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Abstract: This project focuses on designing a smart Battery Monitoring and Detection System for electric
vehicles (EVs). The main purpose of the system is to continuously observe important battery parameters such
as voltage, current, and temperature. By using sensors and a microcontroller, the system ensures real-time
monitoring of battery health. It helps in preventing issues like overcharging, deep discharge, and overheating.
The system is also designed to detect abnormal conditions that may lead to battery failure or fire hazards.
When any unsafe condition is detected, it provides alerts and can take protective actions. This improves the
safety and reliability of electric vehicles. Additionally, the project aims to increase battery life by maintaining
proper charging and discharging conditions. It is a cost-effective and efficient solution suitable for modern
EV applications. The system can also be extended with IoT features for remote monitoring. To enhance
system performance, data logging features can be added for analyzing battery behavior over time. The system
can also support predictive maintenance by identifying early signs of battery degradation. Integration with
mobile applications allows users to monitor battery status remotely. Advanced algorithms can further
improve accuracy in fault detection. This makes the system more intelligent and suitable for future smart EV
technologies.
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I. INTRODUCTION

Electric vehicles are becoming more popular in today’s world because they are eco-friendly and help reduce air pollution
[3], [34]. With the increasing demand for clean energy solutions, EVs are considered an important step toward sustainable
transportation [53]. The battery is the core component of an electric vehicle, as it stores and supplies energy required for
operation [6]. However, batteries are sensitive devices and require proper monitoring and protection to function safely
and efficiently [10]. If the battery is not properly monitored, it can lead to serious issues such as overcharging, deep
discharge, overheating, and cell imbalance [13], [18]. These problems not only reduce battery life but can also cause
safety hazards like thermal runaway and fire accidents [19], [21]. Therefore, maintaining battery health is very important
for the safe operation of electric vehicles [2]. Traditional battery monitoring methods are not sufficient because they do
not provide continuous real-time data [5]. In many cases, manual checking or basic charging systems are used, which fail
to detect problems at an early stage [4]. This increases the risk of battery failure and reduces overall system reliability
[52].
To overcome these limitations, a Battery Monitoring and Detection System is required [1]. This system continuously
monitors key battery parameters such as voltage, current, temperature, and state of charge (SOC) [6]. These parameters
help in understanding the condition and performance of the battery in real time [63]. The system uses sensors to measure
these parameters and sends the data to a microcontroller for processing [40]. The microcontroller acts as the brain of the
system and compares the measured values with predefined safe limits [42]. If the values are within the safe range, the
system continues normal operation [43]. However, if any abnormal condition is detected, such as high temperature or
overvoltage, the system immediately generates alerts [9]. It can also take automatic protective actions, such as stopping
the charging process or disconnecting the battery [22]. This helps in preventing damage and ensures user safety [28].0One
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of the main advantages of this system is that it provides real-time monitoring, which improves battery performance and
reliability [6]. Continuous monitoring helps in detecting faults at an early stage and reduces maintenance costs [54]. It
also increases the lifespan of the battery by maintaining proper operating conditions [52]. In addition, this system is
designed to be low-cost and simple, making it suitable for student-level projects and small-scale applications [7]. Unlike
complex commercial BMS systems, this design focuses on affordability and ease of implementation [27].

The system can also be enhanced using IoT technology, which allows remote monitoring of battery status [4]. Users can
access battery data through mobile applications or cloud platforms [61]. This makes the system more advanced and user-
friendly [60]. Another important feature is data logging, which helps in analyzing battery performance over time [62].
This can be useful for identifying patterns and predicting future failures [32]. Advanced techniques like machine learning
can also be used to improve fault detection accuracy [33]. Environmental factors such as temperature and usage
conditions also affect battery performance [13]. The system takes these factors into account and helps in maintaining safe
operating conditions [14]. Proper monitoring reduces energy wastage and improves overall system efficiency [55].

The system can be applied in various areas such as electric vehicles, solar energy storage, and industrial battery systems
[54]. It ensures safe operation and improves reliability in all these applications [64].In conclusion, the Battery Monitoring
and Detection System plays an important role in improving the safety, efficiency, and reliability of electric vehicles [21].
It provides a smart and cost-effective solution for monitoring battery health and preventing failures [30]. With future
advancements, this system can become more intelligent and widely used in modern EV technology [58].

II. PROBLEM STATEMENT

Traditional battery monitoring in electric vehicles (EVs) often depends on basic charging systems or manual checking
methods, which do not provide continuous real-time information about battery health. Due to this limitation, critical
problems such as overcharging, deep discharge, overheating, and cell imbalance are not detected at the right time. These
issues reduce battery life, increase maintenance costs, and can even lead to serious safety risks like thermal runaway and
fire hazards. In many small-scale or student-level EV projects, advanced battery management systems are not used
because they are expensive and complex, resulting in a lack of proper monitoring, protection, and fault detection. As a
result, batteries are often operated under unsafe conditions, which affects the reliability and performance of the entire
system.

Another major challenge is the absence of real-time monitoring and alert mechanisms. Users are not able to track battery
condition continuously, and without timely warnings, they may unknowingly operate the system in unsafe conditions.
Environmental factors such as high temperature and improper usage further affect battery performance and safety, but
these factors are often not considered in traditional systems. Additionally, many existing systems do not support data
logging or analysis, making it difficult to study battery behaviour and predict failures in advance. The lack of IoT
integration also limits remote monitoring capabilities, reducing user convenience and system efficiency. Furthermore,
energy efficiency is negatively impacted due to improper monitoring, leading to unnecessary energy loss. Existing
systems also lack scalability, flexibility, and user-friendly interfaces, making them difficult to use and upgrade. Safety
mechanisms in basic systems are mostly reactive rather than preventive, which increases the risk of sudden failures.
Considering all these limitations, there is a strong need to develop a smart, low-cost, and user-friendly battery monitoring
and detection system. Such a system should continuously monitor key parameters like voltage, current, temperature, and
state of charge (SOC), provide real-time alerts, and take automatic protective actions to ensure safe, efficient, and reliable
operation of electric vehicles.

III. LITERATURE SURVEY
Battery Management Systems (BMS) play an important role in ensuring the safety and performance of electric vehicle
batteries. Early research by Kutkut et al. focused on charge equalization techniques, which help in maintaining balance
among battery cells and improving overall battery life [2]. Later, Khaligh et al. discussed advanced energy storage
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systems combining batteries, ultracapacitors, and fuel cells, highlighting the need for efficient energy management in
EVs[3].

Hannan et al. provided a comprehensive review of lithium-ion battery management systems, emphasizing monitoring
methods, safety challenges, and energy optimization [6]. Similarly, Gabber et al. reviewed industrial standards and
development trends in BMS, showing the importance of reliable and standardized battery monitoring systems [10].
Thermal safety is another critical area in battery systems. Zhang analyzed thermal runaway prediction and early warning
methods, which are essential for preventing fire hazards in lithium-ion batteries [13]. Recent studies by Mastanamma et
al. introduced systems with charge monitoring and fire detection, improving safety through real-time alerts [9]. Advanced
technologies have also been applied in battery monitoring. Deng et al. proposed Al-based fire and smoke detection
systems, increasing the accuracy and speed of fault detection [16]. Kiruthiga et al. developed loT-based systems that
allow real-time monitoring and early warning of battery faults, making the system more intelligent and user-friendly [26].
In addition, open-source platforms like Open Energy Monitor provide practical resources for designing low-cost battery
monitoring systems [4]. Educational platforms such as All About Circuits explain the basic working of BMS, including
voltage sensing and protection mechanisms, which are useful for beginners [5]. Recent research also focuses on
improving battery efficiency and lifespan through advanced monitoring techniques [52]. Studies have shown that
continuous real-time data collection helps in identifying early signs of battery degradation [62]. The use of smart sensors
has improved the accuracy of parameter measurement in modern BMS systems [40].

Researchers have also explored predictive maintenance techniques to reduce unexpected battery failures [32]. Integration
of cloud-based platforms allows better data analysis and remote monitoring capabilities [61]. Machine learning
approaches are being used to predict faults and optimize battery performance [33]. Furthermore, international safety
standards like ISO and IEC emphasize the importance of reliable battery monitoring systems in EV applications [36],
[37]. Industrial developments also focus on compact and efficient BMS designs for real-world implementation [39].
These advancements highlight the growing importance of intelligent and cost-effective battery monitoring systems, which
support the development of safer and more efficient electric vehicles [58].

IV. PROJECT DESCRIPTION

This project aims to design a Battery Monitoring and Detection System that ensures the safe and efficient operation of
electric vehicle batteries. In electric vehicles, the battery plays a very important role, and any failure in the battery can
directly affect the performance and safety of the vehicle. To overcome this, the system continuously monitors key
parameters such as voltage, current, temperature, and state of charge (SOC). Sensors are used to collect real-time data,
and a microcontroller processes this data to check whether the battery is operating within safe limits. By doing this, the
system helps in maintaining proper battery conditions and improving overall performance. The system is also capable of
detecting abnormal situations like overheating, overcharging, or sudden voltage drops. When such conditions occur, it
immediately alerts the user through indicators or display systems. In critical situations, the system can take automatic
actions such as stopping the charging process or disconnecting the battery to prevent damage or fire hazards. This makes
the system very useful for enhancing safety and avoiding unexpected failures.

Another important feature of this project is its simplicity and cost-effectiveness. Unlike complex commercial battery
management systems, this design is suitable for student-level projects and small-scale EV applications. It is easy to
implement and does not require expensive components. The system can also be expanded by adding features like LCD
display, buzzer alerts, or mobile-based monitoring using IoT technology. Furthermore, this project helps in improving
battery life by ensuring proper charging and discharging cycles. It reduces unnecessary stress on the battery and prevents
conditions that can degrade battery health over time. By maintaining optimal battery performance, it also reduces
maintenance costs and increases the reliability of electric vehicles.
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V. OBJECTIVES OF SYSTEM
To continuously monitor battery parameters such as voltage, current, temperature, and state of charge (SOC).
To detect abnormal conditions like overcharging, deep discharge, and overheating at an early stage.
To provide real-time alerts to the user in case of unsafe battery conditions.
To implement automatic protection mechanisms to prevent battery damage and fire hazards.
To improve battery life by maintaining proper charging and discharging conditions.
To design a low-cost and simple system suitable for student-level and small-scale EV applications.
To ensure safe and reliable operation of electric vehicles through efficient battery management.
To allow future enhancements such as loT-based remote monitoring and data analysis.

VI. ADVANTAGES & APPLICATION

Advantages:

Keeps the battery safe by continuously checking its condition.

Increases battery life by preventing overcharging and overheating.

Helps users easily understand battery status in real time.

Gives quick alerts when any problem occurs.

Reduces chances of fire or serious damage.

Saves money by avoiding costly battery repairs or replacement.

Simple and affordable, suitable for student-level projects.

Low-cost and easy to implement compared to complex commercial BMS systems.
Reduces maintenance cost by identifying problems at an early stage.

Applications:

Electric Vehicles (EVs): Used in e-cars, e-bikes, and e-rickshaws to continuously monitor battery health and
ensure safe operation.

Charging Stations: Helps in monitoring batteries during charging to avoid overcharging and overheating.

Solar Energy Systems: Used to monitor battery storage in solar setups, improving efficiency and battery life.
UPS and Inverter Systems: Ensures safe usage of batteries by preventing deep discharge and overheating.
E-Scooters and Small EVs: Useful for low-cost electric vehicles to maintain safety and performance.

Industrial Battery Systems: Applied in industries where large batteries are used, ensuring continuous monitoring
and protection.

Smart [oT Systems: Can be connected to mobile or cloud systems for remote battery monitoring and alerts.
Research and Educational Projects: Helps students and researchers understand battery behavior and safety
mechanisms in practical applications.

VIL. RESULTS AND DISCUSSION

The implementation of the Battery Monitoring and Detection System showed successful results in monitoring battery
parameters and ensuring safety. By integrating sensors with a microcontroller, the system was able to continuously track
voltage, current, and temperature in real time. The hardware setup was stable and provided consistent readings during
testing. The use of proper signal conditioning and calibration helped in improving measurement accuracy. The display
unit provided a clear interface for users to easily understand battery status. Overall, the system proved to be reliable for
real-time battery monitoring in EV applications.

The system effectively detected abnormal conditions such as overheating and overcharging. When the temperature
crossed the safe limit, the system generated an alert immediately. Similarly, voltage variations were detected accurately,

helping in identifying overcharge and deep discharge conditions. These results show that the system can prevent battery
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damage and improve safety. The low-cost design also proved efficient, making it suitable for student-level and small-
scale EV implementations.

Temperature Accuracy: The temperature sensor provided stable and accurate readings, helping in detecting overheating
conditions quickly and reliably.

Voltage Monitoring: The system maintained accurate voltage measurements, allowing proper detection of overcharging
and deep discharge situations.

Current Detection: The current sensor successfully tracked charging and discharging current, ensuring better battery
usage control.

Wiring Efficiency: Proper circuit connections ensured stable communication between sensors and the microcontroller,
reducing noise and errors.

System Response: The system responded quickly to abnormal conditions by generating alerts without delay.

Signal Stability: With proper calibration, the sensors provided consistent output without fluctuations.

Cost Efficiency: The system achieved reliable performance using low-cost components, making it practical for real-
world applications.

Environmental Impact: External temperature conditions slightly affected readings, but proper sensor placement
improved accuracy

The discussion highlights that the system is effective in providing real-time monitoring and safety for EV batteries. The
results show that even a simple microcontroller-based design can handle important battery parameters efficiently.
However, for real-world applications, improvements like better enclosure, PCB design, and advanced algorithms can
enhance performance.

The system can also be upgraded with IoT features for remote monitoring and data analysis. Using a compact
microcontroller and optimized hardware design can improve portability and efficiency. Overall, the project demonstrates
a practical and scalable solution for battery monitoring and protection in electric vehicles.

VIII. WORKING OVERVIEW

Working Overview of IOT Battery monitoring and detection systems

The working of the Battery Monitoring and Detection System works by continuously checking the condition of the battery
using different sensors. These sensors are connected to the battery and measure important parameters such as voltage,
current, temperature, and state of charge (SOC). Each of these values gives information about how the battery is
performing. For example, voltage shows the charge level, current shows how fast the battery is charging or discharging,
and temperature indicates whether the battery is safe or overheating. All the data collected by the sensors is sent to a
microcontroller, which acts as the main control unit of the system. The microcontroller reads this data in real time and
compares it with predefined safe limits. If the values are within the safe range, the system continues normal monitoring.
This continuous checking helps in maintaining stable battery performance.

When the system detects any abnormal condition, such as high temperature, overcharging, or deep discharge, it
immediately reacts. It can generate alerts using a buzzer, LED indicators, or display messages to inform the user. In
critical situations, the system can also take automatic actions like stopping the charging process or disconnecting the
battery to prevent damage or fire hazards. The system may also include a display unit, such as an LCD, to show real-time
battery information in a simple and understandable format. This allows users to easily track battery status at any time. In
advanced versions, the system can store data for analysis or send it to mobile devices using IoT technology for remote
monitoring. Another important part of the system is proper wiring and signal handling. Sensors must be connected
correctly to ensure accurate readings. Calibration is also required so that the system provides reliable results. A stable
power supply ensures that the system works without interruptions.

The system can also include safety thresholds that are predefined based on battery specifications. It continuously
compares real-time values with these limits to ensure safe operation. Data filtering techniques can be used to remove
noise and improve accuracy of sensor readings. The system is designed to operate with low power consumption so that

Copyright to IJARSCT 93

www.ijarsct.co.in

DOI: 10.48175/IJARSCT-33713

/7 1ssN )
| 2581-9429 |2




( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology \
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 12, April 2026 Impact Factor: 8.2

it does not affect overall battery efficiency. It can also support multiple battery cells by monitoring each cell individually
for better balance. The modular design allows easy upgrading of components without changing the entire system. This
makes the system flexible, scalable, and suitable for future advancements in electric vehicle technology.

IX. CONCLUSION
This project successfully developed a Battery Monitoring and Detection System for electric vehicles that ensures safe
and efficient battery operation. The system continuously monitors important parameters such as voltage, current,
temperature, and state of charge, which helps in understanding the real-time condition of the battery. It effectively detects
abnormal conditions like overcharging, deep discharge, and overheating, and provides timely alerts to prevent damage
and safety hazards. The system also helps in improving battery life by maintaining proper operating conditions and
reducing stress on the battery. One of the key advantages of this project is its simplicity and cost-effectiveness, making
it suitable for student-level projects as well as small-scale EV applications. It reduces maintenance costs by identifying
problems at an early stage and avoids expensive battery failures.
The project demonstrates that even a basic microcontroller-based system can provide reliable monitoring and protection
features. It improves the safety, reliability, and performance of electric vehicles while also supporting energy efficiency
and environmental sustainability. The system is flexible and can be further enhanced with advanced features such as loT-
based remote monitoring, data analysis, and predictive maintenance. With future improvements like compact PCB design
and advanced sensors, the system can be used in real-world applications. Overall, this project provides a practical,
affordable, and effective solution for battery monitoring, making electric vehicles safer, smarter, and more reliable for
everyday use.
Bottom of Form

X. FUTURE SCOPE

In the future, this system can be improved by adding IoT-based remote monitoring, allowing users to check battery status
through mobile applications from anywhere. Advanced sensors can be used to increase accuracy and detect faults more
precisely. The system can also include artificial intelligence or machine learning techniques to predict battery failures
before they occur.

The design can be upgraded from a breadboard setup to a compact PCB, making it more reliable and suitable for real-
world applications. Integration with cloud storage can help in data analysis and performance tracking over time. The
system can also be extended to support multiple battery cells with proper balancing techniques.Additionally, features like
GPS tracking and smart alerts can be added for better user experience. The system can be integrated into commercial
EVs and charging stations for large-scale use. Overall, the project has strong potential to evolve into a smart, automated,
and industry-level battery management solution.
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