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Abstract— To ensure optimal performance, these batteries require a reliable battery
management system (BMS). The smart BMS outlined in this article is suitable for any device
equipped with lithium-ion battery banks. This system includes tools for monitoring, evaluating,
and diagnosing the health and efficiency of lithium-ion batteries. This paper explores the design
and implementation of an electric vehicle (EV) using a Brush-less DC (BLDC) motor, a Battery
Management System (BMS), and Internet of Things (IoT) technologies. As the use of EVs
increases, optimizing motor efficiency and battery health becomes crucial for both performance
and sustainability. The BLDC motor was selected for its ability to provide precise control and
require less maintenance compared to traditional motors, making it ideal for EV applications.
The BMS plays a vital role in ensuring safe and efficient operation by monitoring and managing
the battery's temperature, charge level, and overall condition. Additionally, with IoT
integration, key metrics such as motor performance, battery health, and energy consumption
can be monitored remotely, allowing for real-time data collection. This algorithm can detect
and categorize possible issues, including cell degradation, thermal runaway, and voltage
irregularities, by analyzing the gathered data. To improve communication and data sharing, the
smart battery system features wireless connectivity, enabling smooth integration with the
vehicle's on board computer and external diagnostic tools.

Index Terms— Battery Management System, IOT, Temperature, Smart Grid, Electric Vehicle.

1. INTRODUCTION

The battery of the electric vehicle (EV) is continuously monitored through the Internet of Things (IoT), and its
performance is enhanced with advanced analytic. The system's operation relies on a dependable control drive,
while battery management systems offer essential functions like charging control, thermal management, state of
charge estimation, state of health estimation, and crucially, cell balancing, as well as protection against
overheating, overcharging, and over-discharging. In contrast, BLDC motors require less maintenance since they
lack mechanical commutation. Brush-less DC (BLDC) motor drives are considered the most promising option
for EV applications. We will explore cell balancing techniques in lead-acid batteries that utilize series/parallel
connections to achieve the desired current and voltage. A robust battery management system (BMS) is vital for
keeping these batteries in optimal condition. Although ensuring safety regulations is the primary duty of a BMS,
it also aims to enhance the longevity and efficiency of battery cells.
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Energy derived from fossil fuels has led to various environmental problems. The release of gases such as carbon
dioxide and carbon monoxide has caused air pollutand contributed to the depletion of these fuels. Consequently,
there is a push for alternative renewable energy sources. However, the main challenge is the intermittent
availability Fig. 1. General architecture of a Battery Management System (BMS) highlighting key functional
blocks: battery monitoring, state determination, safety protection, thermal management, and communication of
these resources, which necessitates energy storage solutions. This has led to the development of batteries that can
store energy for later use. Batteries consist of cells connected in series, including types like NiCd, Li-ion, Li-ion
polymer, lead-acid, and NaS.The quality of a battery is determined by factors such as its durability, cost,
lifecycle, power density,temperature tolerance, and depth of discharge.[1]Cell protection is managed externally,
while charge control is handled by a battery management cell system (BMS), as many batteries suffer damage
from improper charging. The BMS provides an overall health assessment of the battery pack, with cell health
values ideally ranging from 0 to 100%.[2] It monitors these values and compares them to reprogrammed
thresholds. The system also encompasses engine management, communication, and safety features. The state of
charge (Soc) is a percentage that indicates the amount of stored energy at a given moment. One widely used
method for estimating the Soc is known as Coulomb Counting.Electric vehicles (EVs) are known for being
environmentally friendly, and electricity is generally cheaper than gasoline. However, this transition will
encounter several challenges, including limited charging infrastructure, vehicle range, and battery life. In recent
years, the automotive industry has experienced a significant shift towards sustainable transportation solutions,
with EVs playing a crucial role in this movement. A key component of EV efficiency and performance is the
energy storage system, which usually consists of advanced lithium- ion batteries.As the adoption of EVs
increases, ensuring the reliability and safety of these battery systems becomes essential. This has prompted a
greater emphasis on developing smart battery systems equipped with fault diagnosis capabilities. Designing and
implementing such a smart battery system addresses the complexities and challenges associated with electric
vehicle batteries. This innovative approach surpasses traditional battery management systems (BMS) by
integrating intelligent features that improve the overall performance, safety, and lifespan of the battery pack.The
main goal of this research is to create a comprehensive smart battery system that not only effectively manages
energy storage and distribution within an EV but also includes advanced fault diagnosis capabilities.The system
is designed to detect and resolve potential issues in real-time, reducing the risk of critical failures and ensuring
the safety of both the vehicle and its passengers.
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II. PROPOSED METHODOLOGY

To create an effective battery management system, it is essential to incorporate temperature, power, voltage, and
current measuring systems to pinpoint the key issues that need addressing.The ESP32 micro controller is
necessary for the BMS to detect changes and fluctuations in the battery's environment.After programming the
system correctly, it must be given the right commands. For instance, if the battery overheats, the BMS should
trigger the air-cooling system. Additionally, the battery should disconnect from the power source once it is fully
charged.A comprehensive approach is needed for designing and implementing a BLDC motor with a battery
management system in an electric vehicle, utilizing the Internet of Things.Start by defining the system
requirements, which include communication protocols, voltage, current, and battery capacity. Select the
necessary hardware, such as a Wi-Fi module, a NodeMCU BMS, temperature sensors, and current and voltage
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sensors.Develop the system architecture to outline how the different components interact. Integrate the BMS to
manage battery functions like cell balancing, preventing overcharging and over- discharging, and monitoring
temperature.Attach voltage and current sensors to assess the state-of-charge (SOC) and state-of-health (SOH).
Use temperature sensors to monitor the overall temperature of the device and evaluate the battery's condition. In
the electric vehicle (EV) system illustrated in the block diagram, a lithium-ion battery powers a BLDC motor
through a dedicated driver circuit. Cloud and internet connectivity enable remote control and monitoring of the
electric vehicle's perform.Utilize a programming language like C/C++ to program the ESP32 micro-controller.
Develop firmware logic for communication with the BMS, fault detection, and data collection To enable data
transfer between the ESP32 micro-controller and the main control unit of the electric car, set up communication
protocols for the Wi-Fi module. Develop algorithms to diagnose faults using sensor data, focusing on common
issues like cell imbalance, over- voltage, under-voltage, overheating, over-discharge, and overcharging. Ensure
that the system accurately identifies and reports data to the cloud. As part of a thorough system test, check sensor
readings, the operation of the Wi-Fi module, and hardware connections.

Integrate the electric vehicle's smart battery management system with its power management system. Confirm
that the ESP32 micro-controller and the car's control unit are compatible and can communicate seamlessly
through the driving circuit. Document every step of the design and implementation process, including hardware
connections and system architecture. We also consider regulatory compliance, ensuring that the smart battery
system meets EV and safety standards.

III. DATA COLLECTION

The data gathered from these sensors is processed by an advanced control unit, typically featuring powerful
micro-controller algorithms. The initial step involves defining the specific needs of the system, which includes
factors like the EV's power requirements, battery capacity, voltage specifications, and communication protocols.
Grasping the complexities of the EV's electrical system is essential for creating a battery management system
(BMS) that can effectively monitor and manage the battery's performance.The data collection phase focuses on
selecting the right hardware components. This means choosing an appropriate micro-controller, such as the
NodeMCU, to serve as the system's brain. Selecting the right sensors is crucial, including current and voltage
sensors to assess the state of charge (SOC) and state of health (SOH) of the battery. Additionally, temperature
sensors are incorporated to keep track of the battery's thermal conditions, which significantly affect its
performance and lifespan.Establishing a reliable BMS is key to the smart battery system. This includes
integrating features like overcharge protection, over-discharge protection, cell balancing, and temperature
monitoring. Each of these functions relies on detailed data regarding the battery's characteristics and behavior
under different conditions. Fault diagnosis algorithms are created based on this data to accurately identify and
address potential issues such as over-voltage, under-voltage, overheating, and cell imbalances.Programming the
NodeMCU involves developing firmware that manages data acquisition, fault detection, and communication
processes. This firmware uses the gathered data to make informed decisions about the battery's performance and
health. The communication module, which connects with the electric vehicle's main control unit, is set up
according to the specific communication protocols and interfaces identified during the data collection phase.The
testing phase is crucial, requiring a thorough examination of the entire system in controlled settings. This step
ensures the accuracy of sensor readings, the effectiveness of fault diagnosis algorithms, and the reliability of
communication channels. The data gathered during testing helps improve the system's cloud connectivity,
ensuring it meets the necessary performance standards.Documentation plays a vital role in the data collection
process, capturing The design and implementation of BLDC motors paired with battery management systems in
electric vehicles leverage IoT technology to boost overall reliability and efficiency. The smart battery system is
constructed on a robust architecture that incorporates advanced sensors, micro-controllers, communication
modules, and intelligent algorithms. A key element of electric vehicles is the battery system, which demands
sophisticated management to maintain optimal performance, safety, and longevity. This architecture enables
real-time monitoring and control of the battery's health and performance, ensuring it integrates smoothly with the
vehicle's power-train. Various sensors are strategically positioned within the battery system to gather essential
data, including temperature, voltage, current, and impedance sensors. The information collected from these
sensors offers insights into the battery's operational conditions, allowing for timely detection of issues. A high-
performance micro-controller unit serves as the brain of the smart battery system, processing data from the
sensors, executing diagnostic algorithms and managing the charging and discharging processes to enhance
battery performance. To ensure seamless communication with external systems and enable remote monitoring,
the smart battery system features a communication module. This module supports wireless protocols like Wi-Fi,
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Bluetooth, or cellular connectivity, facilitating data exchange with a central management system or a cloud-
based platform. The core of the smart battery system is its intelligent fault diagnosis algorithms, which analyze
sensor data to detect potential problems such as overcharging, overheating, over-discharging, state of charge, and
state of health. This system can anticipate potential failures and initiate appropriate responses to avert critical
issues, thereby ensuring the safety and reliability of the electric vehicle. The interface is crafted to be user-
friendly for both vehicle operators and maintenance staff. It delivers real-time updates on the battery's condition,
notifies users of possible issues, and provides insights into the battery's past performance. Users can also get
alerts on their mobile devices, which improves the overall experience. Prioritizing safety features is essential in
the design process. The development and integration of a BLDC motor with a battery management system for
electric vehicles play a crucial role in ensuring their reliability and safety. This cloud-based system not only
boosts battery performance but also helps prolong the lifespan of the electric vehicle. Figure 3 illustrates the
circuit implementation of the proposed system.
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IV. SYSTEM ARCHITECTURE

Implementing a BLDC motor with a battery management system for electric vehicles involves a careful balance
between software and hardware integration. At the heart of this implementation is the battery management
system (BMS).To ensure the longevity of the battery pack, the BMS regulates critical functions such as
overcharge, over-discharge, and over-current protection. It also facilitates cell balancing, ensuring that each cell
in the battery pack contributes equally to its overall capacity.The ESP32 communicates with the BMS, which is
essential for system control and decision- making. The NodeMCU is programmed to process incoming data,
make real-time decisions, and actuate responses. By enabling communication with the main control unit of the
electric vehicle, the NodeMCU ensures a synchronized and efficient power flow.This small, versatile micro-
controller serves as the system's brain, seamlessly integrating various sensors that monitor key parameters like
temperature, voltage, and current.An electric motor plays a crucial role in the overall performance of the system,
particularly in electric vehicles.The effectiveness and reliability of the control drive are vital for the system's
operation in these applications. Essentially, a BLDC motor is a DC motor that uses electronic commutation.

The integration of current and voltage sensors enhances the system's accuracy by allowing precise measurements
of the voltage across the battery terminals and the current being drawn. These measurements are instrumental in
calculating the state of charge (SOC), which is essential for determining the battery's energy level.To ensure
smooth communication and accurate data, these components must be meticulously connected and calibrated
during implementation. The system undergoes rigorous testing to verify its reliability under various operational
conditions before the smardetailed information about the system architecture, hardware connections, firmware
code, and diagnostic algorithms. This documentation not only helps in understanding the complexities of the
implemented system but also serves as a reference for future maintenance, upgrades, and
troubleshooting.Designing and implementing BLDC motors with smart battery management systems for electric
vehicles equipped with [oT capabilities requires a comprehensive data collection process at every stage. This
approach ensures that the system is customized to meet the specific needs of the electric vehicle and functions
effectively in various conditions, providing a reliable and safe power source for the vehicle.
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VI. TESTING

Testing the design and implementation of a BLDC motor with a battery management system for an electric
vehicle (EV) using IoT capabilities is a vital step in ensuring the system's reliability and effectiveness. This
testing process includes a thorough evaluation of both hardware and software components.For hardware testing,
it is important to validate the physical connections and communication between the NodeMCU, the battery
management system (BMS), and other peripheral components. This involves checking the accuracy of sensor
readings from current, voltage, and temperature sensors. It is crucial to ensure that the BMS operates correctly,
providing overcharge protection, over-discharge protection, cell balancing, and precise temperature monitoring.
Next, the Wi-Fi module integrated into the MCU must be rigorously tested. This includes evaluating the
module's ability to establish a stable and secure connection with the electric vehicle's main control unit. It is
necessary to confirm that data transmission is reliable and that the communication protocol used meets the
vehicle's specifications. Additionally, security features such as encryption and authentication should be tested to
guarantee the integrity of the data exchanged between the smart battery system and the vehicle's control unit.The
firmware created for the NodeMCU goes through extensive testing. This process includes validating the fault
diagnosis algorithms using sensor data. We simulate various fault scenarios, such as over-voltage, under-voltage,
over-temperature, and cell imbalance, to ensure the system can accurately identify and report these issues. We
also test the system's robustness by exposing it to different conditions and stress scenarios to evaluate its
resilience and responsiveness.Integration testing is conducted to ensure smooth interaction between the battery
management system and the electric vehicle. We verify that the NodeMCU communicates effectively with the
vehicle's control unit, triggering the necessary responses and safety measures. Real-world scenarios and edge
cases are considered to ensure the system operates reliably in a variety of conditions.Additionally, logging and
monitoring mechanisms should be established to track system behavior and aid in debugging during testing. We
assess the system's response time and evaluate the effectiveness of real-time fault reporting in relation to cloud
connectivity.

Fig 4 and 5 shows the result of proposed hardware. Here we are able to see real time readings of battery on
display. We are able to control status of cooling fan and motor . Blynk makes it easy to operate and view the
status of devices.In this system battery , sensors, controller, and relays all are connected together along with
LCD and nodeMCU . Voltage sensor , temperature sensor and current sensor detects the data and display it on
the LCD display. Our nodeMCU is connected with Wi-Fi and with blynk app. Further the sensor data is
compared with the pre-defined data . If the pre-defined data and present condition data do not match then our
blynk app will generate the alert notification and will give us the warning. When data exceeds the pre-defined
data then as a result cooling system starts to work.
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VI. CONCLUSION

The design and implementation of BLDC motors combined with battery management systems in electric
vehicles (EVs) using IoT marks a significant advancement in sustainable transportation. By integrating advanced
technologies and fault diagnosis algorithms into the battery management system, we not only improve the
overall performance of EVs but also enhance safety and reliability. The smart system continuously monitors and
analyzes the battery's health, allowing it to quickly detect and diagnose faults, which helps reduce risks and
extend the battery pack's lifespan. This innovative approach tackles the challenges of EV battery management
while also supporting the broader goals of minimizing environmental impact and encouraging the adoption of
electric vehicles.The successful deployment of this smart battery system highlights its potential to transform the
electric vehicle industry, offering a model for future developments in energy storage and automotive The system
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is capable of continuously monitoring the battery's voltage, current, and temperature, providing technologies.
real-time updates on the battery's state of charge, health, and temperature.The cooling system control module
ensures that the battery temperature stays within a safe operating range, while the alert system notifies the
vehicle operator or fleet manager in the event of critical battery conditions.The implementation and results of the
proposed system demonstrate its potential to significantly enhance electric vehicle fleet management, battery
performance, and maintenance. It can lower the frequency and cost of battery replacements, optimize charging
processes, and prevent unexpected vehicle downtime.This system is designed to improve the overall reliability,
safety, and performance of EVs by incorporating intelligent features for monitoring and diagnosing battery-
related issues.The implementation features a user-friendly interface that offers clear information about the
battery status and any identified issues. This equips users and service technicians with essential insights,
enabling informed decision-making and effective maintenance practices.The smart battery management system
is crafted to integrate smoothly with the wider electric vehicle ecosystem. This includes compatibility with
vehicle management systems, charging infrastructure, and other EV components to ensure a unified and efficient
operation. Throughout the design and implementation phases, strict adherence to relevant industry standards and
regulations is maintained.This guarantees that the smart battery system meets safety and performance criteria,
building trust among users and regulatory authorities. The architecture of the smart battery system is designed to
be scalable and up gradable, allowing for future improvements and adjustments. This ensures that the system can
evolve alongside advancements in battery technology, diagnostic techniques, and the overall EV
infrastructure.component enabled real-time control, maintaining system op- eration within optimized constraints
and enhancing reliability. Overall, the proposed PSO-MPC strategy offers a robust and efficient solution for
advanced BMS optimization. Future work will focus on real-time hardware validation and exploring hybrid
optimization techniques to further improve adaptability.
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