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Abstract: Face recognition technology has become an efficient and secure method for automated attendance systems. Traditional 
attendance methods such as manual registers and RFID cards are time-consuming and prone to proxy attendance. This paper 
presents the design and implementation of a Face Recognition Attendance System using an ESP32-CAM module, display unit, and 
buzzer. The system captures the facial image of a person through the ESP32-CAM camera and compares it with the stored 
database using a face recognition algorithm. When a registered face is detected, the system automatically records the attendance 
and displays the person's name on the display module. A buzzer provides an audio indication confirming successful 
authentication. If the face is not recognized, the system denies access and generates a different alert signal. The attendance data 
can also be stored or transmitted to a connected server for monitoring and record keeping. The proposed system is compact, low-
cost, and easy to implement, making it suitable for applications in educational institutions, offices, and secure workplaces. By 
eliminating manual processes and preventing proxy attendance, the system improves accuracy, efficiency, and security in 
attendance management. 
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I. INTRODUCTION 
Attendance management plays a vital role in educational institutions, offices, and many other organizations where monitoring the 
presence of individuals is necessary. Maintaining accurate attendance records helps institutions track participation, improve 
discipline, and evaluate performance. Traditionally, attendance has been recorded manually using paper registers or sign-in sheets. 
Although this method has been used for many years, it has several limitations such as time consumption, human errors, data 
manipulation, and the possibility of proxy attendance. Teachers or administrators often spend valuable time recording and 
verifying attendance, which could otherwise be used for more productive tasks. 
With the rapid advancement of technology, automated attendance systems have been introduced to overcome these challenges. 
These systems use modern technologies such as biometric authentication, radio frequency identification (RFID), smart cards, and 
mobile applications to record attendance automatically. Among these technologies, biometric-based systems have gained 
significant popularity because they rely on unique physical characteristics of individuals, making them more reliable and secure 
compared to traditional methods. Face recognition is one of the most widely used biometric technologies for identification and 
authentication. It works by analyzing and comparing facial features captured through a camera with stored facial data in a database. 
Every human face has unique characteristics such as the distance between the eyes, shape of the nose, contour of the face, and 
other facial landmarks. These unique features allow the system to differentiate one person from another. Face recognition systems 
have been widely used in various applications including security systems, mobile phone authentication, surveillance, access 
control, and attendance management. One of the major advantages of face recognition technology is that it is a contactless method 
of identification. Unlike fingerprint or iris scanners, which require users to physically interact with a device, face recognition 
systems can identify individuals from a distance using a camera. This makes the system more convenient, hygienic, and faster, 
especially in environments where a large number of people need to be identified in a short period of time. Contactless systems also 
reduce wear and tear on devices and minimize maintenance requirements. 
In recent years, the development of embedded systems and IoT technologies has enabled the creation of smart and cost-effective 
automated systems. These systems can be integrated with sensors, cameras, and communication modules to create intelligent 
applications. The integration of embedded systems with biometric technologies has opened new possibilities for smart attendance 
monitoring solutions. 
The ESP32 microcontroller is one of the most popular embedded platforms used for developing IoT and smart device applications. 
It is a powerful and affordable microcontroller developed by Espressif Systems, featuring built-in Wi-Fi and Bluetooth 
connectivity, high processing speed, and multiple input/output pins for connecting various peripherals. The ESP32 is widely used 
in applications such as smart home systems, environmental monitoring, industrial automation, and security systems. 
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A special variant known as the ESP32-CAM module includes an integrated camera, which makes it particularly suitable for image 
processing and face recognition applications. This module is capable of capturing images and performing basic image processing 
tasks while maintaining low power consumption. The ESP32-CAM also supports external storage and communication with other 
devices, enabling real-time data transmission and monitoring. 
The combination of ESP32 technology and face recognition algorithms provides an efficient platform for developing an automated 
attendance system. Such a system can capture the image of a person, analyze facial features, compare them with stored data, and 
mark attendance automatically without manual intervention. This not only saves time but also ensures higher accuracy and 
reliability. 
The Face Recognition Attendance System proposed in this project uses an ESP32 camera module to capture facial images of 
individuals. When a person stands in front of the camera, the system detects the face and compares it with a database of registered 
faces. If the face matches an existing record, the system marks the attendance automatically. This process happens within a few 
seconds, making the system highly efficient for real-time attendance tracking. 

 
II. LITERATURE REVIEW 

Face recognition technology has become an important biometric method for automated attendance systems due to its accuracy, 
reliability, and non-contact nature. Traditional attendance systems based on manual registers, RFID cards, or fingerprint sensors 
often suffer from issues such as proxy attendance, time consumption, and hygiene concerns. As a result, researchers have proposed 
several automated attendance systems using image processing and embedded hardware. Several studies have explored the use of 
face recognition with microcontrollers and IoT devices. A study on an ESP32-CAM based attendance management system 
demonstrated that the microcontroller can capture real-time images and recognize faces using algorithms such as Haar Cascade and 
Principal Component Analysis (PCA). The recognized face is compared with stored images, and the attendance is automatically 
recorded in a centralized database. This system improves accuracy and reduces manual work in attendance management.  
IJRASET 
Another research proposed a microcontroller-based face recognition attendance system using ESP32-CAM with wireless 
connectivity. In this system, facial images of students are stored in the internal memory of the ESP32-CAM module. When a person 
stands in front of the camera, the system detects and compares the face with stored data and sends the attendance information to a 
remote database through Wi-Fi. This approach provides an efficient and low-cost solution for educational institutions and 
organizations.  
Journal 
Recent research on IoT-based attendance systems shows that integrating ESP32-CAM with web databases enables real-time 
attendance monitoring and remote access to records. Such systems can also display messages like “Attendance Recorded” on an 
LCD or OLED display and provide feedback through indicators such as buzzers or LEDs. These features improve user interaction 
and confirm successful recognition.  
IJRASET 
A bibliometric analysis of research trends between 2019 and 2024 revealed that facial recognition attendance systems are becoming 
increasingly popular in smart education environments. The research trend indicates growing interest in combining deep learning, 
IoT devices, and embedded systems to build efficient and automated attendance solutions.  
Journal ISB Atma Luhur. 

III. METHODOLOGY 
1) The ESP32-CAM module is used as the main hardware component for capturing images and processing facial recognition. 
2) The ESP32-CAM camera captures the live face images of students or users when they stand in front of the device. 
3) The captured images are processed using a face detection and recognition algorithm stored in the ESP32 memory. 
4) The system compares the detected face with the pre-stored facial dataset to identify the authorized user. 
5) If the face matches with the stored database, the system marks attendance automatically in the monitoring system. 
6) The attendance data can be stored or transmitted to a server or local database for record maintenance. 
7) A Piezo Buzzer is connected to the ESP32-CAM to provide an audio alert during successful or unsuccessful recognition. 
8) When a valid face is recognized, the buzzer gives a short beep indicating successful attendance marking. 
9) If an unknown face is detected, the system does not register attendance and may trigger a warning beep. 
10) The entire system works as a real-time hardware-based attendance monitoring solution, improving accuracy and reducing 

manual effort. 
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IV. EXISTING SYSTEM 
In many educational institutions and organizations, attendance monitoring is still carried out using traditional or semi-automated 
methods. The most commonly used system is the manual attendance register, where teachers or supervisors record the presence of 
students or employees on paper.  
Although this method is simple to implement, it has several limitations. Manual attendance recording consumes valuable time 
during class or working hours. In large classrooms, verifying the presence of every individual takes significant effort and may 
interrupt the normal teaching process. Additionally, manual systems are prone to human errors such as incorrect marking, duplicate 
entries, or missing records. 
Another commonly used approach is the RFID-based attendance system. In this system, each user is provided with an RFID card 
which must be scanned at an RFID reader to mark attendance. While this method reduces manual work, it still has certain 
drawbacks. Users may forget their RFID cards, lose them, or intentionally give them to another person to mark attendance on their 
behalf. This leads to the problem known as proxy attendance, which reduces the reliability and accuracy of the system. 
Similarly, biometric attendance systems, such as fingerprint-based systems, have been widely implemented in offices and 
institutions. These systems require users to place their finger on a fingerprint scanner for identity verification. Although biometric 
systems improve accuracy compared to manual methods, they also face several challenges. The fingerprint sensors may fail to 
recognize users due to dirt, moisture, cuts, or improper finger placement. In addition, when many users attempt to mark attendance 
simultaneously, long queues can form, causing delays and inconvenience. 
In recent years, software-based face recognition systems have been developed using computer vision technologies such as OpenCV. 
These systems use cameras connected to computers to capture images and compare them with stored facial data for identification. 
While these solutions provide contactless authentication and reduce proxy attendance issues, many of them rely on high-
performance computers and continuous internet connectivity.  
This increases the overall system cost and power consumption. Moreover, some existing systems require complex setup, including 
dedicated servers and high-resolution cameras. 
Another limitation of many existing systems is the lack of real-time hardware integration. Most software-based attendance systems 
are designed for desktop environments and may not be suitable for small-scale or low-cost deployments. They may also require 
manual supervision or periodic maintenance to ensure proper functioning. 
Furthermore, existing systems often do not provide immediate feedback to users during the attendance process. For example, if a 
face is not recognized or if the attendance is successfully recorded, the user may not receive a clear indication. This can lead to 
confusion and repeated attempts to mark attendance. 
Due to these limitations, there is a need for a low-cost, automated, and reliable attendance monitoring system that can operate 
efficiently with minimal hardware resources. The integration of embedded devices such as the ESP32-CAM with additional 
components like a Piezo Buzzer can provide a compact and efficient solution. Such systems aim to overcome the drawbacks of 
traditional attendance methods by offering real-time face recognition, reduced human intervention, improved accuracy, and 
immediate feedback during attendance marking. 
 

V. PROPOSED SYSTEM 
The proposed system is a hardware-based face   recognition attendance monitoring system designed using the ESP32-CAM module, 
a compact microcontroller with an integrated camera and Wi-Fi capability. The system captures real-time images of individuals 
standing in front of the camera and processes them using face detection and recognition algorithms. During the enrollment stage, 
facial images of authorized users are stored in the system database.  
When a person appears in front of the camera, the captured image is compared with the stored facial dataset to identify the user. 
Once the face is successfully recognized, the system automatically records the attendance along with the timestamp. The attendance 
information can be stored locally or transmitted through Wi-Fi to a database or cloud platform for monitoring and record 
management.  
Additionally, a Piezo Buzzer is integrated to provide an audio indication when attendance is successfully marked attendance 
monitoring solution.  
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VI. BLOCK DIAGRAM 
 

 
Fig 1- Block diagram 

 
VII. SYSTEM DESIGN 

 

 
Fig 2- System design 

 
VIII. HARDWARE MODEL 

 
Fig 3- Prototype 
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IX. RESULT & DISCUSSION 
The face recognition attendance system using the ESP32 hardware was successfully developed and tested. The system captures 
images through the camera module and processes them to detect and recognize registered faces. When a registered person appears in 
front of the camera, the system automatically identifies the face and records the attendance, which is displayed on the connected 
screen.  
The results show that the system works effectively in real-time and reduces the need for manual attendance methods. It also 
minimizes errors and prevents proxy attendance. The wireless capability of the ESP32 allows easy data transfer and integration with 
IoT platforms. 
 However, the accuracy of the system may depend on lighting conditions, camera positioning, and facial changes such as masks or 
accessories. Overall, the developed system provides a low-cost, efficient, and reliable solution for automated attendance 
management in educational institutions and organizations. 
 

X. CONCLUSION 
The face recognition attendance monitoring system provides an efficient and automated solution for recording attendance in 
educational institutions and workplaces. Traditional attendance methods such as manual registers, RFID cards, and fingerprint 
scanners have several limitations including time consumption, proxy attendance, and maintenance issues. To overcome these 
problems, the proposed system uses the ESP32-CAM module to capture and recognize facial images of individuals in real time. 
The system automatically identifies registered users and records their attendance without the need for physical contact or manual 
intervention. The integration of a Piezo Buzzer provides an instant audio indication to confirm successful or unsuccessful 
recognition. This improves user interaction and ensures that the attendance process is clear and reliable. 
Overall, the proposed hardware-based system offers a low-cost, compact, and accurate attendance monitoring solution. It reduces 
human errors, prevents proxy attendance, and saves valuable time. Therefore, the system can be effectively implemented in schools, 
colleges, offices, and other organizations for secure and efficient attendance management. 
 

XI. FUTURE SCOPE 
 The face recognition attendance monitoring system using an ESP32 controller, camera module, and display can be further improved 
with several advanced features in the future. One of the main improvements is integrating the system with cloud storage so that 
attendance data can be automatically stored and accessed from anywhere. This will allow teachers or administrators to monitor 
attendance remotely through web or mobile applications. 
Another future enhancement is the addition of real-time notification systems. When a student or employee marks attendance, the 
system can send instant notifications through mobile apps or email. This improves communication and ensures transparency in 
attendance monitoring. 
The project can also be expanded by integrating Artificial Intelligence (AI) and Machine Learning (ML) techniques under the field 
of Computer Vision to improve the accuracy and speed of face recognition. Advanced algorithms can help the system recognize 
faces even with changes in lighting, facial expressions, or partial occlusions such as masks. 
In addition, the system can be connected with IoT platforms so that multiple attendance devices installed in different locations can 
be managed from a central server. This would make the system suitable for large institutions, offices, and organizations. 
Another possible extension is adding liveness detection to prevent spoofing attempts using photos or videos. This will increase the 
security and reliability of the attendance system. 
Finally, the system can be integrated with automatic report generation, biometric databases, and institutional management software 
to produce daily, weekly, and monthly attendance reports. These improvements will make the system more efficient, scalable, and 
suitable for real-world applications in educational institutions and workplaces. 
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