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ABSTRACT 

The traditional attendance management system used in educational institutions is often time-

consuming, error-prone, and vulnerable to proxy attendance. To address these challenges, this 

paper presents an RFID-based automated attendance system integrated with IoT using the 

ESP32 microcontroller. In the proposed system, each student is assigned a unique RFID tag, 

which is scanned by an RFID reader to capture attendance data. The ESP32 processes the tag 

information and transmits it to a cloud-based database via Wi-Fi using HTTP or MQTT 

protocols. 

The system enables real-time attendance tracking, secure data storage, and easy access 

through a web or mobile interface. Compared to conventional methods, the proposed solution 

significantly reduces manual effort, improves accuracy, and minimizes chances of 

manipulation. Experimental results show enhanced efficiency, faster processing time, and 

reliable performance in real-time environments. This system contributes to the development 

of smart classrooms by providing an automated, scalable, and cost-effective attendance 

management solution. 

 

INTRODUCTION 

Attendance tracking is a critical component of the educational process, as student 

engagement levels are directly linked to academic performance and institutional discipline 

[1]. In most educational institutions, the traditional method of recording attendance relies on 

manual roll calls and paper-based signing [2]. These conventional systems are increasingly 

viewed as obsolete due to their inherent inefficiencies. Manual processes are notoriously 

time-consuming, often leading to significant instructional time wastage during the marking 

 

International Journal Advanced Research 

Publications 

 

www.ijarp.com     ISSN 2456-9992          Page: 01-08 

 

 

Review 

Article 

 
Volume: 02 

Issue: 06 
 

Article Received: 6 May 2026, Article Revised:  26 May 2026, Published on: 16 June 2026 

*Corresponding Author: Prof. P.L. Rahinj  

Guide, Department of Computer Engineering, RGCOE, SPPU, Parner, Maharashtra, India. 

Doi: https://doi-doi.org/101555/ijarp.2118   

 

http://www.ijarp.com/
http://www.ijarp.com/
https://doi-doi.org/101555/ijarp.2118


                                                                                  International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                       
       2 

 

period [2], [3]. Furthermore, paper-based systems are highly susceptible to human errors, data 

mismanagement, and "proxy attendance," where students unlawfully sign for absent peers 

[2], [4]. The potential for forged documentation and the physical loss of attendance sheets 

further compromise the reliability of institutional records [2], [3]. 

To address these challenges, Radio-Frequency Identification technology offers a robust 

alternative for automated identification. RFID systems function through electromagnetic 

fields to transfer data between a tag typically embedded in a student ID card—and a reader 

[5]. When a student flashes their card at the reader, the system automatically registers their 

unique identification number without physical contact [3]. By integrating this technology 

with the Internet of Things, the captured data can be transmitted in real-time over a global 

network architecture to a centralized database [3], [5]. This IoT-driven approach allows for 

instantaneous data synchronization and remote monitoring via web or mobile applications 

[4], [5]. 

The motivation for this research stems from the ongoing digital transformation in modern 

education and the shift toward "smart classrooms" [5], [6]. Automation is essential to 

streamline administrative tasks and ensure data integrity in high-density environments [3], 

[4]. Consequently, this study aims to develop a cost-effective, automated attendance system 

that enhances accuracy and efficiency while enabling real-time monitoring and secure data 

storage. The scope of this system encompasses its deployment in schools, colleges, and 

corporate organizations, providing a scalable solution that integrates seamlessly with existing 

digital management infrastructures. 

 

Literature Review 

The evolution of attendance management has led to the development of various automated 

systems designed to replace inefficient manual processes. Research into Radio-Frequency 

Identification systems has demonstrated their capability for real-time data processing and 

cloud integration, allowing for immediate attendance updates and remote monitoring [3], [7]. 

In contrast, biometric-based systems, such as fingerprint and iris recognition, have been 

extensively explored for their high verification accuracy [8], [9]. Furthermore, recent 

advancements in computer vision have facilitated the rise of face recognition-based 

attendance tracking, which offers a non-contact alternative but remains sensitive to 

environmental variables like lighting and facial expressions [10], [11]. 

A comparative analysis of these technologies reveals significant trade-offs in terms of 

performance and cost. RFID technology is notably faster than traditional and barcode 
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methods; for instance, recording attendance for 100 students takes approximately 20 seconds 

with RFID, compared to 200 seconds for barcodes and 1,000 seconds for manual entry [12]. 

While biometric systems provide superior security, they are often characterized by higher 

hardware costs and slower processing speeds due to the need for serial verification [9], [13]. 

Face recognition systems, while efficient for large groups, require expensive high-definition 

cameras and significant computational power, making them less accessible for institutions 

with limited budgets [10], [13]. 

Despite the advancements, several research gaps persist in existing literature. Biometric and 

facial recognition systems face significant hurdles regarding privacy and the ethical storage 

of sensitive personal data [10], [14]. Additionally, many biometric implementations suffer 

from scanning errors and high maintenance requirements [14]. A critical limitation in many 

current systems is the lack of seamless IoT integration, which results in static data that cannot 

be accessed or updated in real-time across decentralized networks [3], [15]. These 

interoperability issues often lead to system failures and prevent effective decision-making by 

institutional administrators [15]. 

The proposed RFID-based automated attendance system using IoT is justified as a balanced 

solution that addresses these limitations. RFID offers a low-cost, high-speed, and easily 

deployable infrastructure compared to complex biometric systems [3], [13]. By integrating 

IoT, the system overcomes the lack of real-time data accessibility, ensuring that attendance 

records are synchronized instantly with a centralized cloud database [3], [7]. This framework 

not only maintains data integrity and prevents manual errors but also provides a scalable 

architecture suitable for modern educational environments [4]. 

 

METHODOLOGY 

The methodology for the proposed RFID-based automated attendance system is structured 

around a three-tier architecture: the Hardware Layer, the Communication Layer, and the 

Application Layer. This design ensures seamless integration between physical identification 

and digital record-keeping. 

System Overview and Hardware Methodology 

The system begins with the Hardware Layer, consisting of passive RFID tags, an RFID 

reader (typically the MFRC522 module), and a microcontroller such as the NodeMCU or 

Arduino [3], [5]. Each student is issued a unique RFID tag containing a specific 10-digit UID 

[5]. The RFID reader utilizes electromagnetic induction to power the passive tag when it 

enters the proximity of the reader's antenna, facilitating the extraction of the UID without 
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physical contact [2], [7]. The NodeMCU is selected for its integrated Wi-Fi capabilities, 

which eliminate the need for additional communication modules to reach the internet [3]. 

 

Step-by-Step Working and Data Flow 

The operational sequence follows a logical flow from data capture to cloud storage: 

1. Tag Detection: The student swipes their RFID tag near the reader. 

2. UID Extraction: The reader captures the tag's unique ID and passes it to the 

microcontroller via the Serial Peripheral Interface. 

3. Real-Time Transmission: The microcontroller initiates an IoT-driven communication 

sequence, typically using HTTP POST requests or the MQTT protocol, to transmit the 

UID to a remote server [3], [4]. 

4. Verification and Storage: The server-side script (e.g., PHP) receives the UID and 

queries a centralized SQL or NoSQL database to verify student credentials [4], [7]. 

5. Timestamping: If a match is found, the system records the current date and time, 

marking the student as "Present." 

6. User Interface Update: The updated attendance status is instantly reflected on a web-

based or mobile dashboard for administrative review [4], [5]. 

 

Attendance Marking Algorithm 

The logic governing the attendance marking process is summarized in the following pseudo-

code: 

BEGIN 

  Initialize RFID Reader and Wi-Fi Connection 

  WHILE DO: 

    IF THEN: 

      Read Tag_UID 

      Establish Connection to Cloud Server 

      Send Tag_UID and Device_ID via HTTP/MQTT 

      IF (Server Response == "Valid") THEN: 

        Update Database with Timestamp 

        Display "Success" on Local Interface 

      ELSE: 

        Display "Invalid Card" or "Duplicate Entry" 

      END IF 

http://www.ijarp.com/
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    END IF 

  END WHILE 

END 

 

 

Software Methodology and System Architecture 

 

Figure 1. System architecture diagram. 

 

The Software Layer manages the backend and frontend operations. The backend handles API 

communication between the microcontroller and the database, ensuring data integrity during 

high-volume periods [4]. The frontend consists of a user dashboard built using 

HTML/CSS/JavaScript, allowing educators to generate reports and track attendance trends in 

real-time [7]. This architecture—moving from Tag to Reader, then Microcontroller to Cloud, 

and finally to the User Interface—creates a scalable framework suitable for deployment in 

various institutional environments [3], [4]. 

 

Future Scope 

The future development of the RFID-based attendance system aims to enhance security and 

operational intelligence through multi-modal biometric integration. Future iterations may 

combine RFID with facial recognition or iris scanning to eliminate proxy attendance and 

provide a robust multi-factor verification layer [16], [17]. Integrating machine learning 

algorithms will further enable predictive analytics, allowing institutions to analyze attendance 

patterns and student engagement trends for proactive administrative decision-making [1], 

[18]. 
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To ensure global accessibility and scalability, the system will transition toward cloud-based 

architectures—such as AWS or Azure—facilitating seamless data management across 

expansive institutional networks [17], [19]. The development of dedicated mobile 

applications will provide real-time dashboards for administrators, while automated 

notification modules via SMS or WhatsApp will enhance communication between 

institutions and stakeholders [3], [18]. Furthermore, the incorporation of GPS-based location 

tracking will enable precise attendance monitoring across large-scale campuses and field-

based activities [20]. 

From a security perspective, future research will implement advanced encryption schemes, 

such as hyperchaotic or adaptive encryption, to protect sensitive data during IoT transmission 

[19], [21]. Ultimately, this system can be integrated into a comprehensive "Smart Campus" 

framework, connecting attendance data with smart classroom environmental controls and 

library management systems to foster a fully interconnected educational ecosystem [3], [6]. 

 

CONCLUSION 

In conclusion, this research successfully implemented an RFID-based automated attendance 

system integrated with IoT technology to modernize institutional record-keeping. The system 

effectively eliminates the inefficiencies of traditional manual methods by providing a 

seamless, contactless identification process. Key outcomes include a significant reduction in 

administrative workload, improved data accuracy, and the enablement of real-time attendance 

monitoring through centralized cloud synchronization. By mitigating common issues such as 

human error and proxy attendance, the system fosters a more disciplined and transparent 

educational environment. The implementation of this technology is a vital step toward the 

realization of smart classrooms and broader digital transformation in education. Ultimately, 

the developed system offers a reliable, efficient, and scalable solution suitable for schools, 

universities, and corporate organizations, ensuring long-term sustainability and enhanced 

operational performance in attendance management 
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