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Abstract— Smart Battery Monitor with Driver
Assistance System is an Internet of Things enabled
embedded system designed to enhance safety,
efficiency, and reliability. The designed system
utilizes an ESP32 microcontroller along with a
number of sensors to continuously monitor the vital
parameters of the battery as well as of the driving
environment. Such sensors include voltage and
current sensors to monitor the status of the battery,
temperature, gas leak detectors, and vibration sensors
to detect any potential risk such as overheating, gas
leak, and any collision while driving. Information
gathered through these sensors can be viewed using
[12C LCD and a web-based interface that provides
wireless ~ communication. The  system  also
incorporates smart safety measures when any
abnormality is detected in the system. For instance, in
case of overheating and gas leak, the system
automatically activates the cooling fans through relay
mechanism and also stops the power supplied to the
engine during important stages to protect the system
from any potential damage. Moreover, in case of
insufficient battery, the system slows down the
driving speed of the vehicle.

Keywords— ESP32, IoT, Smart Battery Monitoring,
Driver Assistance System, Battery Safety, Real-Time
Monitoring, Voltage Sensor, Current Sensor,
Temperature Sensor, Smoke Detection, Vibration
Sensor,

© 2026, IJSREM | https://ijsrem.com

I. INTRODUCTION

D BMS @’

Battery
Pack Motor

Fig. 1. Battery management system

Electric Vehicles (EVs) are becoming increasingly
popular in the transportation industry due to their eco-
friendly operation, better energy efficiency, and
reduced dependence on fossil fuels. Unlike
conventional vehicles that use internal combustion
engines, EVs run on electric motors powered by
rechargeable  batteries.  Rising  environmental
pollution, increasing fuel costs, and the growing
demand to reduce carbon emissions have encouraged
rapid advancements in electric vehicle technology
across the world.

In electric vehicles, the battery system is one of the
most important components because it supplies the
energy required for vehicle operation. The overall
performance, driving range, efficiency, and reliability
of an EV mainly depend on the condition of the
battery. However, batteries are sensitive to issues
such as overcharging, deep discharging, excessive
current flow, and temperature fluctuations. If these
factors are not monitored properly, they can reduce
battery life, affect performance, and even create
safety hazards like overheating and thermal runaway.
Therefore, proper battery monitoring and protection
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are essential for the safe and efficient functioning of
electric vehicles.

To overcome these challenges, modern EVs use
Battery Management Systems (BMS) to continuously
monitor important battery parameters including
voltage, current, temperature, and charging status.
These systems help in maintaining battery balance,
improving safety, and extending battery lifespan. In
addition to battery management, many advanced
driver assistance features are also integrated into EVs
to improve vehicle performance and user safety.
Features such as intelligent speed control, warning
alerts, safety notifications, and energy management
help reduce battery stress and provide a better driving
experience.

The proposed Smart Battery Monitor with Driver
Assistance System is developed as an intelligent and
cost-effective embedded solution to meet these
requirements.  The ESP32
microcontroller along with multiple sensors to
monitor important battery and vehicle conditions.
Sensors for voltage, current, temperature, smoke, and
vibration continuously collect real-time data from the
vehicle. This data is processed by the controller to

system uses an

identify abnormal conditions and activate protective
measures whenever required.

One of the major advantages of the system is its real-
time monitoring capability through both an LCD
display and a wireless web dashboard. This enables
the driver to easily observe battery status and receive
instant alerts during unsafe conditions. To further
improve safety, the system also includes automatic
protection features such as relay-based motor cutoff
and cooling fan control to avoid overheating and
protect the battery from damage.

II. LITERATURE SURVEY

The rapid growth of electric vehicles has increased
research activities in areas such as battery
management, energy efficiency, vehicle safety, and
intelligent monitoring technologies. Since the battery
serves as the main power source in an EV,
maintaining its health and safety is very important for
reliable vehicle operation. Many researchers have
worked on systems that continuously monitor key
battery parameters like voltage, current, temperature,
and charging status. Recent studies also focus on
integrating protection circuits, thermal management

methods, and automated safety features to improve
battery life and prevent system failures.

Prof. Arati Jaibhai, Vishal Hanamghar, Naresh Pawar,
and Sachin Maske [1] developed a battery
management and fire protection system for electric
vehicles using a PIC microcontroller. Their system
monitored battery voltage, current, and temperature to
improve charging safety and overall battery
performance. Relay circuits, LCD displays, and
buzzer alerts were used to identify abnormal
operating conditions. The system also supported
automatic switching between fast and slow charging
modes to enhance charging efficiency. However, the
work mainly focused on battery safety and did not
include wireless monitoring or driver assistance
features.

Alok Kumar Verma, Akash Singh, Manish Kumar,
Priyanka Tiwari, Raman Sharma, and Praval Sharma
[2] proposed a real-time battery monitoring system
capable of measuring voltage, current, temperature,
humidity, and battery charge condition. Their model
included cooling fans, flame sensors, display units,
and relay-based protection circuits to improve system
safety. The study provided better thermal
management and fire prevention during charging and
discharging processes. However, the inclusion of
multiple sensors increased the overall complexity and
power consumption of the system.

Pruthvi Sindogi, Chinta Raj Kumar, Varun, Rakshith,
Rohith Purasthu, and Sucheta Roy [3] discussed the
future scope and environmental benefits of electric
vehicles. Their paper explained how EVs can help
reduce greenhouse gas emissions, fuel dependency,
and maintenance costs while improving energy
efficiency. The authors also highlighted challenges
such as expensive batteries, limited charging
infrastructure, and recycling difficulties. However,
the study mainly focused on theoretical concepts and
did not present any practical battery monitoring or
protection system.

Chaitanya Pandya and Angel Agrawal [4] presented a
detailed review of electric vehicle technologies,
charging systems, battery types, and vehicle
efficiency. Their work explained different categories
of EVs, including Battery Electric Vehicles, Hybrid
Electric Vehicles, Plug-in Hybrid Electric Vehicles,
and Fuel Cell Electric Vehicles. Various charging
methods and Dbattery technologies were also
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discussed. Although the paper provided a broad
overview of EV technology, it did not include
intelligent monitoring systems or embedded safety
mechanisms.

Hossam A. Gabbar, Ahmed M. Othman, and
Muhammad R. Abdussami [5] reviewed the
development of Battery Management Systems and
industrial safety standards used in electric vehicle
applications. Their research explained different BMS
architectures, cooling methods,
techniques, and fault detection systems designed for
battery protection. The study emphasized the
importance of industrial safety standards for reliable
battery operation. However, the work mainly focused
on safety guidelines and frameworks rather than
practical loT-based implementations.

communication

Binsy Joseph and Deepak Vishnu Bhoir [6]
performed simulation-based analysis of electric
vehicle performance using Matlab and ADVISOR
software. Their work studied factors such as battery
energy consumption, driving range, acceleration, and
overall vehicle efficiency under different conditions.
The research highlighted the importance of energy
management and proper battery sizing for improving
EV performance. However, the study was mainly
simulation-oriented and did not involve real-time
hardware monitoring or embedded control techniques.

Krishnaji Deshapande, Ritesh Killekar, Mahesh V
Jadhav, Girish P Kadakol, and Ganesh Ravaloji [7]
developed an electric vehicle equipped with an
Advanced Driver Assistance System. Their system
used radar sensors, ultrasonic sensors, and cameras to
provide features such as collision detection, lane
monitoring, and adaptive cruise control. The proposed
approach improved driving safety and vehicle
automation. However, the study mainly focused on
driver assistance and did not address battery
monitoring or battery protection techniques.

Pau Mufioz-Benavent, Leopoldo Armesto, Vicent
Girbés, J. Ernesto Solanes, Juan Dols, Adolfo Mufoz,
and Josep Tornero [8] proposed an Advanced Driving
Assistance System for a neighbourhood electric
vehicle using embedded controllers and distributed
architecture. The system provided visual, audio, and
haptic feedback to assist the driver during vehicle
operation. Their research improved intelligent vehicle
control and environmental awareness through sensor
integration and real-time monitoring. However, the

work did not include battery health monitoring,
wireless battery management, or embedded battery
protection features.

III. TAXONOMY

The reviewed research papers on electric vehicles can
be classified into different categories based on their
objectives, technologies used, and application areas.
The major categories identified from the literature are
Battery Monitoring and Safety Systems, Electric
Vehicle Development Studies, Battery Management
Analysis and Simulation, and Advanced Driver
Assistance Systems. This classification helps in
understanding the contribution of various researchers
toward EV  performance, safety,
automation, and intelligent control systems.

improving

The first category is Battery Monitoring and Safety
Systems. Research in this area mainly focuses on
monitoring battery condition and protecting the
battery from unsafe operating situations. Prof. Arati
Jaibhai, Vishal Hanamghar, Naresh Pawar, and
Sachin Maske [1] developed a battery management
system that monitored important parameters such as
voltage, current, and temperature
microcontroller-based platform. Their model included
relay switching, buzzer alerts, and display modules to

using a

improve charging safety and reduce overheating

problems.
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Fig. 2. Taxonomy of EV Battery management system
with driver assistance system

Similarly, Alok Kumar Verma, Akash Singh, Manish
Kumar, Priyanka Tiwari, Raman Sharma, and Praval
Sharma [2] improved the monitoring system by
adding humidity sensors, flame sensors, cooling fans,
and relay-based protection circuits. Their work
mainly concentrated on improving thermal safety,
charging protection, and battery reliability in electric
vehicles.
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The second category includes studies related to
Electric ~ Vehicle  Technology and  Future
Development. These papers mainly discuss the
growth, benefits, and operational concepts of electric
vehicles. Pruthvi Sindogi, Chinta Raj Kumar, Varun,
Rakshith, Rohith Purasthu, and Sucheta Roy [3]
explained the environmental advantages of EVs and
their role in reducing pollution and dependence on
fossil fuels. The authors also highlighted challenges
such as limited charging infrastructure and battery
recycling difficulties.

In another study, Chaitanya Pandya and Angel
Agrawal [4] presented a detailed overview of
different EV technologies including Battery Electric
Vehicles (BEV), Hybrid Electric Vehicles (HEV),
Plug-in Hybrid Electric Vehicles (PHEV), and Fuel
Cell Electric Vehicles (FCEV). Their work discussed
charging techniques, battery technologies, vehicle
efficiency, and overall EV performance. These
studies mainly provided theoretical and conceptual
understanding of electric mobility systems.

The third category is Battery Management Analysis
and Simulation Studies. Hossam A. Gabbar, Ahmed
M. Othman, and Muhammad R. Abdussami [5]
studied different Battery Management System
architectures, industrial safety standards,
communication methods, and protection strategies
used in EV applications. Their research focused on
fault detection, thermal management, and safe battery

operation based on industrial regulations.

Similarly, Binsy Joseph and Deepak Vishnu Bhoir [6]
carried out software-based simulation analysis of
electric wvehicle performance using Matlab and
ADVISOR tools. Their study evaluated factors such
as energy consumption, driving range, acceleration,
and battery efficiency under different operating
conditions. These works mainly contributed to
performance analysis, energy optimization, and safety
evaluation.

The fourth category includes Advanced Driver
Assistance Systems integrated with electric vehicles.
Krishnaji Deshapande, Ritesh Killekar, Mahesh V
Jadhav, Girish P Kadakol, and Ganesh Ravaloji [7]
developed an intelligent driver assistance system for
electric vehicles using radar sensors, cameras, and
ultrasonic modules. Their system provided features
such as collision warning, lane monitoring, and
adaptive cruise control to improve driving safety.

In another work, Pau Muifioz-Benavent, Leopoldo
Armesto, Vicent Girbés, J. Ernesto Solanes, Juan
Dols, Adolfo Muiioz, and Josep Tornero [8] proposed
an embedded ADAS platform that provided visual,
audio, and haptic feedback to assist drivers during
vehicle operation. Their research improved
environmental sensing and intelligent vehicle

guidance through real-time sensor processing.

From the above classification, it is clear that most
existing research works mainly focus on separate
areas such as battery monitoring, EV analysis, or
driver assistance systems individually. Only a few
studies combine battery monitoring,
communication, intelligent protection, and driver
assistance into a single integrated platform. This
creates the need for developing an integrated Smart
Battery Monitor with Driver Assistance System using
ESP32, IoT communication, and real-time sensor
monitoring to improve electric vehicle safety,

wireless

efficiency, and reliability.
IV. COMPARATIVE ANALYSIS

The reviewed research papers mainly focus on
different areas of electric vehicle technology,
including battery monitoring, thermal protection, EV
development concepts, simulation analysis, and
advanced driver assistance systems. Papers [1] and
[2] primarily focused on Battery Management
Systems for monitoring important battery parameters
such as voltage, current, temperature, and charging
status. These studies improved battery safety by
implementing relay protection circuits, cooling
systems, and fire detection mechanisms. However,
their systems did not include advanced loT-based
communication or integrated driver assistance
features.

Papers [3] and [4] mainly discussed the concepts,
advantages, charging technologies, and future
development of electric vehicles. These studies
provided a strong theoretical understanding of EV
technology, environmental benefits, and existing
challenges. However, they did not include practical
hardware implementation or real-time monitoring
techniques.

Papers [5] and [6] focused on Battery Management
System standards, safety analysis, and simulation-
based performance evaluation. Their research
improved knowledge related to Dbattery safety
regulations, energy management methods, and EV
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efficiency analysis. Although these studies provided
valuable analytical and simulation results, practical
embedded implementation was limited.

Papers [7] and [8] mainly concentrated on Advanced
Driver  Assistance  Systems (ADAS)  using
technologies such as sensors, radar modules, cameras,
and automation systems to improve vehicle safety and
driving support. These works enhanced intelligent
vehicle control and environmental monitoring
capabilities. However, they did not address battery
health monitoring or battery protection mechanisms.

From the comparative analysis, it can be observed
that most existing studies focus either on battery
monitoring or driver assistance systems separately.
Very few works combine battery monitoring, [oT
communication, protection features, and intelligent
driver assistance into a single embedded platform.
Therefore, there is a strong need for an integrated
Smart Battery Monitor with Driver Assistance System
using a low-cost controller like ESP32 to improve
vehicle safety, battery performance, and overall
operational reliability.

TABLE I

COMPARATIVE ANALYSIS OF
METHODOLOGIES USED FOR GRID STABILITY

[6] EV Performance | No real-time
Simulation | evaluation hardware
[7] ADAS Driving No battery
System safety monitoring
features
[8] Embedded | Intelligent No battery
ADAS automation protection

V. CHALLENGES

The reviewed research papers identify several
important challenges related to electric vehicle battery
management, monitoring systems, and driver
assistance technologies. One of the major issues
discussed in Papers [1] and [2] is the difficulty in
achieving accurate real-time monitoring of battery
parameters such as voltage, current, temperature, and
State of Charge (SoC). Errors in sensor readings or
improper calibration can reduce monitoring accuracy
and affect system reliability during charging and
discharging processes.

Thermal safety is another critical challenge
highlighted in battery-related studies. Papers [1], [2],
and [5] explain that excessive heat generation inside
battery packs can lead to overheating, thermal
instability, and even fire hazards. Although cooling
systems and relay-based protection mechanisms help
stable
temperature under different load conditions remains
difficult, especially in compact electric vehicles

improve safety, maintaining a battery

where space for thermal management is limited.

Papers [3] and [4] discuss challenges associated with
the adoption and development of electric vehicles.
Limited availability of charging stations, long
charging times, and the high cost of battery
replacement continue to slow down large-scale EV
implementation. In addition, battery recycling and
disposal create environmental and operational
concerns because damaged or expired Dbatteries
require proper handling and safe recycling methods.

The studies presented in Papers [5] and [6] also show
that efficient energy management and accurate
prediction of battery performance are still challenging
tasks. Simulation tools can estimate factors such as
driving range and energy consumption, but actual
vehicle conditions vary depending on traffic, road

Pape | Main Focus | Advantages Limitations
r No.

[1] Battery Charging No IoT
Monitoring | control, fire | support
protection

[2] Smart BMS | Multi-sensor | High
Safety protection hardware
complexity
[3] Future  of | Environment | No practical
EVs al benefits implementatio
n
4] EV Charging & | No monitoring
Technologie | EV study system
S
[5] BMS Safety No embedded
Standards analysis implementatio
n
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conditions, battery aging, and environmental changes.
Because of these variations, achieving precise real-
time battery performance analysis becomes difficult
in practical applications.

Papers [7] and [8] explain several challenges related
to Advanced Driver Assistance Systems (ADAS).
Processing data from cameras, radar sensors,
ultrasonic sensors, and embedded controllers in real
time requires high-speed computation and reliable
communication  between  different = modules.
Environmental conditions such as rain, dust,
vibration, and poor visibility can reduce sensor
accuracy and affect the overall reliability of the
system.

Another important challenge observed from the
reviewed studies is system integration. Most existing
works focus either on battery monitoring or driver
assistance systems separately. Integrating battery
protection, wireless monitoring, thermal safety, and
intelligent driver assistance into a single low-cost
embedded platform increases both hardware and
software complexity. Proper coordination between
sensors, controllers, communication modules, and
protection systems is necessary for smooth and
reliable operation.

Power consumption is also a significant concern in
smart monitoring systems. Continuous operation of
sensors,  displays, cooling  fans,  wireless
communication units, and safety circuits increases
battery energy consumption. Therefore, designing a
monitoring system that provides high performance
while consuming minimum power remains a major

challenge in EV applications.

Finally, IoT-based communication and remote
monitoring introduce additional challenges related to
network stability and cybersecurity. Real-time
wireless monitoring depends on secure and
uninterrupted data transmission. Any network failure
or unauthorized access may affect system operation
and vehicle safety. As a result, developing secure,
reliable, and energy-efficient smart battery
monitoring systems continues to be an important
research area in modern electric vehicle technology.

VI. CONCLUSION

The reviewed research papers indicate that Battery
Management Systems and intelligent driver assistance
technologies are essential for improving the safety,

efficiency, and reliability of electric vehicles. Papers
[1] and [2] showed that continuous monitoring of
important battery parameters such as voltage, current,
temperature, and charging status can help reduce
overheating risks and improve battery protection.
These studies used relay control systems, cooling
mechanisms, and warning alerts to enhance battery
safety and overall system reliability.

Papers [3] and [4] highlighted the increasing
importance of electric vehicles in reducing
environmental pollution, dependence on fossil fuels,
and vehicle operating costs. The studies also
discussed major challenges in EV technology,
including limited charging infrastructure, battery
efficiency issues, and charging time limitations.

The research presented in Papers [5] and [6]
emphasized the role of battery safety standards,
thermal management, energy optimization, and
performance analysis in improving EV reliability and
operational efficiency. Their studies showed that
proper battery monitoring and thermal protection are
important for extending battery life, improving
driving range, and maintaining stable vehicle
performance.

Papers [7] and [8] explained how Advanced Driver
Assistance Systems (ADAS) improve vehicle safety
through intelligent monitoring, collision detection,
automated driving support, and environmental
sensing using sensors and embedded control systems.
These technologies help enhance driver safety and
overall vehicle control during operation.

From the literature review and comparative analysis,
it is clear that most existing research mainly focuses
either on battery monitoring systems or driver
assistance systems individually. Only limited work
has been carried out on integrating battery protection,
IoT communication, wireless monitoring, and
intelligent driver assistance into a single embedded
platform. Therefore, the proposed Smart Battery
Monitor with Driver Assistance System using ESP32
offers a cost-effective and efficient solution by
combining battery monitoring, safety protection, real-
time wireless communication, and intelligent energy
management within one integrated system for future
electric vehicle applications.
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