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Abstract — The advent of electric vehicles (EVs) has revolutionized the automotive industry, including the high-performance racing
sector. Effective battery management is paramount for ensuring optimal performance, safety, and longevity of these vehicles,
particularly in the demanding racing environment. The proposed system integrates a robust BMS with an online monitoring structure,
enabling Realtime data acquisition, management, and logging. The BMS monitors critical battery parameters, including voltage,
current, temperature, power, state of charge (SOC), and state of health (SOH), providing insights into the battery's performance and
health. These parameters are transmitted via secure internet connectivity and stored in a cloud-based database, enabling remote
monitoring and analysis by racing teams and engineers. An Android application serves as the user interface, displaying real-time data
and historical trends, allowing for quick decision-making during races. To facilitate data-driven decision-making, the system leverages
Power BI, a powerful data visualization tool, to generate insightful graphs and reports from the accumulated dataset. This feature
enables racing teams to analyze battery performance, identify potential issues, and make informed decisions during races, such as
adjusting power levels, managing thermal conditions, and determining optimal pit stop timings. High-speed racing generates significant
heat, which can negatively impact battery performance and lifespan. The BMS incorporates advanced thermal management
capabilities, monitoring individual cell temperatures and adjusting the cooling system to prevent overheating, maintaining optimal
performance and safety. Overall, this battery monitoring system addresses the critical need for effective battery management in high-
performance racing EVs, enhancing safety, optimizing performance, and enabling data driven decision-making through real-time
monitoring, analysis, and thermal management. The system's integration with cloud technology and data visualization tools presents a
novel approach to battery management, facilitating informed decision-making and pushing the boundaries of racing EV performance
and efficiency.
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I. INTRODUCTION

1. Battery monitoring system for racing vehicles is an emerging area in the field of automobiles and. In India. its benign operational
area, monitoring its state, commentary that data, monitoring its situation, confirming it or complementary it. With our proposed
system, the battery management system can be integrated with the monitoring structure which is capable of both managing,
monitoring and logging the data to an online database. This system monitors the battery parameters like voltage, current,
temperature, power and state of charge. These parameters are then sent and stored in a database via internet which is then shown
to the user by means of an android app. When sufficient dataset is available in the database, intelligent machine learning algorithms
can be used to predict the life cycle of the battery and give suggestions to the user regarding the time and duration of each charge
cycle, the health of the battery and many more.

2. Temperature Control: High-speed racing generates a significant amount of heat, which can negatively impact battery
performance and lifespan. The BMS monitors individual cell temperatures and adjusts the cooling system to prevent overheating,
maintaining optimal performance and safety.

3. Real-time Data Analysis: BMS-equipped racing EVs can transmit real-time data to the pit crew and engineers. This information
helps them make informed decisions during the race, such as adjusting power levels, managing thermal conditions, and deciding
when to pit for recharging.

In the realm of modern energy management, Battery Monitoring Systems (BMS) stand as essential guardians of rechargeable
batteries, ensuring their optimal performance and safety across diverse applications. A BMS is a sophisticated electronic device
meticulously engineered to monitor, balance, and safeguard batteries in real-time. By tracking critical parameters such as voltage,
current, temperature, state of charge (SOC), and state of health (SOH), BMS prevents potential hazards like overcharging, over-
discharging, and excessive temperatures. These systems play a pivotal role in electric vehicles, renewable energy installations,
uninterruptible power supplies, and portable devices. BMS technology not only enhances battery lifespan but also boosts energy
efficiency by maintaining uniform cell voltages and currents, thus maximizing the overall performance of battery-powered
systems. With its advanced algorithms and precise monitoring capabilities, BMS ensures reliable power supply, reduces
maintenance costs, and promotes sustainable energy practices. As the demand for energy storage solutions continues to rise, BMS
remains at the forefront, empowering industries and individuals to harness the full potential of rechargeable batteries while
prioritizing safety and efficiency Cell Monitoring: BMS monitors individual battery cells, ensuring uniform charge and discharge
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rates among them. This prevents imbalances that can lead to inefficiencies and reduced lifespan. Voltage and Current Sensing:
Precise measurement of voltage and current helps prevent overcharging and over-discharging, ensuring the battery operates within
safe limits. Temperature Management: Monitoring battery temperature prevents overheating, a common cause of battery
degradation and potential safety hazards. State of Charge (SOC) Estimation: BMS calculates the remaining capacity of the battery,
providing users with accurate information about the available energy. State of Health (SOH) Analysis: BMS assesses the overall
health of the battery, predicting its lifespan and identifying degradation patterns.

Problem Statement

e Real-time Monitoring: Continuously monitor and collect data from batteries in real-time, including parameters such as
voltage, current, temperature, and other relevant metrics, to enable accurate and timely assessment of battery health and
performance.

e Early Fault Detection and Predictive Maintenance: Implement advanced algorithms and machine learning techniques to detect
anomalies, identify potential faults or degradation patterns, and enable predictive maintenance strategies, minimizing
downtime and extending battery life.

e Capacity Estimation and State of Health Assessment: Accurately estimate the remaining capacity and state of health of
batteries using techniques such as coulomb counting, impedance spectroscopy, or machine learning models, enabling
informed decision-making for battery replacement or maintenance.

e Remote Monitoring and Control: Provide a comprehensive web-based or mobile interface for remote monitoring and control
of batteries, allowing authorized personnel to access real-time data, receive alerts and notifications, and perform remote
configuration or maintenance tasks.

e Data Analysis and Visualization: Implement powerful data analysis and visualization tools to process and present battery data
in an intuitive and actionable manner, enabling stakeholders to gain insights, identify trends, and make informed decisions.

e  User-Friendly Interface: Develop a user-friendly interface that simplifies the interaction with the battery monitoring system,
making it accessible to a diverse range of users, including technicians, operators, and decision-makers.

Il. PROPOSED WORK

The project started by looking through research papers to find ones that were helpful. A comprehensive battery monitoring system
(BMS) designed specifically for highspeed racing EVs, addressing the critical challenges of real-time monitoring, data analysis,
and thermal management.

Concept of BMS

Battery Arrangement :- Cells: 3 sets of 15 cells, each cell having a capacity of 5000mAnh.

Connection: Cells are connected in parallel.

Battery Management System (BMS) :-

Function: Monitors and manages individual cells, ensuring balanced charging and discharging.
Communication: Interfaces with other components via CAN port and Bluetooth.

CAN Port :- Connects the BMS to the monitoring device, facilitating data transmission.

Bluetooth Module Enables wireless communication with an application on mobile or other devices.
Monitoring Device and Software :-

Device: Receives data from the BMS via the CAN port.

Software: Processes the received data for monitoring and management.

Outputs :- Monitored individual cell data Operational parameters Designed actions and cell specifications
Data Output and Visualization :- Data Export: Generates CSV files containing detailed battery data.
Display: Utilizes Power Bl to create customizable dashboards for data visualization according to customer needs.
Interface: User-friendly interface designed to display
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Fig 1 Flowchart of BMS

I1l. COMPONETS

After determining the necessary components, we proceeded to finalize our component selection. The components were
manufactured and subsequently assembled.

A. Battery
A battery pack, likely for an electric vehicle or energy storage system, with multiple battery modules connected to a battery
management system (BMS)

B. Battery Management System (BMS)

battery management system (BMS) module or board, which is a critical component in managing and monitoring lithium-ion
battery packs used in electric vehicles, energy storage systems, and various other applications. The BMS plays several crucial
roles like . Cell monitoring, Temperature monitoring, Cell balancing, Battery protection, State estimation, Communications.

C. Can Port Connection

A CAN (Controller Area Network) port or CAN bus is a vehicle communication protocol widely used in modern automobiles.
It allows different electronic control units (ECUs) and sensors in a vehicle to communicate with each other over a dedicated wiring
system.

D. xiaoxiang BMS Chinese software
The software's userfriendly operation interface facilitates users to perform various operations. The software window is mainly
divided into several sections such as battery information, parameter settings, calibration and other functions.

E. The Output CSV File

A CSV file, which stands for comma-separated values, is a popular type of file format used for storing tabular data CSV files
are essentially plain text files where commas separate values and new lines separate records. This makes them readable and
editable with a simple text editor.

F. Power bi

Power Bl is a tool by Microsoft that allows you to convert CSV files into interactive graphical reports and dashboards. Here's
how to use Power Bl Desktop to convert a CSV file into graphical outputs. You can turn raw data from a CSV file into meaningful
and interactive reports and dashboards.
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IV. CONCLUSION

The proposed battery monitoring system (BMS) presents a significant advancement in ensuring optimal performance, safety, and
longevity of high-performance racing EVs. This innovative system addresses the critical challenges of real-time data monitoring,
in-depth analysis, and proactive thermal management. The integration of a robust BMS with online monitoring, cloud-based
storage, and a user-friendly mobile application empowers racing teams with real-time insights and data-driven decisionmaking
capabilities. Powerful data visualization tools like Power BI further enhance the system's functionality by transforming raw data
into actionable intelligence. The system's ability to monitor and manage individual cell temperatures ensures optimal thermal
conditions, safeguarding battery health and performance. Additionally, the modular design allows for seamless integration with
existing racing EV platforms, promoting scalability and adaptability. Rigorous testing and validation solidify the system's
reliability and accuracy in the demanding racing environment, adhering to all relevant industry standards. In conclusion, this
comprehensive battery monitoring system represents a transformative approach to EV battery management in high-speed racing.
It fosters informed decision-making, optimizes performance, and prioritizes safety, ultimately pushing the boundaries of racing
EV technology.
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