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ABSTRACT: The widespread adoption of electric vehicles (EVs) is contingent upon the availability of a robust and
efficient Electric Vehicle Supply Equipment (EVSE) ecosystem. This paper explores the development and deployment
of an RFID-based EV charging system integrated with IoT and ThingSpeak for real-time monitoring and data analytics.
The proposed system leverages an RFID reader, Arduino Uno, Wi-Fi module, voltage sensor, and LCD display to
automate and secure the EV charging process. The system ensures controlled access via RFID authentication,
preventing unauthorized usage. Once authenticated, the charging station is activated, and real-time monitoring of
voltage, current, and power consumption is facilitated through IoT integration. Data is transmitted to the ThingSpeak
cloud for remote accessibility, visualization, and historical tracking. The system is designed to detect voltage
fluctuations and issue alerts if necessary, enhancing reliability. Performance evaluations indicate minimal latency in
RFID authentication and IoT data transmission. Future improvements include mobile application integration for remote
control and automated payment processing. This research presents a sustainable and scalable model for EVSE
infrastructure, aligning with India's push towards EV proliferation while addressing challenges related to standards,
ownership models, electricity tariffs, and infrastructure upgrades.

KEYWORDS: Electric Vehicle Supply Equipment (EVSE), RFID Authentication, loT-Based Charging Infrastructure,
ThingSpeak Cloud Monitoring, Smart Grid Integration, Voltage and Power Consumption Analysis, Secure EV
Charging System.

L. INTRODUCTION

The rapid transition towards electric vehicles (EVs) necessitates a well-established Electric Vehicle Supply Equipment
(EVSE) ecosystem to ensure seamless charging infrastructure accessibility. The global push for sustainable mobility
has prompted various nations to deploy diverse approaches to EVSE deployment, focusing on infrastructure
development, policy frameworks, and business models. However, numerous challenges persist, such as standardization
of charging protocols, ownership and operational models, and tariff structures. In India, as the EV market expands,
addressing these challenges is crucial for facilitating the large-scale adoption of EVs. The successful implementation of
an efficient and intelligent EV charging system will play a pivotal role in transforming the transportation sector while
reducing carbon emissions and dependency on fossil fuels.

Traditional EV charging infrastructure relies on manual intervention, lacks real-time monitoring capabilities, and poses
security risks in terms of unauthorized access. The integration of the Internet of Things (IoT) with EVSE can enhance
the efficiency, automation, and monitoring capabilities of the charging process. Additionally, Radio Frequency
Identification (RFID) technology provides a secure authentication mechanism, ensuring that only registered users
access the charging stations. The adoption of cloud-based data logging platforms such as ThingSpeak enables remote
monitoring, data analytics, and performance evaluation of the charging infrastructure. By leveraging these advanced
technologies, a smart and automated RFID-based EV charging system can be developed, addressing key concerns such
as security, real-time monitoring, and energy consumption tracking.

One of the primary concerns in establishing an EVSE ecosystem is the financial and infrastructural burden associated
with grid upgrades, land allocation for public charging stations, and electricity tariff structures. The sustainability of EV
charging business models depends on resolving critical questions: Should utilities, third-party operators, or government
agencies take ownership of charging stations? Should the cost of grid enhancements be borne by EVSE owners or
distributed across utility expansion budgets? The lack of clear regulations and standardization further complicates the
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deployment of a robust charging infrastructure. By implementing an RFID-based EV charging system integrated with
IoT and cloud computing, many of these operational challenges can be mitigated, offering a scalable and intelligent
solution for the widespread adoption of EVs.

The proposed RFID-based EV charging system incorporates an RFID reader, Arduino Uno, Wi-Fi module, voltage
sensor, and an LCD display to enable automated and secure EV charging. The system ensures secure authentication,
real-time monitoring, and cloud-based data storage using ThingSpeak. This research paper aims to explore the
feasibility, design, and implementation of this intelligent charging system while analyzing its performance, security,
and reliability. Additionally, it provides insights into potential enhancements, including mobile application integration
for remote control and payment processing. By addressing the key challenges associated with EVSE deployment, this
study contributes to the development of an efficient and sustainable EV charging ecosystem.

II. RELATED WORK

The development of EV charging infrastructure has been a focal area of research in recent years, with multiple studies
exploring various technologies, business models, and policy frameworks to facilitate large-scale EV adoption.
Researchers have investigated different authentication mechanisms for secure access to charging stations, including
RFID-based, biometric, and mobile application-based authentication systems. RFID technology has emerged as a
reliable and cost-effective solution due to its secure identification process, ease of implementation, and seamless
integration with IoT-based monitoring systems. Studies have demonstrated that RFID-enabled charging stations
enhance security by preventing unauthorized usage while ensuring efficient user management. However, many existing
implementations lack cloud connectivity, limiting remote monitoring and real-time data logging capabilities.

IoT-based smart EV charging systems have gained significant attention due to their ability to monitor, control, and
analyze charging station performance in real time. Several research works have focused on the integration of cloud
platforms such as AWS, Google Firebase, and ThingSpeak for remote data storage and visualization. These studies
highlight the advantages of cloud computing in tracking power consumption, voltage fluctuations, and operational
efficiency. Additionally, various implementations have incorporated mobile applications for user authentication,
payment processing, and scheduling of charging sessions. However, many of these approaches involve complex
architectures, making them difficult to scale and deploy in cost-sensitive regions. In contrast, lightweight IoT
frameworks with RFID authentication provide a more practical and scalable solution for widespread EV charging
infrastructure deployment.

Another area of research has focused on the challenges associated with EVSE deployment, including grid integration,
electricity pricing, and business models for sustainable operations. Several studies have analyzed the impact of high EV
penetration on power grids and the need for advanced load management strategies. Dynamic pricing mechanisms, peak-
hour load balancing, and renewable energy integration have been explored to optimize electricity consumption and
reduce grid stress. Researchers have also examined various ownership models for EVSE, such as utility-owned,
privately owned, and public-private partnership models, each presenting distinct advantages and limitations. While
some studies advocate government-subsidized charging stations for rapid adoption, others emphasize the role of private
enterprises in deploying charging networks through incentivized investment models.

Despite significant advancements in EVSE technology, interoperability remains a critical challenge due to the lack of
standardized communication protocols and charging interfaces. Various international standards, such as CHAdeMO,
CCS, and Bharat EV standards, have been proposed to address compatibility issues, yet discrepancies persist across
different regions. Existing literature has highlighted the importance of developing unified charging protocols to ensure
seamless integration across different EV models and charging networks. The proposed RFID-based EV charging
system aims to address several of these challenges by integrating secure authentication, real-time monitoring, and
cloud-based data analytics in a cost-effective and scalable manner. By leveraging RFID technology and IoT-based
remote monitoring, the system contributes to the development of a robust and efficient EVSE ecosystem.
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III. PROPOSED METHODOLOGY

The proposed RFID-based EV charging system is designed to ensure secure authentication, automated charging
control, and real-time data monitoring using IoT and cloud computing. The system architecture consists of an RFID
reader for user authentication, an Arduino Uno microcontroller for processing inputs, a Wi-Fi module for cloud
connectivity, a voltage sensor for power monitoring, and an LCD display for real-time status updates. The core
objective is to establish a seamless and secure charging mechanism where only authorized users can access the
charging station, and charging data is continuously logged and analyzed for performance tracking. The system
integrates ThingSpeak, a cloud-based IoT analytics platform, to visualize real-time charging parameters and store
historical charging data for further analysis.

Authentication is the first stage of the charging process, where an RFID reader scans the unique identification number
(UID) of an RFID card presented by the user. The system compares this UID against a predefined database of
registered users. If the card is authenticated, the charging session is initiated, and power is supplied to the vehicle. If an
unauthorized RFID card is detected, the system displays an error message and denies access. This authentication
mechanism enhances security by preventing unauthorized charging while ensuring controlled access to the EVSE
infrastructure. The response time for authentication is minimal, ensuring a smooth user experience. Additionally,
multiple RFID tags can be registered in the system, allowing for scalability in multi-user environments.

Once authenticated, the system continuously monitors the charging process, measuring parameters such as voltage,
current, and power consumption in real time. The voltage sensor provides continuous feedback on the charging status,
and the microcontroller processes the data to determine fluctuations or irregularities. The LCD display provides real-
time updates, including charging time elapsed, energy consumed, and authentication status. Simultaneously, the
collected data is transmitted via the Wi-Fi module to ThingSpeak, enabling remote monitoring and historical data
analysis. The cloud platform visualizes charging patterns through real-time graphs, allowing users and system
administrators to track power usage, detect anomalies, and optimize charging efficiency.

The integration of IoT with the EV charging system ensures real-time connectivity and enhances system reliability. The
system can be further improved by incorporating additional sensors such as current sensors to enhance power
consumption accuracy. Future enhancements may also include mobile application support for remote monitoring and
payment integration, allowing users to control charging sessions, receive alerts, and manage their charging accounts
through a smartphone interface. Additionally, the system can be expanded to support dynamic pricing models, where
users are charged based on time-of-use electricity rates, optimizing grid load distribution. By leveraging RFID
authentication, IoT connectivity, and cloud-based data analytics, this methodology presents a scalable and efficient
solution for secure EV charging infrastructure deployment.

IV. PROPOSED SYSTEM WORKING
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The proposed RFID-based EV charging system follows a structured operational flow to ensure secure and efficient
energy management. The process initiates with RFID authentication, wherein the user scans their assigned RFID card
at the charging station. The microcontroller verifies the credentials and grants access upon successful validation.
Unauthorized access attempts are denied, and an error message is displayed on the LCD screen.

Once authentication is completed, the charging process commences, and real-time voltage monitoring begins. The
voltage sensor continuously captures data, ensuring that power levels remain within the prescribed range. The system
logs session data, including voltage, current, power consumption, and charging duration, and transmits this information
to the ThingSpeak cloud. The integration with ThingSpeak allows stakeholders to visualize real-time data trends and
analyze historical charging patterns.

The system incorporates automated safety measures to prevent potential hazards. If the detected voltage fluctuates
beyond a predefined threshold, an alert is triggered, notifying the administrator of possible grid instabilities. The Wi-Fi
module ensures seamless communication between the hardware components and the cloud platform, enabling real-time
data updates. The integration of RFID-based access control with IoT-driven monitoring establishes a secure and
scalable framework for EVSE deployment.

V. WORKFLOW

The workflow of the RFID-based EV charging system is structured as follows:
1. The user scans their RFID card at the charging station, triggering the authentication process.
2. The microcontroller validates the RFID tag against the stored database.
3. Upon successful authentication, the charging station is activated, and power is supplied to the EV.
4. The voltage sensor captures real-time power readings, which are displayed on the LCD screen and transmitted
to the ThingSpeak cloud.
If any anomalies, such as voltage fluctuations, are detected, an alert is triggered.
The user can monitor their charging session remotely through the ThingSpeak dashboard.
7. The system logs historical data for future analysis and optimization.

AN D

VI. CONCLUSION

The RFID-based EV charging system with [oT and ThingSpeak integration offers a secure, automated, and real-time
monitored solution for EVSE infrastructure. The integration of RFID authentication ensures controlled access, while
IoT-based cloud monitoring facilitates efficient data management and remote supervision. The system demonstrates
reliable performance in authenticating users, monitoring charging sessions, and logging real-time data with minimal
latency. Future enhancements, including mobile app integration and automated billing mechanisms, can further
improve system efficiency and user convenience. The proposed solution contributes to the advancement of sustainable
EVSE ecosystems, aligning with India's EV adoption goals while addressing key infrastructural and operational
challenges.
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