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Abstract: The growing popularity of Electric Vehicles (EVs) has led to an increased demand for sophisticated battery 
management systems that guarantee safety and efficiency. In order to track and control the operation of electric vehicle batteries 
in real time, this project presents a novel pairing of an Internet of Things gadget with an Android application. This integrated 
solution gives customers greater safety and extends battery life by delivering critical insights and notifications regarding battery 
health, percentage, temperature, and essential events including full charge, low battery, overheating, and fire detection. The 
technology prioritizes user safety and battery longevity while optimizing the EV experience through user-friendly interfaces and 
timely notifications.  
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I. INTRODUCTION  
The rapid advancement and adoption of Electric Vehicles (EVs) signify a significant shift towards sustainable transportation. 
Central to the performance and safety of EVs is the efficient management of their battery systems.  
As EVs become increasingly prevalent, the need for comprehensive battery health monitoring and management systems becomes 
paramount. this project introduces an innovative solution designed to address the evolving requirements of EV battery 
management.  
Integrating an IoT-Device with an Android application, this system offers real-time monitoring, analysis and control of EV battery 
health parameters. Users gain access to critical information such as battery health status, percentage of charge, temperature 
readings and timely alerts for events like full charge, low battery levels, overheating and fire incidents.  
The incorporation of IoT technology with mobile applications presents a holistic approach to EV battery management, catering to 
both user convenience and safety.  
Through intuitive interfaces and proactive alert mechanisms, Users can utilize IoT technology to make informed decisions about 
their EV usage, optimize battery performance, and mitigate potential risks. this introduction sets the stage for exploring the 
components, functionality, and significance of the proposed EV Battery Health  Monitoring and Management IoT Device with 
Android Application. Addressing the urgent demand for advanced battery management solutions in the EV industry, this project 
aims to contribute towards enhancing the efficiency, reliability, and safety of electric transportation.  
 
A. Background 
The rapid proliferation of Electric Vehicles (EVs) signifies a monumental shift towards sustainable transportation, with global sales 
surpassing 3 million units in 2020 alone. However, the optimal performance and safety of EVs hinge crucially on the efficacy of 
battery management systems.  
Existing solutions often fall short in addressing the dynamic nature of battery health parameters, necessitating innovative 
approaches for real-time monitoring and management. This project proposes an integrated solution comprising a IoT device and an 
Android application to meet these evolving needs.  
By leveraging IoT technology and mobile platforms, the solution offers comprehensive insights into battery health parameters, 
enabling real-time monitoring, analysis, and control. Through intuitive interfaces and proactive alert mechanisms, users can 
optimize EV usage, prolong battery life, and mitigate potential risks. The integration of IoT devices with mobile applications 
presents a holistic approach to EV battery management, enhancing user convenience and safety. This initiative aims to bridge 
existing gaps in battery management systems, contributing to the efficiency, reliability, and safety of electric transportation on a 
global scale  
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B. Related Work 
1) IoT Based Battery Management System (BMS): An IoT- based battery management system (BMS) integrates IoT technology 

to oversee and regulate batteries across applications. It utilizes sensors, microcontrollers, communication modules, and cloud 
servers to gather, analyze, and enhance battery usage data, offering real- time monitoring of voltage, current, temperature, and 
charge status with early fault detection capabilities. Despite its advantages in optimizing battery processes, extending life, and 
cost reduction, challenges like cybersecurity vulnerabilities, complex integration with existing systems, and potential data 
overload require careful consideration for successful implementation and sustained performance.[1]  

2) IoT Based Electric Vehicle Application using Boosting: Algorithm for Smart Cities: The rise of Internet of Things (IoT) 
technology in electric vehicles (EVs) promises enhanced environmental sustainability and operational efficiency. This article 
advocates for integrating low-cost sensors throughout EVs to monitor battery health and improve performance.  Utilizing 
online monitoring via platforms like Things Speak and implementing boosting algorithms in MATLAB allows for continuous 
analysis and visualization of EV data. While this approach shows promising results in enhancing EV capabilities by up to 
74.3%, challenges such as sensor reliability, data security, and integration complexities remain key limitations that must be 
addressed for widespread adoption    and    sustained    benefits    in    IoT-based EV technology. [2]  

3) IoT Based Battery Management System for Electric Vehicles: Electric vehicles (EVs) rely heavily on batteries for clean 
transportation, necessitating effective Battery Management Systems (BMS) to monitor and regulate battery usage. While the 
Internet of Things (IoT) presents promising opportunities for enhancing EV technology, challenges such as limited battery 
capacity and insufficient charging infrastructure persist. Current limitations include the need for improved battery longevity, 
expanded charging networks, and accurate prediction of remaining energy. Despite advancements in BMS technology for 
tracking battery health, addressing these challenges requires collaborative efforts across industries to develop scalable solutions 
ensuring sustainable EV adoption and performance. [3]   

4) Battery Parameter Monitoring and Control System for Electric Vehicles: This paper introduces a Battery Monitoring and 
Control system tailored for electric vehicles (EVs) to track battery voltage, current, temperature, and fire hazards. Utilizing 
low-cost hardware like the ATMEGA 328 microcontroller and Bluetooth modules interfaced with an Android smartphone, the 
system offers real-time monitoring and control capabilities. However, limitations such as limited scalability due to hardware 
constraints of the Arduino UNO platform, potential data transmission delays or errors in Bluetooth communication, and the 
need for robust cybersecurity measures to protect sensitive EV data stored in server databases must be considered. Additionally, 
ensuring compatibility with a wide range of EV models and integrating advanced diagnostic features for comprehensive battery 
health assessment are areas for future      development and improvement in such systems. [4]  

5) IoT Based Wireless EV Charging and Battery Monitoring System: In envisioning a driverless Electric Vehicle (EV) future with 
automatic Wireless Charging Systems (WCS), [5] emphasizes the advantages of WCS over plug-in systems but also 
acknowledges significant challenges. While WCS offer simplicity, reliability, and user-friendliness, they are limited to 
stationary applications like car parks, facing obstacles such as electromagnetic compatibility issues, limited power transfer, 
bulky structures, shorter range, and reduced efficiency. The safety concerns with lithium-ion batteries in EVs, such as 
overcharging risks leading to battery degradation or accidents, necessitate advanced battery monitoring systems. Although IoT-
based solutions offer enhanced monitoring and notification capabilities, they still face challenges in ensuring seamless 
integration, data security, and real-time responsiveness, highlighting the need for continuous development and refinement in 
WCS and IoT technologies for widespread adoption in EV charging and monitoring systems. 

6) IoT based Battery Parameter Monitoring System for Electric Vehicle: While the proposed IoT-based system for monitoring 
electric vehicle (EV) battery performance shows promise in detecting degraded battery performance and providing real-time 
notifications, several limitations need consideration. Challenges include potential data security vulnerabilities in IoT systems, 
accuracy and reliability issues in voltage, current, and charge capacity calculations, as well as complexities in integrating the 
system across various EV models. Additionally, reliance on stable internet connectivity for real-time monitoring and the need 
for continuous calibration and updates for accurate data readings are crucial aspects to address. Future developments should 
focus on enhancing data encryption protocols, improving sensor accuracy, ensuring seamless integration with diverse EV 
platforms, and implementing robust backup systems to mitigate these limitations and achieve more effective and reliable EV 
battery monitoring and management solutions. [6]  
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7) IoT based Battery Management System for Electric Vehicle: This research emphasizes the application of IoT technology in 
monitoring the performance of electric vehicle (EV) batteries to tackle concerns related to decreasing energy levels and 
subsequent performance degradation. Despite providing direct and immediate insights into battery function, IoT-based 
monitoring encounters challenges such as data security risks, complex integration with various EV models, and the necessity 
for robust notification systems to prompt timely user interventions. Additionally, the reliability of IoT systems is influenced by 
dependencies on consistent internet connectivity and potential inaccuracies in sensor readings. Future advancements should 
prioritize enhancements in data encryption methods, seamless integration across diverse EV platforms, increased sensor 
precision, and the development of AI-driven predictive maintenance capabilities. These improvements are crucial for mitigating 
limitations and achieving more efficient monitoring and management of EV batteries. [7]  

8) Design and Analysis of IoT based Battery Management and Monitoring System For EV: As the global adoption of electric 
vehicles (EVs) rises, there is a growing need for enhanced performance monitoring. Leveraging Internet of Things (IoT) 
technology offers a promising solution for integrating automated real-time monitoring into existing EV systems. However, the 
widespread use of rechargeable lithium-ion batteries in EVs introduces challenges such as overcharging risks, which can 
significantly reduce battery lifespan and pose safety hazards like fire incidents. While this paper introduces an IoT-based 
Battery Management System (BMS) to mitigate these risks and provide real-time battery condition updates, limitations such as 
data security vulnerabilities, sensor accuracy, and the complexity of integrating IoT systems into diverse EV models remain key 
areas for improvement to ensure effective and reliable EV battery management solutions in the future.[8]  

9) IoT based Electrical Vehicle’s Energy Management and Monitoring System: Transitioning to electric vehicles (EVs) is 
imperative for the future of transportation; however, managing EV batteries effectively is crucial. While overcharging or over-
discharging can damage batteries, precise state-of-charge estimation is necessary to prolong battery life and safeguard 
connected components. [9] introduces a low-cost, IoT-based battery management and monitoring system for EVs, providing 
real-time insights through a user-friendly IoT application. Despite its advantages, challenges such as data security 
vulnerabilities in IoT platforms, limited accuracy in state-of-charge estimation algorithms, and the need for robust user 
interfaces for non-technical users must be addressed. Future developments should focus on enhancing data encryption, refining 
state-of-charge estimation algorithms, and improving user experience to ensure widespread adoption and effectiveness of IoT- 
based EV battery management systems.  

10) IoT based Battery Monitoring System for Electric Vehicle: [10] explores the implementation of Internet-of Things (IoT) 
technology for monitoring electric vehicle (EV) battery performance, aiming to address concerns about energy depletion and 
subsequent performance decline. While EVs heavily rely on batteries for energy, the gradual reduction in energy supply is a 
significant worry for battery manufacturers. The proposed IoT based battery monitoring system comprises a monitoring device 
and user interface, enabling direct and real-time performance monitoring. However, challenges such as data security 
vulnerabilities in IoT networks, potential inaccuracies in performance degradation detection algorithms, and the need for 
seamless integration across various EV models pose limitations. Future advancements should focus on enhancing data 
encryption protocols, refining performance monitoring algorithms, and ensuring compatibility across diverse EV platforms to 
overcome these limitations and achieve more effective EV battery performance monitoring and management.  

 
C. Limitations of Previous Work 
The existing landscape of Electric Vehicle (EV) battery management systems (BMS)[1] reveals various innovative solutions 
leveraging IoT technology and mobile applications. However, many of these systems lack comprehensive real- time monitoring 
capabilities and fail to provide timely alerts for critical events such as overheating and fire detection. In contrast, the proposed 
integrated solution offers a holistic approach to EV battery management, providing users with essential insights and proactive safety 
alerts, thus enhancing user convenience and safety. This project aims to bridge the gaps observed in previous works, as highlighted 
in papers such as [1], [3], and [8], by introducing an advanced IoT- based BMS with an Android application for real-time 
monitoring and management of EV battery health.  
 
D. Motivation for Research 
The motivation behind the research and development of "Integrated IoT-Based Battery Management System (BMS) for Electric 
Vehicles" arises from the recognition that effective battery management systems are imperative in maximizing the performance and 
safety of Electric Vehicles (EVs). As the demand for EVs continues to escalate, Innovative solutions are urgently required to address 
battery- related challenges.  
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The proposed system seeks to address this need by offering a comprehensive solution that integrates IoT technology with an 
Android application to monitor and manage EV battery health in real-time. Our motivation stems from a commitment to advancing 
sustainable transportation and ensuring the reliability and safety of EV operations. Through this paper, we aspire to contribute to the 
evolution of electric mobility and promote a greener future.  
 

E. Objectives of Paper 
The main objective is to introduce and elucidate the features and significance of EV Battery Monitoring and Maintenance. The 
paper seeks to:  
1) To develop an IoT device integrated with sensors for comprehensive monitoring of Electric Vehicle (EV) battery health 

parameters, including battery health status, percentage of charge, temperature and fire detection capabilities.  
2) To design and implement a user-friendly Android application that interfaces with an IoT device, prioritizing real-time battery 

metrics visualization and critical alerts for overheating and fire incidents. Special emphasis lies on intuitive system controls for 
efficient management.  

3) To ensure seamless communication and data exchange between the IoT device and the Android application, leveraging wireless 
connectivity technologies such as Wi-Fi or Bluetooth to facilitate reliable and efficient transmission of sensor data and control 
commands.  

4) To conduct rigorous testing and validation of the integrated system to verify its performance, accuracy and reliability under 
various operating conditions, guaranteeing compliance with safety standards and user requirements.  

5) To enhance the user experience by incorporating features such as customization options, historical data analysis, and predictive 
maintenance suggestions and solicit feedback from users to iteratively improve the usability and operational capabilities of the 
system.  

II. METHODOLOGY  
1) Module-1: Requirement Analysis  
Perform an in-depth analysis of user requirements, industry standards and regulatory guidelines related to Electric Vehicle (EV) 
battery management. Define the functional and non-functional requirements of the proposed system, including sensor 
specifications, data visualization features, alert mechanisms and communication protocols.  
 

2) Module-2: Hardware Development  
Design and prototype the IoT device, incorporating sensors for battery health monitoring, percentage of charge measurement, 
temperature sensing and fire detection. Select appropriate microcontrollers and communication modules to facilitate data processing 
and wireless connectivity.  
 
3) Module-3: Software Development  
a) Android Application: Develop a user-friendly Android application with intuitive interfaces for displaying real-time battery 

metrics, setting preferences and receiving alerts. Implement features for seamless communication with the IoT device via Wi-Fi 
or Bluetooth.  

b) IoT Device Firmware: Design and implement firmware for the IoT device to handle sensor data acquisition, processing and 
transmission to the Android application. Develop algorithms for alert generation based on predefined thresholds and safety 
protocols.  

 
4) Module-4: System Integration  
Integrate the hardware components with the software systems to establish a cohesive ecosystem for EV battery health monitoring 
and management. Ensure interoperability, data consistency and reliability through rigorous testing and Public validation procedures.  
 

5) Module-5: Testing and Validation  
a) Functional Testing: Verify the functionality of individual components, including sensor accuracy, data transmission, alert 

generation and user interface responsiveness.  
b) Integration Testing: Validate the integration between the IoT device and the Android application, ensuring seamless 

communication and proper synchronization of data.  
c) Performance Testing: Assess the system's performance under different operating conditions. including battery discharge cycles, 

temperature fluctuations and network connectivity disruptions.  
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d) User Acceptance Testing: Solicit feedback from target users to validate the system’s usability, reliability and effectiveness in 
meeting their needs and expectations.   
 

6) Module-6: Deployment and Evaluation  
Deploy the integrated system in real-world environments, monitoring its performance and user satisfaction over an extended period. 
Collect feedback from users and stakeholders to recognize the areas for improvement and future enhancements.  
Overall, these modules collectively form the basis of figuring out the current, voltage, charge percentages to be notified to the user 
along with the alert notifications to be notified  
 
A. System Architecture 

 
Fig-I System Architecture  

  
The system employs a network of sensors, as seen in Fig-I below, to gather crucial data concerning battery health, encompassing 
metrics such as charge percentage, temperature, and fire detection. This data transmission is facilitated through either Wi-Fi or 
Bluetooth connectivity to an IoT device. Subsequently, the IoT device relays the acquired data to a mobile application for real-time 
visualization. Moreover, the mobile application is equipped to issue alert notifications predicated on the received data. Such an 
architecture enables remote monitoring of battery health, empowering users to undertake pre-emptive measures aimed at averting 
potential issues. This system architecture underscores a proactive strategy towards ensuring the longevity and safety of EV battery 
systems.  
 
B. Block Diagram 
The system architecture, as depicted in Fig-II, encompasses interconnected components meticulously designed to ensure the safe 
and efficient charge of the battery. Commencing with the voltage sensor, it continuously monitors the battery's voltage level to 
prevent overcharging and safeguard longevity. The lithium-ion (Li-ion) battery undergoes rigorous voltage monitoring, ensuring 
adherence to safe operating parameters. The charger transforms Alternating Current (AC) from mains power into Direct Current 
(DC), establishing a reliable power conduit. Within the charging module, the Battery Management System (BMS) regulates 
charging processes based on voltage sensor insights, optimizing efficiency. Complementing the module, the TP4056 chip oversees 
critical charging functions, ensuring precise and controlled operations. The relay governs the connection between the module and 
battery, mitigating risks. Additionally, the Peltier plate dissipates charging heat, enhancing safety. The ESP32 microcontroller 
orchestrates protocols, interfacing with a cloud-based server for data analysis. Integration with an Android app empowers remote 
monitoring and control, enhancing user convenience and oversight.  

 
Fig-II Block Diagram  
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III. RESULT & DISCUSSION  
The integration of an IoT device and an Android application for real-time monitoring and management of Electric Vehicle (EV) 
battery health presents a significant advancement in the field of EV technology. This integrated solution addresses crucial aspects of 
EV battery management, including performance optimization and safety enhancement. One of the primary benefits of this proposed 
system is its ability to provide users with essential insights into the status of their EV batteries in real-time. By leveraging IoT 
technology, users can access crucial information such as battery health, percentage, and temperature remotely, ensuring informed 
decision-making regarding charging and usage patterns. This capability not only improves user convenience but also contributes to 
the efficient utilization of EV batteries, ultimately extending their lifespan. Furthermore, the inclusion of alerts for various battery-
related issues, such as full charge, low battery, overheating, and fire detection, is paramount for ensuring user safety. Timely 
notifications enable users to take prompt actions to mitigate potential risks, thereby preventing hazardous situations and 
safeguarding both the vehicle and its occupants. Moreover, by integrating fire detection mechanisms, this solution goes beyond 
traditional battery management systems, offering an additional layer of protection against rare but critical safety concerns. The user-
centric design of the Android application, characterized by intuitive interfaces and user-friendly features, significantly enhances the 
overall EV experience. By providing seamless access to battery-related information and actionable insights, the application 
empowers users to optimize their usage behaviour and maximize the performance of their EVs. While the proposed solution offers 
numerous benefits, several challenges and avenues for future research also merit consideration. Firstly, the scalability and 
compatibility of the IoT device with various EV models and battery types may require further investigation to ensure widespread 
adoption and interoperability. Additionally, advancements in battery technology and IoT connectivity may present opportunities for 
further enhancing the capabilities and functionalities of the proposed system.  
 
A. Use Cases 
There are two use cases as shown in the Fig-III & IV.  
1) EV Battery App: In this case user can receive alerts on low charge or full charge of battery, battery health can be monitored, 

battery metrics and system are controlled from this app as we seen in below Fig-III.  

 
Fig-III EV-Battery App Use Case 

 
2) IOT Device 
  

 
Fig-IV IOT Device User case 

 
In this case the device collects and transmit data like battery percentage or charge, transmit the data collected for app, it triggers 
alerts and receive commands as seen in Fig-IV.  
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IV. CONCLUSION  
In conclusion, the development of an integrated system for Electric Vehicle (EV) battery health monitoring and management 
presents a significant step forward in enhancing the efficiency, safety and user experience of EV ownership. By combining 
hardware components such as an IoT device with sensors for real-time data acquisition and software elements like an Android 
application for intuitive user interaction, this system offers comprehensive monitoring of battery parameters and timely alerts for 
critical events. Through rigorous testing and validation, the system ensures reliability and accuracy in performance, contributing to 
increased user confidence and satisfaction. Moving forward, further enhancements and refinements to the system, along with 
ongoing collaboration with industry stakeholders, will enable continuous improvement and advancement in EV battery management 
technologies, ultimately supporting the widespread adoption of electric transportation and sustainable mobility solutions.  
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