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Aims: The rise of automation has greatly impacted various aspects of daily life, including 
attendance management systems. Traditional methods like manual roll calls and card 
swiping are often inefficient and prone to errors, leading researchers to explore innovative 
alternatives such as face recognition technology. This technology employs advanced 
algorithms and image processing techniques to accurately identify individuals based on their 
unique facial features, thereby enhancing accuracy and security measures. The objective of 
this project is to develop a face recognition-based attendance system with specific goals, 
including circuit design, simulation using Proteus Software, implementation, and 
performance evaluation through rigorous field-testing. 
Study design:The system comprises an input subsystem with a Camera module and two 
output subsystems: an LCD and a Web-database PC software. Initially, custom and stored 
image data of students are saved in a microSD card of the camera module, and attendance 
records are updated on a web-database upon successful scanning and recognition of 
students' faces. 
Methodology:The implementation process involves assembling various hardware 
components, including securely mounting the ESP32 CAM and integrating a 16x4 Character 
LCD Display for visual feedback. LEDs are used as visual indicators for system statuses, 
while a Power Bank Module ensures consistent power supply. The system is controlled by 
the ESP32-CAM, which captures and verifies faces, displays actions on the LCD, and 
updates the web-database with attendance data.  
Results:Testing results indicate the system's high accuracy, achieving a 100% attendance 
rate across multiple class sessions with zero misclassifications. 
Conclusion:The user-friendly interface and seamless wireless connectivity enhance 
accessibility and real-time monitoring, making it a valuable tool for classroom 
management and office use. The research has some hardware limitations which 
includes processing large amounts of facial data requires robust hardware. Inadequate 
camera resolution or processing power can lead to slow performance or inaccurate 
recognition. Overall, the face recognition-based attendance system has the potential to 
revolutionize traditional methods, offering high accuracy, user-friendly features, and 
robust connectivity, with possible applications beyond education through further 
refinement and research.Facial recognition-based attendance systems are more 
accurate and efficient than traditional methods like manual roll calls or card swiping. By 
automating attendance, they reduce errors and provide real-time updates with web 
integration. Despite hardware limitations, the system's accuracy and ease of use make it 
a superior alternative with potential for broader applications. 
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1. INTRODUCTION 14 
 15 
The evolution of automation has reshaped numerous aspects of our daily lives, including 16 
attendance management systems. Traditional methods of attendance tracking, such as 17 
manual roll calls or card swiping, are often cumbersome and time-consuming. In response to 18 
these challenges, researchers have explored innovative solutions, with face recognition 19 
technology emerging as a promising alternative. Face recognition technology, a subset of 20 
biometric identification systems, offers several advantages over conventional methods. By 21 
leveraging sophisticated algorithms and image processing techniques, these systems can 22 
accurately identify individuals based on their unique facial features. This technology not only 23 
enhances accuracy and efficiency but also improves security measures. 24 
The development of a face recognition-based attendance system addresses the limitations 25 
of existing practices in educational institutions and other organizations. Manual attendance 26 
taking disrupts class time and burdens teachers and students administratively. Additionally, 27 
traditional biometric systems may still face issues like long queues and registration 28 
processes. To address these challenges, researchers aim to design a project for an 29 
automatic attendance system based on face recognition. This endeavor involves leveraging 30 
advanced image processing algorithms techniques to create an efficient and user-friendly 31 
attendance management system. 32 
Key components of the project include robust face detection algorithms, feature extraction 33 
techniques, and classification models based on distance metrics and machine learning 34 
algorithms. By continuously updating and refining facial recognition models, the project can 35 
adapt  to  variations  in  facial  appearance  and  environmental  conditions,  ensuring  36 
optimal performance in diverse settings. The significance of this research lies in its potential 37 
to revolutionize attendance management practices in various sectors. A face recognition-38 
based attendance system promises to streamline administrative tasks, enhance security 39 
measures, and provide valuable insights into attendance patterns and trends. Hence, 40 
through rigorous experimentation and evaluation, this study aims to validate the 41 
effectiveness, efficiency, and usability of the face recognition-based attendance system.  42 
Traditional student attendance marking technique is often facing a lot of trouble. The face 43 
recognition student attendance system emphasizes its simplicity by eliminating classical 44 
student attendance marking technique such as calling student names or checking respective 45 
identification cards. There are not only disturbing the teaching process but also causes 46 
distraction for students during exam sessions, apart from calling names, attendance sheet is 47 
passed around the classroom during the lecture sessions. The lecture class especially the 48 
class with a large number of students might find it difficult to have the attendance sheet 49 
being passed around the class. Thus, face recognition attendance system is proposed in 50 
order to replace the manual signing of the presence of students which are burdensome and 51 
causes students get distracted in order to sign for their attendance. Furthermore, the face 52 
recognition based automated student attendance system able to overcome the problem of 53 
fraudulent approach and lecturers do not have to count the number of students several times 54 
to ensure the presence of the students 55 

The importance of maintaining regular attendance in educational institutions and the 56 
inefficiencies of traditional attendance management methods was enumerated according to 57 
[1]. A computer-based attendance management system utilizing Computer Vision technology 58 
as a solution was proposed to address these issues. The advantages of using Computer 59 
Vision technology, including cameras, sensors, and algorithms, to capture images of 60 
students during class and automatically recognize and mark their attendance using facial 61 
recognition technology was highlighted, this approach offers several benefits over traditional 62 
methods, including increased speed and accuracy, real-time updates on attendance status, 63 
and the ability to generate attendance reports. 64 



 

Face recognition-based attendance system to address the challenges of managing student 65 
participation in large classes according to [2]. Traditional attendance systems are prone to 66 
errors and time-consuming data entry processes. Real-time face recognition offers a 67 
practical solution for efficiently managing attendance in educational settings. The system 68 
utilizes facial biometrics to recognize students' faces and mark their attendance. Facial 69 
recognition technology leverages the unique characteristics of each person's face, ensuring 70 
accurate identity tracking with minimal risk of duplication or error. The project aims to 71 
enhance the efficiency and effectiveness of current attendance systems in educational 72 
institutions. This conference paper highlights the potential of facial recognition technology to 73 
streamline attendance management processes and improve overall system performance. 74 
A novel approach for developing a facial recognition-based attendance system using deep 75 
learning techniques was presented in [3], specifically the HOG algorithm and Dlib library. 76 
The proposed system utilizes deep learning to extract facial features, enhancing accuracy 77 
and robustness in face recognition. The system follows a two-stage process: first, facial 78 
features are extracted using the HOG algorithm, and then a neural network based on deep 79 
learning is employed for facial identification. 80 
Experimental evaluations conducted on real-world image datasets demonstrate the system's 81 
excellent accuracy and efficiency in facial recognition and attendance recording. Moreover, 82 
the system is shown to be resilient to changes in lighting, position, and facial expression. By 83 
automating attendance recording and improving accuracy and efficiency, the proposed 84 
system has the potential to revolutionize existing attendance management systems. 85 
Development a facial recognition attendance system within a tight deadline in [4] outlines the 86 
challenges faced and innovative solutions devised during the project's inception. The project 87 
stemmed from  a  collaboration  between  Elsayed  and  Fituri,  engineers with  a  vision  to  88 
streamline attendance management. They aimed to replace traditional attendance systems 89 
with a cloud- based facial recognition solution. The venture's success relied on delivering a 90 
working prototype within  30  days  to  Regency  Group  Holding  (RGH), Qatar's  largest  91 
real  estate company. 92 
The requirements were clear: a highly available device for registration, a cloud system for 93 
facial recognition,  and  a live dashboard for event  visualization.  Despite limited  resources  94 
and expertise, the duo embarked on the ambitious task. The backend infrastructure was 95 
adapted from existing systems, leveraging networking configurations, deployment cycles, 96 
and database schemas. The AI model, based on a custom implementation of FaceNet, was 97 
instrumental in recognizing faces and generating embeddings for comparison. The 98 
comparison process involved cosine similarity and euclidean distance functions to identify 99 
matching faces from a database. The project also entailed the development of a mobile 100 
application using ReactNative. The application aimed for seamless user experience, 101 
prioritizing accuracy and speed in event capture and employee registration. 102 
Elsayed and Fituri reflect on the challenges faced during the project, acknowledging the risks 103 
associated with such ambitious endeavors. However, their commitment to innovation and 104 
resourcefulness enabled them to overcome obstacles and deliver a successful product 105 
within the stipulated timeframe. Overall, the article serves as a testament to the power of 106 
perseverance and innovation in tackling complex technical challenges. 107 
A face recognition-based attendance system designed to mark the presence of individuals, 108 
record entry time, and generate attendance reports in Excel format [5]. The system, 109 
developed by researchers from the Department of Informatics at the University of Tetova, 110 
utilizes facial features for recognition, employing libraries, models, and Machine Learning 111 
algorithms for face detection, training, and recognition. Python programming language is 112 
utilized for system development, with CSS employed for interface design. Professors have 113 
access to register new students, create courses, and obtain attendance reports from the 114 
system [6 - 17]. 115 
The research addresses face recognition technology, categorizing approaches into feature-116 
based and holistic approaches. The system addresses issues with traditional attendance 117 



 

methods, offering real-time and accurate attendance tracking while ensuring data security. 118 
By automating attendance processes, the system aims to improve efficiency and minimize 119 
errors compared to manual methods. Overall, the research highlights the benefits of using 120 
face recognition technology  for attendance management, emphasizing its role in 121 
streamlining organizational processes and enhancing efficiency within educational 122 
institutions. 123 

 124 
2. MATERIAL AND METHODS  125 
 126 
2.1 Hardware Set-up 127 

The system consists of one input subsystem and two output subsystems. The input 128 
subsystem is the Camera module. Custom data of students and stored image data of 129 
students were initially stored (programmed) in microSD card of the camera module, and for 130 
publishing to a webdatabase when faces are scanned. The output subsystems include an 131 
LCD and a Web- database PC software. The web-database is started by wireless 132 
connection via communication between the camera’s on-board Wi-Fi and a wireless router, 133 
and updated with students’ attendance records upon successful scanning and recognition of 134 
students’ faces. Messages from the face verification processes and response are displayed 135 
on the LCD. The LCD is interfaced on the output port of the camera module, and the camera 136 
module has been programmed from a supported development environment, to control the 137 
whole process and actions of the entire system. 138 
Hence, the block diagram, as shown in Figure 1, outlines the interconnection and 139 
functionality of the face recognition-based attendance system. 140 

 141 

Figure 1: System Block Diagram of the face recognition-based attendance system. 142 

 143 

2.1.1 Materials used 144 

The component requirements for the accomplishment of the face recognition-based 145 
attendance system. 146 



 

(i) ESP32 CAM 147 
(ii) 16x4 Character LCD Display  148 
(iii) Vero board 149 
(iv) Connecting wires 150 
(v) Light Emitting Diodes (LEDs) 151 
(vi) Power Bank Module 152 
(vii) Lithium Batteries 153 
(viii) ON/OFF Switch 154 
(ix) MicroSD cards 155 

 156 

2.1.2 Connection Overview 157 

The connection procedure for each component in the face recognition-based attendance 158 
system involved careful consideration of pin connections to ensure proper functionality. 159 
Starting with the ESP32 CAM, it was connected to the veroboard with attention to each pin's 160 
functionality. The power pins were connected to a stable power source, typically the Power 161 
Bank Module or Lithium Batteries, while the ground pins were appropriately grounded.  162 
The communication pins, such as UART for data transfer, were connected to the 163 
corresponding pins on the veroboard for seamless communication with other components. 164 
Next, the 16x4 Character LCD Display was connected to the veroboard to display relevant 165 
information. The power and ground pins were connected to the power source and ground 166 
respectively. Data pins for communication, such as RS (Register Select), RW (Read/Write), 167 
and EN (Enable), were connected to the appropriate pins on the veroboard to enable 168 
communication with the ESP32 CAM. The Light Emitting Diodes (LEDs) were connected to 169 
indicate different system statuses. Each LED's positive pin was connected to a suitable 170 
resistor for current limiting and then connected to a GPIO (General Purpose Input/Output) 171 
pin on the ESP32 CAM. The negative pin of each LED was connected to the ground to 172 
complete the circuit. 173 
The Power Bank Module was connected to provide consistent power to the system. The 174 
positive and negative terminals of the module were connected to the corresponding power 175 
and ground rails on the veroboard, ensuring a stable power supply. Lithium Batteries were 176 
connected to serve as backup power. The positive and negative terminals of the batteries 177 
were connected to the power and ground rails respectively, ensuring they were properly 178 
charged and integrated into the system. An ON/OFF Switch was connected to enable 179 
manual control over the system's operation. It was connected in series with the power 180 
supply, allowing the user to easily turn the system on or off as needed. Finally, the MicroSD 181 
cards were inserted into the ESP32 CAM for data storage purposes. The appropriate 182 
connections were made to ensure data could be read from and written to the cards 183 
seamlessly, enabling efficient storage and retrieval of attendance data. Hence, the design 184 
system circuit diagram is shown in Figure 2, and the interior view of the face recognition-185 
based attendance system is shown in Figure 3 186 
 187 



 

 188 
 189 

Fig. 2.CircuitDiagram of thefacerecognition-based attendancesystem. 190 

 191 

 192 
 193 

Fig. 3. The interior view of the face recognition-based attendance system. 194 

 195 
 196 
2.2 Software Implementation 197 

2.2.1 Software Design approach 198 

The software aspect stands as the cornerstone of this project, leveraging C++, a high-level 199 
programming language, for all program codes. These codes were crafted within the Arduino 200 
IDE, a development environment installed on a PC. However, an exception lies with the 201 
Google Script program code, which was tailored specifically for Google Sheets creation. 202 
Given the platform's limitations, this particular code was scripted in JavaScript within the 203 
Script/Code Editor platform. 204 
Following the development phase, the C++ program codes were transferred onto the 205 
ESP32- CAM module. This process was facilitated by an FTDI programmer, allowing 206 
seamless connection between the PC and the ESP32-CAM via a USB cable 207 



 

2.2.2 Loading of Code into the ESP32 208 

ESP32-CAM, indirectly connected to the PC via the FTDI programmer, required recognition 209 
within the Arduino IDE, marked by a specific Com Port number. An encompassing program 210 
code amalgamated existing face recognition and Google Script code, ensuring seamless 211 
integration. A flowchart depicted in Figure 6 illustrated the implementation process of the 212 
comprehensive embedded C++ program. All program codes were archived in the Appendix 213 
for reference. In the various program codes, functions were defined within corresponding 214 
component libraries, facilitating modular organization. Arguments were passed to these 215 
functions at different program locations to streamline execution. Real-time guidance and  216 
instructions  were provided  via the 'Serial  Monitor'  within  the Arduino  IDE,  aiding 217 
debugging and validation of compiled codes prior to upload. 218 
For the ESP32-CAM to interact with Google Sheets, the WiFi library for WiFi connection and 219 
the HTTPSRedirect library for HTTP requests were essential. The HTTPSRedirect library 220 
facilitated seamless data logging, communication, and IoT control. It utilized redirection 221 
URLs from server replies, eliminating the need for third-party services like Xively or Temboo. 222 
Key libraries utilized include Wire for I2C/TWI communication, essential for interfacing with 223 
devices like the LCD I2C module. The LiquidCrystal_I2C library controlled the I2C LCD 224 
display, supporting functions such as initialization, backlight control, text clearing, cursor 225 
positioning, and text display. Google Apps Script served as the backbone for Google Sheets 226 
integration, providing a rapid application development platform with JavaScript code running 227 
in the cloud. The Script/Code Editor enabled variable storage and custom function creation 228 
tailored to specific spreadsheets, enhancing functionality within Google Workspace apps like 229 
Gmail, Drive, and Sheets. 230 

2.3 System Testing 231 

2.3.1 System Flow Chart 232 

Figure 4 and 5 present the flowcharts outlining the design system's operation. Two distinct 233 
flowcharts are illustrated in this project work: the first (Figure 4) delineates the facial 234 
recognition algorithm's flow and its integration with the Google Sheet attendance file, while 235 
the second (Figure 5) illustrates the implementation flow of the program codes 236 
encompassing the entire system. 237 
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Fig. 4. Flowchart of the algorithm and link to Google Sheet attendance file 256 
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 266 

Fig. 5. Flow chat of the face recognition-based attendance system. 267 

 268 

2.3.2 Model Training of the Face Recognition System 269 



 

The architecture for model training of the face recognition system encompasses five 270 
sections, focusing primarily on three: Face Enrolment/Detection, Creation of a Dataset of the 271 
Individuals, and Training the Classifier. The face enrolment and detection process involves 272 
testing the camera, attached with a servomotor for rotation, to capture frontal face images of 273 
individuals using the Viola Jones algorithm. This algorithm was chosen for its robustness, 274 
real- time capability,  and  high  rate of  face detection.  It comprises four stages:  Haar 275 
Feature Selection, Creating an Integral Image, Adaboost Training, and Cascading 276 
Classifiers, facilitating rapid and accurate face detection 277 

This recognition process consists of two stages 278 

Feature Extraction and Face Recognition. Feature extraction employs the PCA algorithm to 279 
convert correlated face images into uncorrelated Eigen faces, reducing the dimensionality of 280 
the original image data. Face recognition utilizes a previously trained Artificial Neural 281 
Network (ANN) to simulate data from the images, comparing input features with those from a 282 
standard database for recognition. 283 

Web-database Attendance Monitoring 284 

For attendance management, the system marks attendance for matched student images and 285 
sends the information to Google Sheets, controlling the overall database of student 286 
attendance records. 287 

2.3.3 System Working Operation 288 

The facial recognition attendance monitoring system comprises three main blocks: ESP32- 289 
CAM, controlling the system's process and capturing/verifying faces; LCD, displaying 290 
input/output actions of the ESP32-CAM module; and a web-database on a PC. Upon system 291 
power-up, the ESP32-CAM establishes a wireless connection to publish course/class 292 
information onto a Google Sheet. Upon face scanning and verification, the validated 293 
student's face is displayed on the LCD, and attendance data is written to Google Sheet. 294 
Subsequent scans and verifications update the Google Sheet with attendance information 295 
for each student. 296 

3. RESULTS AND DISCUSSION 297 
 298 
The face recognition-based attendance system underwent extensive testing across five (5) 299 
iterations, involving the enrollment of five (5) individuals. The core objective was to 300 
meticulously validate both the precision and seamless wireless connectivity of the system 301 
with its corresponding database. Results were meticulously tabulated in Table 1, capturing 302 
essential metrics such as the Timestamp (Date and Time) of each test, corresponding 303 
Student ID, percentage (%) signifying Presence and Absence, total class sessions 304 
administered, and the precise count of attendees. Table 1 presents results from the face 305 
recognition-based attendance system. It includes the Timestamp (Date and Time) of each 306 
test, Student ID, percentage (%) indicating Presence and Absence, total class sessions held, 307 
and the exact count of attendees. For instance, on December 5th, 2023, at 11:04:12, NAME 308 
1 had 100% attendance, with 5 attendees out of 5 classes held. Similar data is provided for 309 
other students. Furthermore, Figure 6  provided visual insight into the enrollment process, 310 
displaying images of the enrolled individuals. 311 

Following the testing phase, accessing the resulting link opened a streaming window, 312 
facilitating the activation of face detection. Users were presented with options to select 313 



 

ESP32. Wificam examples, including BMP, JPG, or MJPEG formats. This user-friendly 314 
interface streamlined the integration process, enhancing accessibility and ease of use. 315 

 316 
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 324 
 325 
 326 
 327 
Table 1: Result from Class Attendance web browser interface 328 
 329 

 
Timestam
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Studen

t ID 

% 
Presen

t 

% 
Absen

t 
Class 

Held 

No. 
of 

Attendants 

ImageCapture
d 

2023-12-05 
11:04:12 

NAME 1 100 0 1 5 Yes 

2023-12-05 
11:03:47 

NAME 2 100 0 1 4 Yes 

2023-12-05 
11:03:23 

NAME 3 100 0 1 3 Yes 

2023-12-05 
11:02:58 

NAME 4 100 0 1 2 Yes 

2023-12-05 
11:02:58 

NAME 4 100 0 1 1 Yes 
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 334 

Figure 6: Demonstration of Registered Detected Face 335 
 336 
 337 
 338 
3.1Discussion of Results 339 

The results of the face recognition-based attendance system testingdemonstrated  promising 340 
accuracy and functionality. each test instance, meticulously documented with timestamps, 341 
presents a clear picture of attendance metrics for individual students. notably, the system 342 
achieved a remarkable 100% attendance rate for all enrolled individuals across multiple 343 
class sessions, indicating a high level of precision in recognizing and recording student 344 
presence. the data showcases the system's reliability in distinguishing between present and 345 
absent students, with zero instances of misclassification. this high level of accuracy is crucial 346 
for ensuring the integrity of attendance records, providing educators with confidence in the 347 
system's efficacy. 348 
Furthermore, the user-friendly interface described in the text, offering options for various 349 
formats and streamlining the integration process, enhances the system's accessibility and 350 
ease of use. such features are instrumental in promoting widespread adoption and 351 
acceptance among users. the results also emphasize the system's seamless wireless 352 
connectivity with its corresponding database, as evidenced by the consistent and timely 353 
recording of attendance data. this connectivity is vital for real-time monitoring and analysis, 354 
enabling educators to make informed decisions based on up-to-date information. 355 
Overall, the findings suggest that the face recognition-based attendance system holds great 356 
potential for revolutionizing traditional attendance-taking methods in educational settings. its 357 
high accuracy, coupled with user-friendly features and robust connectivity, positions it as a 358 



 

valuable tool for enhancing efficiency and accountability in classroom management. further 359 
research and refinement may lead to even greater advancements in this technology, with 360 
potential applications extending beyond the educational realm. 361 

 362 
4. CONCLUSION 363 
 364 
In conclusion, the development and testing of the face recognition-based attendance system 365 
represent a significant advancement in attendance management technology. Through 366 
innovative design, meticulous implementation, and rigorous evaluation, the system has 367 
demonstrated exceptional accuracy, efficiency, and user-friendliness. The project's success 368 
emphasizes the potential of face recognition technology to revolutionize traditional 369 
attendance tracking methods, offering educators a reliable and streamlined solution for 370 
classroom management. With its high accuracy rates, seamless connectivity, and intuitive 371 
interface, the system holds great promise for widespread adoption in educational institutions 372 
and beyond. Moving forward, continued research and refinement would likely further 373 
enhance the system's capabilities, paving the way for even greater advancements in 374 
attendance management and biometric identification systems. Overall, the face recognition-375 
based attendance system represents a significant step forward in leveraging automation to 376 
improve efficiency, accountability, and security in educational environments and beyond. 377 
 378 
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