states and warning conditions. Additionally,
the system includes basic motor control functionality based on battery status, ensuring
efficient energy utilization. The proposed design offers a cost-effective and practical solution
for battery monitoring in electric vehicles. Overall, the implementation enhances battery
safety, extends lifespan, and contributes to the reliable operation of electric vehicle systems.

I. INTRODUCTION

In recent years, the rapid growth of electric vehicles
(EVs) has significantly transformed the transportation
sector, driven by the need for sustainable and
environmentally friendly solutions. Unlike conventional
vehicles that rely on fossil fuels, electric vehicles depend
entirely on battery systems for energy storage and power

delivery. As a result, the performance, safety, and
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reliability of an EV are highly dependent on the effective
management of its battery system.

Batteries used in electric vehicles are sensitive to
operating conditions such as voltage fluctuations,
excessive current, and temperature variations. Improper
handling of these parameters can lead to reduced
efficiency, shortened battery lifespan, or even hazardous

situations like overheating and thermal runaway.
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Therefore, a Battery Management System (BMS) plays a
crucial role in ensuring that the battery operates within
safe and optimal limits.

A BMS is an electronic control system that continuously
monitors battery parameters, protects the battery from
abnormal conditions, and improves overall performance.
It helps in preventing overcharging, deep discharging,
and overheating, which are common causes of battery
degradation. In addition, modern BMS designs focus on
improving energy efficiency and reliability through
real-time monitoring and intelligent control techniques
(11[2]-

In this project, a simple and cost-effective Battery
Management System is developed using an Arduino
Uno microcontroller. The system integrates various
sensors to measure Voltage, current, and temperature,
and processes the data to ensure safe battery operation.
A display unit is used to provide real-time information
to the user, while LEDs indicate system status and
warning conditions. The system also includes basic
control over motor operation based on battery
conditions, enhancing energy utilization.

The primary objective of this work is to design a reliable
and efficient battery monitoring system that can improve
safety, extend battery life, and ensure better performance
in electric vehicles. This approach provides a practical
solution suitable for small-scale EV applications and
educational purposes, while also serving as a foundation
for further advancements in battery management

technologies [3][4].

2. REVIEW LITERATURE SURVEY

The development of efficient Battery Management
Systems (BMS) has been an important area of research
due to the increasing adoption of electric vehicles.
Various researchers have contributed to improving
battery performance, safety, and monitoring techniques
through different approaches.

A study by H. He, R. Xiong, and ]. Fan focused on the
of BMS in
highlighting the importance of monitoring critical

fundamental role electric  vehicles,
parameters such as voltage, current, and temperature.
The authors
estimation of State of Charge (SOC) and State of Health

(SOH) to ensure reliable battery performance and

emphasized the need for accurate

extended lifespan [1]. Their work established a strong
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foundation for understanding the core functionalities
required in a BMS.

Similarly, S. Li and B. Ke presented a comprehensive
review of battery management techniques, discussing
various protection mechanisms and control strategies.
Their research addressed challenges such as thermal
management and cell balancing, which are essential for
maintaining battery stability. The study concluded that
an effective BMS not only enhances battery efficiency but
also reduces the chances of system failure [2].

Further advancements in BMS technologies were
explored by M. A. Hannan, M. M. Hoque, and A.
Mohamed, who introduced advanced monitoring and
control methods. Their work highlighted the use of
intelligent algorithms and fault detection techniques to
improve system reliability. The authors demonstrated
that BMS

incorporating automation and smart control features to

modern solutions are increasingly
handle complex battery behaviors [3].

In addition, P. Verma and A. Kumar proposed an
IoT-based battery monitoring system that enables
real-time data tracking and remote monitoring. Their
approach allows users to access battery status through
cloud-based platforms, improving maintenance and
early fault detection. This study shows how connectivity
and digital technologies can enhance the efficiency of
battery management systems [4].

Moreover, recent research by Y. Zhang and C. Wang
explored the integration of Artificial Intelligence (Al) in
BMS design. The authors demonstrated how machine
learning algorithms can be used to predict battery
performance, estimate SOC and SOH more accurately,
and detect faults at an early stage. Their findings indicate
that Al-based systems significantly improve battery
safety, efficiency, and lifespan compared to traditional
methods [5].

From the above studies, it is evident that Battery
Management Systems have evolved from basic
monitoring units to advanced intelligent systems.
However, many of these solutions involve high
complexity and cost. Therefore, there is a need for a
simple, cost-effective, and reliable BMS design, which
motivates  the

development of the proposed

Arduino-based system in this project.




3. RESEARCH METHODOLOGY

The methodology adopted in this project focuses on
the design and implementation of a simple, cost-effective
Battery Management System (BMS) for electric vehicles
using an Arduino Uno microcontroller. The approach
involves hardware

systematic  integration  of

components, sensor-based data acquisition, and
real-time monitoring to ensure safe battery operation.

A. System Design Approach

The proposed system is designed to continuously
monitor key battery parameters such as voltage, current,
and temperature. These parameters are critical in
determining the health and performance of the battery.
Sensors are used to capture real-time data, which is then
processed by the Arduino Uno. Based on the processed
information, the system takes necessary actions to
maintain safe operating conditions.

The design follows a modular approach, where each
component performs a specific function. This includes
sensing units, processing unit, display system, and
control mechanisms. Such a structured design improves
system reliability and makes it easier to implement and
troubleshoot.

B. Hardware Implementation

The hardware setup consists of an Arduino Uno as the
central controller, along with voltage sensors, current
sensors, and temperature sensors. These sensors are
connected to the analog input pins of the
microcontroller, allowing continuous data acquisition.

A Liquid Crystal Display (LCD) is used to display
real-time battery information such as voltage levels and
system status. LEDs are included to indicate different
operating conditions, such as normal operation,
warning, or fault states. A motor driver circuit is also
integrated to control motor operation based on battery
conditions.

The system is powered using a regulated power supply
to ensure stable voltage for all components. Proper
interfacing between components ensures accurate data
collection and reliable system performance.

C. Software Implementation

The software for the system is developed using the
Arduino Integrated Development Environment (IDE).
The program is written in embedded C/C++ and consists
of two main functions: setup() and loop().

In the setup() function, all input and output devices are

initialized, including sensors, LCD, and LEDs. The loop()
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function continuously reads sensor data, processes it,
and updates the display and indicators accordingly.

The algorithm is designed to compare sensor readings
with predefined threshold values. If any parameter
exceeds safe limits, the system triggers warning signals
or takes control actions such as stopping the motor to
prevent damage.

D. Data Monitoring and Control Strategy

The system continuously monitors battery parameters in
real-time. The collected data is analyzed to detect
abnormal conditions such as overvoltage, undervoltage,
or excessive temperature. Based on this analysis,
appropriate actions are taken to protect the battery.

This real-time monitoring approach improves battery
safety and helps in early fault detection. It also ensures
efficient energy utilization by controlling the motor
based on battery status.

E. System Validation

The proposed system is tested under different operating
conditions to verify its performance. The sensor readings
are observed through the LCD display, and system
responses are checked for various scenarios such as high
temperature or low voltage.

The results confirm that the system effectively monitors
battery parameters and responds appropriately to
abnormal conditions, thereby improving safety and

reliability.

4. PROPOSED METHODOLOGY

The proposed system aims to develop a simple and
cost-effective Battery Management System (BMS) using
an Arduino Uno microcontroller to ensure safe and
efficient operation of electric vehicle batteries. The
system is designed to continuously monitor important
battery parameters such as voltage, current, and
temperature. These parameters are measured using
appropriate sensors and are essential for determining the
overall health and performance of the battery.

The working of the system is based on real-time data
acquisition and processing. The sensors collect battery
data and send it to the Arduino Uno, which acts as the
central processing unit. The microcontroller analyzes the
received data by comparing it with predefined safe
limits. If the parameters remain within the safe range,
the system continues to operate normally. However, if

any parameter exceeds its threshold value, the system




immediately detects the abnormal condition and initiates
necessary protective actions.

To enhance safety, the system includes a control
mechanism that prevents damage to the battery. When
conditions such as

overvoltage, undervoltage, or

excessive temperature are detected, the Arduino
activates warning indicators and can control the motor
operation through a motor driver circuit. This helps in
avoiding harmful situations like overheating or deep
discharge, thereby increasing battery life and ensuring
reliable performance.

The system also provides a user-friendly interface
through a 16x2 LCD display, which shows real-time
battery information such as voltage levels and system
status. In addition, LED indicators are used to represent
different operating conditions, allowing the user to
quickly understand whether the system is functioning
normally or if there is a fault.

Overall, the

continuous monitoring, timely decision-making, and

proposed methodology focuses on

protective control actions. This approach not only
improves battery safety and efficiency but also offers a
practical and low-cost solution suitable for small-scale

electric vehicle applications and educational purposes

WORKING PRINCIPLE

The working principle of the proposed Battery
Management System (BMS) is based on continuous
monitoring, processing, and control of key battery
parameters to ensure safe and efficient operation. The
system uses sensors to measure important parameters
such as voltage, current, and temperature of the battery
in real time. These sensors are connected to the Arduino
Uno microcontroller, which acts as the central processing
unit of the system.

As the battery operates, the sensors continuously collect
data and send it to the Arduino. The microcontroller
reads these values through its analog input pins and
processes them using programmed logic. The measured
values are then compared with predefined threshold
limits to determine whether the battery is operating
under safe conditions. If all parameters are within the
acceptable range, the system continues normal operation

without any interruption.

However, if any abnormal condition is detected, such as

overvoltage, excessive current, or high temperature, the
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system immediately responds by activating warning
indicators like LEDs and displaying alert messages on
the LCD screen. In critical situations, the system can also
control or stop the motor operation through a motor

driver circuit to prevent further damage to the battery.

The LCD display provides real-time information about
the battery status, allowing the user to monitor system
performance continuously. LED indicators offer quick
visual feedback for different operating conditions. This
combination of monitoring, decision-making, and
control ensures that the battery operates within safe
limits, thereby improving its lifespan, efficiency, and

overall reliability.
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5. RESULTS AND OUTCOMES

The implemented Battery Management System
(BMS) was successfully tested under different operating
conditions to evaluate its performance and reliability.
The system was able to continuously monitor key battery
parameters such as voltage, current, and temperature in
real time. The sensor readings were accurately displayed
on the LCD, allowing easy observation of battery status
during operation.
During testing, the system effectively detected abnormal

conditions such as overvoltage, undervoltage, and




increased temperature. Whenever these conditions

occurred, the system responded immediately by
activating LED indicators and displaying warning
messages on the LCD. This confirmed that the system is
capable of providing timely alerts and ensuring battery
safety.

The control mechanism of the system also functioned as
expected. When unsafe conditions were detected, the
Arduino successfully controlled the motor operation
through the motor driver circuit, preventing further
damage to the battery. This demonstrated the system’s
ability to take protective actions automatically without
user intervention.

The overall performance of the system showed that it is
reliable, efficient, and suitable for real-time battery
monitoring applications. The use of Arduino Uno made
still

maintaining good accuracy and responsiveness. The

the system simple and cost-effective while
integration of sensors, display unit, and control features
worked smoothly, resulting in a stable and functional
BMS.

In conclusion, the developed system achieved its
objective of improving battery safety, enhancing
performance, and extending battery life. The results
indicate that this approach can be effectively used in
small-scale electric vehicle applications and can serve as
a foundation for further improvements and advanced

battery management solutions.

6. CONCLUSION

The development of an efficient Battery Management
System (BMS) is essential for ensuring the safe and
reliable operation of electric vehicles. In this project, a
simple and cost-effective BMS has been successfully
designed and implemented using an Arduino Uno
microcontroller. The system effectively monitors key
battery parameters such as voltage, current, and
temperature in real time, which are critical for
maintaining battery health and performance.

The proposed system demonstrated its ability to detect
abnormal conditions such as

overcharging, deep

discharge, and overheating. By providing timely
warnings through LEDs and LCD display, and by
controlling motor operation during unsafe conditions,
the system enhances battery safety and prevents

potential damage. This not only improves the overall
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efficiency of the system but also contributes to extending
the battery lifespan.

Compared to complex and expensive battery
management solutions, the developed system offers a
practical and economical alternative, especially suitable

vehicle and
The that

continuous monitoring and timely control actions play a

for small-scale electric applications

educational purposes. results confirm

significant role in improving battery reliability and
performance [1][2].

In conclusion, the project successfully meets its
objectives by providing a reliable, user-friendly, and
efficient battery monitoring system. It also serves as a
strong foundation for future enhancements, such as
integrating advanced technologies like IoT and artificial
intelligence for smarter and more autonomous battery

management systems [3][4][5].
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