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Abstract — The most crucial part of an Electric Vehicle
(EV) is the battery, and maintaining it perfectly is essential
for ensuring proper operation. Lithium-ion batteries,
commonly used in EVs, require effective monitoring to
function optimally in all conditions. This project focuses on
optimizing the performance and safety of EV batteries
through the implementation of a Smart EV Battery
Switching System. The system integrates Lithium-ion
batteries with external temperature sensors, enabling
precise  monitoring of temperature variations. A
microcontroller manages battery switching based on
temperature and charge status, utilizing a relay mechanism
for seamless power diversion between batteries. An loT
module facilitates real-time internet connectivity, enabling
data exchange and enhancing system efficiency. The system
includes an automatic charging mechanism that halts
charging when a battery reaches full capacity, thereby
preventing overcharging. Data from the EV Battery
Switching System is processed on a dedicated cloud
platform, where implemented rules trigger alerts for critical
events such as high temperatures or fully charged batteries.
Users receive prompt notifications via push notifications,
ensuring timely intervention. If a battery's temperature
exceeds a predefined threshold, the system intelligently
switches to another battery with a lower temperature, and a
cooling system manages the temperature, ensuring
continuous and safe EV operation.
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1. INTRODUCTION

The transition to electric vehicles (EVs) has led to
significant advancements in automotive technology, with
the core of these eco-friendly machines being their
batteries. Lithium-ion batteries, known for their energy
density and efficiency, are the preferred choice for
powering EVs. However, to ensure optimal operation,
effective monitoring systems are crucial. This paper,
"Smart EV Battery Switching with Dynamic Temperature
Control and IoT Alerts," explores the sophisticated
management of EV batteries, focusing on monitoring
battery temperature and dynamically switching between
batteries based on temperature and charge status. This

intelligent system aims to enhance the efficiency and
longevity of lithium-ion batteries in electric vehicles.

Rising incidents of EV fires due to overheating,
overcharging, and inadequate monitoring highlight the
need for advanced solutions. Our project addresses these
challenges by implementing Smart EV Battery Switching
with Dynamic Temperature Control and IoT Alerts,
optimizing EV battery performance and safety. Electric
vehicles depend on lithium-ion batteries for propulsion,
and their performance is greatly influenced by
temperature and charge levels. While efficient, these
batteries can face issues under extreme temperatures or
when operated at full charge for extended periods.

To address this, we propose a system that not only
monitors battery health but also actively manages it. By
integrating external temperature sensors to each battery,
real-time tracking of temperature variations is achieved.
This data underpins our dynamic switching mechanism,
ensuring batteries operate within optimal temperature
ranges. Continuous monitoring through temperature
sensors allows the system to make informed decisions,
switching to a cooler battery if necessary, thereby
preventing overheating and ensuring battery longevity.

The project's scope extends to a cloud-based platform
where data from the EV Battery Switching System is
processed and analyzed. Implemented rules trigger alerts
for high temperatures or fully charged batteries, with push
notifications providing real-time information for timely
intervention. This intelligent ecosystem goes beyond mere
monitoring by actively managing EV batteries through
dynamic switching, temperature control, and IoT-based
alerts. Our goal is to enhance the reliability, longevity, and
overall performance of EV batteries, contributing to the
efficient and sustainable operation of electric vehicles in
the evolving landscape of electric mobility.

2. SYSTEM WORKFLOW

When an electric vehicle (EV) starts moving, its battery
monitoring system becomes active, checking the battery's
temperature and charge level. If these parameters are
within acceptable ranges, the system continues to monitor
for any significant issues. If the battery overheats, the
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system takes action to cool it down and ensure safety,
which may involve activating a cooling system, shifting
power between batteries, and sending alerts to notify
about the issue. During charging, the system halts the
process once the battery is fully charged to prevent
overcharging and associated risks. Throughout these
processes, continuous alerts are sent to keep users
informed. When the battery returns to a normal, healthy
state, the monitoring process recommences, ensuring
smooth operation.
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Chart -1: System Flowchart

Beyond monitoring temperature and charge levels, the
system tracks other critical parameters essential for
optimal EV performance. This includes assessing power
consumption and charging efficiency to ensure energy is
used effectively and to minimize charging times.
Environmental conditions such as temperature, humidity,
and altitude are also considered, as they can impact battery
performance and overall vehicle efficiency. Additionally,
the system provides predictive maintenance by analyzing
data trends to anticipate potential issues and recommend
proactive maintenance actions. User preferences and
settings, such as preferred charging times and temperature
comfort levels, are integrated to personalize the driving
experience and optimize battery usage. By accounting for
these factors, the battery monitoring system offers a
comprehensive overview of the EV's performance and
condition, empowering users to make informed decisions
and maximize both efficiency and longevity.

3. SYSTEM ARCHITECTURE

The heart of the system lies in the Microcontroller, the
central processing unit that receives real-time
temperature data from the sensors. Armed with
predefined algorithms, the Microcontroller makes
intelligent decisions. The system architecture for the
smart EV battery monitoring and management system
with dynamic temperature control and IoT connectivity
consists of several interconnected layers, each serving a
specific function:

Sensor Layer: This layer comprises various sensors such
as temperature and humidity sensors, responsible for

gathering real-time data about the EV battery's
parameters.
Control Layer: The control layer involves a

microcontroller (ESP8266) that receives data from
sensors, processes it, and controls system actuators. It
implements algorithms for dynamic temperature control
and manages system operations.

Actuator Layer: Components in this layer, including the
cooling system and relays or switches, take action based
on processed data and control signals from the
microcontroller.

Communication Layer: The Blynk IoT platform serves as
the communication gateway, allowing remote monitoring
and control via the Blynk mobile app or web dashboard.

User Interface Layer: The user interface layer enables
interaction between the system and users through the
Blynk mobile app and web dashboard. Users can visualize
real-time data, receive alerts, and adjust settings remotely.

Cloud Services Layer: The system integrates with cloud-
based services for data storage, analytics, and additional
functionality. The Blynk IoT platform provides cloud-
based services for data logging, notifications, and remote
access, enhancing system functionality and usability.

Fig -1: Circuit of the System
4.10T BASED MAINTENANCE

4.1 Blynk 10T: The Smart EV Battery Switching System,
integrated with the Blynk IoT application, provides a
comprehensive suite of features designed to enhance user
experience and ensure optimal performance. This system
enables remote monitoring of critical parameters such as
temperature, humidity, and battery status globally. When
temperature levels exceed safety thresholds, the system
initiates data recording, complemented by a timeline
feature that tracks the operational history of the EV.
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Both the web and mobile applications offer real-time
access to data on temperature, humidity levels, and
battery status through intuitive gauges and indicators. A
secondary battery status indicator further enhances
monitoring capabilities. Users can customize threshold
values for parameters, enabling precise control over alerts
and system actions. The user-friendly interfaces of both
applications simplify interaction, ensuring seamless access
to vital information and adjustment of settings.

In addition to monitoring features, the system includes a
timeline accessible on both platforms. This timeline
displays the system's online or offline status in real-time,
reflecting activation ("online") and deactivation ("offline")
events. It provides valuable insights into usage patterns
and operational history, enriching the functionality of the
applications by offering a comprehensive view of system
activity.
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Fig -2: Timeline at Mobile Version
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Safety measures are integral to the system, encompassing
alerts for critical events and guidelines for maintenance
and support, ensuring reliable and secure operation. The
Smart EV Battery Switching System, with its robust
integration of IoT technology and user-centric design,
represents a significant advancement in EV battery
management, enhancing both efficiency and user
convenience in electric mobility.

4.2: 10T Based Alert System

During normal driving conditions, when temperatures
remain within safe ranges and all systems operate
correctly, data is displayed on both the EV's dashboard
and the dedicated mobile application. However, if
temperatures exceed safe limits, an [oT alert is swiftly sent
to the user. Simultaneously, the EV's display shows a
warning message like "High Temp! Drive Carefully” to
alert the driver. To address the issue, the system
automatically switches power to the secondary battery,
ensuring continuous operation while managing the
elevated temperature. This proactive response enhances
safety and reliability, providing real-time feedback to
empower informed decision-making.

In response to high temperatures, the system activates
automatic cooling mechanisms, swiftly mitigating
potential risks and safeguarding battery integrity. Users
receive timely notifications via both the EV's display and
the mobile application, ensuring they are promptly
informed of any temperature-related concerns. This
seamless communication enables quick decision-making
to address issues as they arise. The inclusion of a
secondary battery not only offers backup power but also
acts as a fail-safe measure, guaranteeing uninterrupted
operation even under adverse conditions.
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With customizable temperature thresholds, users can
tailor the system to meet their specific preferences and
operational needs. Moreover, the system logs historical
temperature data, allowing users to analyze past trends,
identify patterns, and make informed adjustments for
optimal performance and longevity. By seamlessly
integrating with the EV's onboard systems, this
temperature management solution enhances overall
efficiency, safety, and reliability, ensuring a smooth and
worry-free driving experience for EV owners.
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Fig -6: Ul of Mobile and EV at High Temperature

4.3 System Temperature Control

Temperature control plays a pivotal role in managing an
electric vehicle's (EV) battery health and safety. Here's
how our system ensures precise temperature control

A. Accuracy: Ensuring accurate temperature monitoring
and control is crucial for optimizing battery functionality
and safety. Even slight temperature fluctuations can
significantly impact performance and longevity. Our
system utilizes advanced sensors and algorithms to
continuously monitor the battery's temperature with high
precision. By maintaining precise control over
temperature levels, we ensure the battery operates within
its optimal range, maximizing performance and safety.

B. Adaptability: Our system is designed to adapt to
various environmental conditions and usage patterns
encountered during EV operation. Factors like ambient
temperature, driving conditions, and charging habits
influence battery temperature. To address this, our system
dynamically adjusts its temperature management
strategies. Whether facing a scorching summer day or a
cold winter night, our system remains vigilant, ensuring
effective temperature control under all circumstances.

C. Efficiency: Efficiency is paramount for the practicality
and effectiveness of our temperature control system. We
prioritize the efficient utilization of computational
resources and energy to minimize waste and optimize
performance. Smart algorithms and energy-efficient
components enable our system to operate with maximum
efficiency, reducing energy consumption, prolonging
battery life, and enhancing overall reliability.

D. Thermostatically Controlled Loads: Incorporating
thermostatically controlled loads further enhances
temperature management and battery performance. These
loads adjust their power consumption based on the
battery's temperature conditions.

E. Smart Power Management: Thermostatically
controlled loads are integral components within the EV's
electrical system that automatically optimize power
consumption based on battery temperature. This
intelligent power management ensures that the EV's
energy usage is calibrated to maintain the battery's
temperature within the desired range, further enhancing
efficiency and reliability.

5. SMART BATTERY SWITCHING

The smart battery switching feature for electric vehicles
(EVs) represents a significant advancement in battery
management technology, offering a range of benefits
designed to enhance operational efficiency and user
experience. At its core, this system integrates two
removable batteries, allowing EV owners to seamlessly
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swap between them. This capability not only extends the
vehicle's driving range but also eliminates the need for
prolonged charging stops, making it ideal for both daily
commutes and long-distance travel. Whether navigating
urban streets or embarking on cross-country journeys, the
ability to quickly exchange batteries ensures EVs remain
adaptable and responsive to varying driving conditions.

Safety is paramount in the design of the smart battery
switching system, with proactive measures implemented
to mitigate potential risks. The distribution of workload
across two batteries reduces strain on individual cells,
thereby lowering the likelihood of overheating and
prolonging Dbattery lifespan. Additionally, automatic
switching prevents unexpected power depletion, ensuring
EVs remain operational under all circumstances. These
safety features not only enhance reliability but also in still
confidence in users, reinforcing the system's capability to
deliver dependable performance over extended periods of
use.

Efficiency is another key advantage offered by this system,
focusing on optimizing energy usage and maximizing
driving range. By intelligently managing battery resources
and minimizing energy wastage during transitions, the
system contributes to cost savings and promotes
sustainability in electric mobility. Enhanced performance
metrics, including faster switching times and reduced
energy losses, further underscore its efficiency in
maintaining peak operational conditions.

6. DYNAMIC IMPLEMENTATION

The Smart Ev Battery Switching With Dynamic
Temperature Control And IoT Alerts introduces a versatile
prototype system designed for real-time management of
electric vehicle (EV)parameters. While the prototype's
specifications may differ from actual EV configurations, its
inherent adaptability allows seamless adjustments to meet
specific requirements. This flexibility enables precise
customization to synchronize with varying Battery
Capacity, Temperature, and Voltage profiles inherent in
different EV models. Utilizing a modular architecture, the
system ensures smooth integration and regulation of
distinct attributes across diverse EV configurations. The

comparison table below illustrates the differences
between prototype parameters and actual EV
specifications.

Parameter Prototype Value Actual Value

Battery Voltage 37 (Volts) 300 - 400 (Volts)

Battery Temperature 35°C 35°C
Charging Voltage

5vDC 200 - 800 (Volts)

Charging Time 1.5 hours 2-5hours

Table -1: System Prototype Vs Actual Parameters

Fig -7: System Integrated with Prototype EV

Practically, the system's real-time monitoring capabilities
empower EV operators to gain valuable insights into
vehicle performance and health. Instant access to critical
metrics such as Battery Capacity, Temperature, and
Voltage profiles enables informed decision-making on
charging schedules, maintenance intervals, and
operational efficiency. The system's adaptability ensures
compatibility with a wide range of EV models, spanning
from compact urban commuters to long-range electric
SUVs, addressing diverse mobility needs effectively.

Fig -8: Side View and Front View of the System

7. PROGRAMMING FOR THE SYSTEM

To program a NodeMCU using .ino files written in C++ via
the Arduino IDE, start by connecting the NodeMCU to your
computer to establish a connection. Install the Arduino
IDE and the ESP8266 board packages, then select the
appropriate NodeMCU board variant in the IDE settings.
Write your code in a new sketch using C++ with Arduino-
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specific functions and include any necessary libraries like
Blynk. Compile the code to check for syntax errors, and
upon successful compilation, upload it to the NodeMCU via
USB. Use the serial monitor in the Arduino IDE to
troubleshoot and refine the code until it functions
correctly.

Once validated, deploy the NodeMCU in its intended
environment for operational use, ensuring your project is
programmed and tested effectively. Git Repo Link Here:
https://github.com/SatkuriSaikiran/Smart-EV-Battery-

Switching-with-Dynamic-Temperature-Control-and-IoT-
Alerts

8. FUNCTIONAL ADVANTAGE

The project "Smart EV Battery Switching with Dynamic
Temperature Control and IoT Alerts" represents a
pioneering initiative aimed at overcoming significant
challenges in managing electric vehicle (EV) batteries. As
the adoption of electric vehicles grows, ensuring optimal
battery performance, safety, and longevity becomes
increasingly crucial. This innovative project integrates
cutting-edge technologies such as dynamic temperature
control, battery switching mechanisms, and IoT
connectivity. By continuously monitoring and regulating
battery status, the system acts as a vigilant guardian,
ensuring smooth performance and enhancing the overall
driving experience.

Central to the project is the optimization of battery
performance and lifespan through real-time temperature
monitoring and dynamic battery switching. This approach
effectively mitigates the risk of overheating, a critical
concern for lithium-ion batteries, by ensuring balanced
usage across the battery pack.

By preventing overcharging and optimizing power
distribution among batteries, the system enhances energy
utilization and extends the vehicle's driving range.
Moreover, its integration with IoT enables remote
monitoring and predictive maintenance, empowering
users with real-time data insights and proactive measures
to preemptively address potential issues, thus minimizing
downtime and enhancing operational efficiency. during
the sweltering summer months, electric vehicles face
heightened risks due to temperature fluctuations that can
lead to battery overheating and safety hazards. Traditional
EV battery systems without dynamic temperature control
are particularly vulnerable, as they lack mechanisms to
adjust to changing environmental conditions. In contrast,
the Smart EV Battery Switching System with Dynamic
Temperature Control and IoT Alerts offers a proactive
solution. By dynamically switching between batteries
based on temperature readings and providing real-time
alerts, it effectively shields against overheating risks,
ensuring safer operation and mitigating potential
incidents such as battery fires. This advanced system not

only enhances safety but also underscores the critical role
of proactive temperature management in the reliability
and sustainability of electric mobility solutions.

Fig -9: EV Catches fire

9. Al Integration

The "Smart EV Battery Switching with dynamic
temperature control” project currently operates efficiently
without Al integration. However, planning for its future
incorporation represents a forward-thinking strategy
aimed at enhancing the performance, efficiency, and
longevity of electric vehicle (EV) batteries.

Need for Al Integration: Al offers enhanced adaptability
by continuously analyzing factors such as driving
conditions, temperature variations, and usage patterns.
This capability enables real-time adjustments of battery
performance parameters, ensuring optimal operation
across diverse scenarios and extending battery lifespan.
Al-driven machine learning models can optimize energy
management by processing extensive data from sensors,
vehicle systems, and external sources. By identifying
consumption patterns and optimizing charging and
discharging cycles, Al enhances energy efficiency and
reduces losses, thereby maximizing the overall energy
utilization of the battery system.

10. CONCLUSION

The Smart EV Battery Switching system with Dynamic
Temperature Control and IoT heralds a revolutionary
advancement in electric vehicle technology. By actively
managing battery temperatures and leveraging real-time
data, it optimizes performance and ensures safety with
unparalleled precision. The dynamic switching mechanism
between batteries not only prevents overheating but also
promotes a longer lifespan by maintaining optimal
operating conditions. Moreover, the integration of IoT
capabilities introduces a new level of connectivity,
empowering users to remotely monitor and control the
system effortlessly.
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