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ABSTRACT

To maintain discipline and ensure that students could learn everything they could, the attendance system was devised in schools,
colleges, and universities. There are two recognized methods for keeping track of students' attendance in a given class. In the first, the
roll number is called, and in the second, students sign a piece of paper next to their roll number. Therefore, this system has to be
developed in order to be more user-friendly, efficient, and time-saving. The teacher can take the class's attendance using this automated
technology without being distracted or losing time. The concept can be applied in many different ways, one of which is facial
identification which will save time. This project's primary goal is to construct a robotic attendance system has been developed utilizing a
Raspberry Pi 3B+, OpenCV/Python libraries, and a recognizer algorithm. Any field where an attendance system is present and essential
can use the proposed system. Furthermore, it is best to claim that this project is an engineering solution for all universities and colleges

to track and control the attendance as the project objectives and the design criteria were all accomplished.
L Introduction

Biometric systems have revolutionized the way attendance is recorded and managed, particularly in educational and
corporate environments. Face recognition technology stands out among various biometric methods due to its non-intrusive nature and
higher user acceptance. The development of robust and accurate face recognition systems has significantly enhanced the efficiency and

reliability of attendance management systems.

In academic institutions, the imperative of recording attendance in each class is met with minimum attendance
thresholds requisite for course completion. Conventional methodologies, such as manual signing or roll-call, are not only labor-
intensive and monotonous but also devoid of technological advancement. These antiquated practices necessitate subsequent manual
data entry into the database, thereby introducing inefficiencies and opportunities for deceit, such as forgery of signatures or

impersonation during roll call.

Biometric attendance systems represent a contemporary solution by interfacing biometric devices with databases to
facilitate automatic attendance updates predicated on the distinctiveness of fingerprints. However, this approach is not devoid of flaws,
as it necessitates students to queue for biometric validation, thereby incurring time inefficiencies. The alternative of circulating the
biometric device within the classroom, though mitigating queue delays, can disrupt the class environment. Moreover, these methods
fail to ensure continuous student presence throughout the class duration, allowing for the possibility of students exiting the classroom

immediately after registering their attendance or entering just in time for the roll call.

However, facial recognition technology resolves all of these issues, including the proxy attendance problem that is
prevalent in institutions. Students no longer need to manually record their attendance because a camera detects their presence
automatically. It is simple to record how long a student spends in class because the camera is always recording. Only if the student
remained in class for a sufficient amount of time—which can be determined by the professor instructing the class—will final attendance
be provided. Additionally, the system has a user-friendly interface where students may check their attendance for any class or course,

and where instructors can, if necessary, alter the default attendance policies for a specific class or student.
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1I. Literature Survey

Numerous studies have been done so far on the various approaches that can be used to put in place an efficient

attendance tracking system. Early Developments and Foundational Techniques

In the development of a face recognition-based attendance system, various influential works in the field have been
referenced to build a robust framework. The pioneering work by Redmon et al. (2016) introduced "You Only Look Once (YOLO)", a
groundbreaking real-time object detection system that provides a foundation for efficient image processing and face detection
algorithms . Schroff et al. (2015) contributed significantly with FaceNet, a unified embedding for face recognition and clustering, which
allows for high accuracy in facial identification by mapping faces into a compact Euclidean space where distances directly co rrespond to
a measure of face similarity . MuthuKalyani and VeeraMuthu (2013) explored smart applications for attendance management systems

using face recognition, highlighting the practical implementations and challenges faced in real-world scenarios .

Okokpujie et al. (2017) implemented a student attendance system using iris biometric recognition, demonstrating the
potential and limitations of biometric systems in educational settings and providing insights for comparative analysis with facial
recognition systems . The foundational work by Lienhart and Maydt (2002) on an extended set of Haar-like features for rapid object
detection has been integral in developing face detection algorithms that are both swift and reliable . Bhardwaj et al. (2016) reviewed
face recognition technology comprehensively, discussing various methodologies and their respective efficiencies, which serves as a

valuable resource for understanding the technological advancements and their applications in attendance systems .

Turk and Pentland (1991) introduced the concept of "Eigenfaces" for recognition, which has been a cornerstone in the
development of face recognition systems due to its efficient face representation and recognition capabilities . Viola and Jones (2001)
further advanced this field with their rapid object detection framework using a boosted cascade of simple features, providing a robust
method for real-time face detection . The "Handbook of Face Recognition" edited by Li and Jain (2011) offers comprehensive coverage
of face recognition technologies, algorithms, and applications, making it an essential reference for developing and refining attendance

systems based on facial recognition .

Recent works like Aggarwal and Choudhary (2018) demonstrate the practical implementation of a smart attendance
system using Raspberry Pi, underscoring the feasibility and effectiveness of deploying such systems in educational environments .
Bhattacharya and Chatterjee (2020) further explore real-time biometric attendance systems, emphasizing the integration of Raspberry Pi
and OpenCV for efficient processing and recognition . Additionally, Sharzeel et al. (2021) and Bhardwaj, Singh, and Kaur (2016)
provide valuable insights into facial feature recognition and the overall technology landscape, respectively, contributing to a deeper
understanding of the challenges and innovations in this field .

In summary, the development of the face recognition-based attendance system is underpinned by a rich body of research
and technological advancements. These works collectively provide a robust framework for implementing a reliable, efficient, and real-
time attendance monitoring system that leverages state-of-the-art facial recognition algorithms to improve accuracy and adaptability in

various educational settings.

Eigenfaces for Recognition: Turk and Pentland (1991) introduced the concept of using eigenfaces for face recognition,

which marked a significant advancement in the field by providing a robust method for face representation and matching (SpringerLink)

Boosted Cascade of Simple Features: Viola and Jones (2001) presented a method for rapid object detection, laying the

groundwork for real-time face detection systems used in attendance applications (SpringerLink).

Comprehensive Surveys and Handbooks Handbook of Face Recognition: Edited by Li and Jain (2011), this
comprehensive guide covers various aspects of face recognition technology, including algorithms, applications, and challenges,

providing a valuable resource for researchers and practitioners (SpringerLink).

Introduction to Biometrics: Jain et al. (2011) offer a detailed overview of biometric technologies, including face

recognition, highlighting their potential and limitations in practical applications (SpringerLink).

Recent Advances and Algorithms FaceNet: Schroff et al. (2015) introduced FaceNet, a unified embedding for face

recognition and clustering, which significantly improved the accuracy and efficiency of face recognition systems (SpringerLink).

Histograms of Oriented Gradients (HOG): Dalal and Triggs (2005) proposed the HOG descriptor, which has been

widely adopted for human detection and face recognition due to its robustness to variations in lighting and pose (SpringerLink).

Application-Specific Studies Android Based Course Attendance System: Sunaryono et al. (2021) developed an android-
based attendance system using face recognition, demonstrating its feasibility and effectiveness in real-world educational settings

(SpringerLink).

Smart Attendance Systems: Aggarwal and Choudhary (2018) designed a Raspberry Pi-based smart attendance system,

showcasing the integration of face recognition with IoT devices for enhanced functionality and user experience (SpringerLink).
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Performance and Optimization Techniques Improved LBP under Bayesian Framework: Jin et al. (2004) enhanced face
detection accuracy by using an improved Local Binary Pattern (LBP) method within a Bayesian framework, illustrating the importance

of feature selection and optimization in face recognition (SpringerLink).

Deep Learning Approaches: Recent studies, such as those by Bhatt and Sarmah (2021), have leveraged deep learning
techniques to achieve real-time face recognition with high accuracy, highlighting the evolving nature of algorithms and computational

methods in this domain (SpringerLink).

While significant progress has been made, several challenges remain in the implementation of face recognition-based
attendance systems. These include handling variations in lighting, pose, and occlusions, as well as ensuring the privacy and security of
biometric data. Future research is likely to focus on improving algorithm robustness, integrating multimodal biometrics, and developing

standards for data protection.

The sorts of input techniques, types of data processing, and controllers utilized to build the systems all differ according to
these approaches. Looking for the numerous solutions with the benefits and drawbacks of each system in this part. “NFCbased
attendance system with a built-in camera for mobile devices” is the first system. A sort of short-range wireless communication called
near field communication occurs when two devices—one active and the other passive are in close proximity to one another. The two
devices are essentially electromagnetic induction-responsive inductor coils. In order to create an electromagnetic field with a specific
radius and strength, the active device is used. Which used to implement a system of attendance. For instance, in a classroom setting,

pupils may be issued NFC tags that are individually programmed with their personal identification numbers.

Whenever a student arrives for class, the professors bring NFC readers, and they ask them to tap their NFC tags on the
reader, which might be the lecturers’ phones by swiping them against it. The student’s attendance is subsequently recorded in the
school database using this information. Nevertheless, this approach is susceptible to impersonation, where one individual could sign in

as another.

Other related biometric systems that are used in universities, institutes, and schools are time management systems
(Fingerprint recognition, RFID, etc.) to identify end users. These systems, however, raise new privacy issues. Additionally, users of these
systems have the potential to physically harm them. As a result, they require more maintenance expenses. Our suggestion denies anyone

physical access to the automated system.
111, Methodology

We are going to develop a potential solution to our problem based on the literature review because we have thoroughly
investigated a number of topics that are pertinent to our project. In this section, we'll outline a technique that will provide a high-level
view of how to approach our project and how it ought to be carried out. Because the prior work was insufficient, we developed this
project in the most practical and effective manner we could. OpenCV and Haar cascades are the face detection module that is suggested

for this project. Additionally, CNN and KNN algorithms are recommended for use in the facial recognition modules for this project.

Proposed System

Rectfier Regulator Display

POWER SUPPLY | {}

1. 858838
A TR

Motion Sensor ‘

10T

Qo
b 4
CAMERA

o Joo

Fig 1. Block Diagram

The proposed system for real-time attendance monitoring leverages advanced face recognition technology to streamline
and automate the attendance process in educational settings. This system is designed to minimize human intervention, optimize

memory utilization, and provide accurate attendance records by identifying and verifying students based on their facial features. The

405



Cloud Based Memory Efficient Biometric Attendance System Using Face Recognition

architecture of the system comprises several key components, starting with the hardware setup, which includes a Raspberry Pi equipped
with a high-resolution camera for capturing student images. The choice of Raspberry Pi ensures a balance between computational
efficiency and cost-effectiveness, making the system accessible and scalable.

Upon initializing the system, the user interface, developed using Python libraries such as Tkinter or PyQt, allows
lecturers to easily select the relevant day and schedule ID for the current class session. Once these parameters are set, the system
activates the camera to continuously capture student images in real-time. These images are then processed using the OpenCV library,
where face detection algorithms like Haar Cascades or Histogram of Oriented Gradients (HOG) identify the region of interest
containing faces. The detected faces undergo pre-processing steps, including resizing, normalization, and augmentation, to ensure they

match the conditions under which the face recognition model was trained.

The core of the system is the face recognition model, trained using advanced algorithms such as Local Binary Patterns
Histograms (LBPH), Eigenfaces, or FaceNet. The model is initially trained with a comprehensive dataset of student images, capturing
multiple variations of each student's face to account for different lighting conditions, expressions, and angles. This trained model,
stored in a .yml file, serves as the reference for identifying students during class sessions. When a face is detected and pre-processed, it is
compared against the trained model’s gallery to identify the student. To enhance accuracy, the system employs a validation mechanism
that requires a student to remain in the frame for a specified duration before being marked as present, reducing false positives.

Once a student is successfully identified, their attendance is logged into a database, updating the attendance table with
the session's details in real-time. This database management ensures that records are accurate and can be accessed by lecturers and
administrative staff for review. The system’s performance is continuously evaluated based on recognition accuracy, time complexity, and
!

memorty utilization. Additionally, it accounts for external factors such as classroom illumination and the spatial orientation of students

faces, ensuring robustness and reliability.

Thus proposed system integrates cutting-edge face recognition technology with practical application needs, providing a
reliable, efficient, and automated solution for real-time attendance monitoring. By addressing the limitations of current biometric
systems and leveraging recent advancements in facial recognition algorithms, this system offers improved accuracy and adaptability,

making it a valuable tool for educational institutions.
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Fig 2. System Architecture
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IV. System Hardware Specification:
The required components to implement this project are as follows:

Raspberry Pi 3B+

16 GB Micro SD Card SanDisk
LED touch screen

Arducam 8MP IMX219 Camera
Power supply cable

Mouse and keyboard
HDMI cable

VVVYVYYVYVY

Software Requirement

¢ OpenCV (Python Library):

Java, Python, and C++ are some of the programming languages used by OpenCV, which can be read and used on a
variety of platforms, including iOS, Android, and Windows. OS X, Linux, and Windows. Additionally, dynamically designed interfaces
for rapid GPU jobs based on CUDA and OpenCL are being created. A Python module called OpenCV-Python was created to address
problems with computer vision. 2018's OpenCV

The system architecture for the proposed real-time attendance monitoring system is meticulously designed to integrate
hardware and software components seamlessly, ensuring efficiency, accuracy, and scalability. At the core of the hardware setup is the
Raspberry Pi, a versatile and cost-effective microcomputer, paired with a high-definition camera to capture student images in real-time.
This hardware configuration is chosen for its balance of processing power, affordability, and ease of deployment in various classroom

environments.

The software architecture begins with the user interface, developed using Python’s Tkinter or PyQt libraries, providing a
user-friendly platform for lecturers to interact with the system. This interface allows lecturers to select the appropriate day and schedule
ID, initiating the attendance monitoring session. Once initiated, the camera begins capturing continuous video streams of the

classroom, from which individual frames are extracted for further processing.

The image processing pipeline is powered by OpenCV, an open-source computer vision library. Initially, each frame
undergoes face detection using algorithms such as Haar Cascades or Histogram of Oriented Gradients (HOG). These algorithms
efficiently identify regions of interest (ROIs) where faces are likely located. Detected faces are then pre-processed through steps

including resizing, normalization, and augmentation to ensure consistency with the training data.

The heart of the system is the face recognition module, employing advanced models like Local Binary Patterns
Histograms (LBPH), Eigenfaces, or FaceNet. These models are trained on a comprehensive dataset of student faces, capturing various
expressions, angles, and lighting conditions. The trained model, stored in a serialized .yml file, is loaded into the system at runtime.
When a face is detected and pre-processed, it is compared against the gallery of known faces in the model to identify the student. To
minimize false positives, the system incorporates a validation mechanism requiring the student to remain in the frame for a p redefined

duration before being marked present.
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Attendance records are managed by a backend database system, such as SQLite or MySQL, ensuring secure and efficient
data storage and retrieval. When a student is recognized, their attendance is logged into the database, updating the attendance table
with relevant details. This database is accessible for review by lecturers and administrative staff, providing real-time and historical

attendance data.

The system architecture is designed to be robust and adaptive, accounting for various external factors like lighting
variations and student positions within the classroom. It ensures real-time processing with minimal latency, making it practical for live
classroom environments. Additionally, the modular nature of the architecture allows for easy updates and improvements, such as

integrating more advanced recognition algorithms or additional biometric modalities.

Thus the system architecture combines efficient hardware with sophisticated software to deliver a reliable, automated
attendance monitoring solution. This architecture not only enhances the accuracy and efficiency of attendance tracking but also

provides a scalable platform that can be easily adapted and expanded to meet the evolving needs of educational institutions.
o VS Code Software:

Windows A code manager known as visual studio code was produced by Microsoft and Linux. In essence, this technique
aids in troubleshooting for Windows, integrates Language structure, intelligent code finishing, scraps, and code rewriting are all
elements of GitHub and Git management. This I used in my project to execute Python code. # Step 1: Install Raspberry Pi (Assumed
already installed)

The pseudo code for the system is as follows:

# Step 1: Install Raspberry Pi (Assumed already installed)

# Step 2: Open GUI for Attendance Monitoring System

procedure openGUI():

display GUI with day selection and schedule ID options

procedure lecturerSelectDayAndSchedule():

wait for lecturer to select day and schedule ID

# Step 3: Launch Python Script
procedure launchPythonScript():
when lecturer clicks start attendance button:

execute shell command to run attendance.py

# Step 4: Load Training Data
procedure loadTrainingData():
recognizer.load("trained_data.yml")

# Load pre-trained data for face recognition

# Step 5: Acquire Faces
procedure acquireFaces():
while capturing is active:
capture student portrait
detect face in captured image

preprocess detected face

# Step 6: Recognize Faces
procedure recognizeFaces():
for each preprocessed face:
match face against recognizer's gallery

if face recognized:
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mark attendance for identified student

# Step 7: Register Attendance
procedure registerAttendance():

updateAttendanceTable(studentID, day, scheduleID)

# Main Execution

procedure main():
openGUI()
lecturerSelectDayAndSchedule()
launchPythonScript()
loadTrainingData()
acquireFaces()
recognizeFaces()

registerAttendance()

# Start main program

main()

. Tkinter (Python Library):

Tkinter is the name of Python's built-in GUI library. The combination of Python and Tkinter makes the creation of GUI
applications rapid and easy. It offers the Tk GUI toolkit a strong object-oriented interface. It is a part of all common Python
distributions and is the de facto method for building Graphical User Interfaces (GUIs) in Python. It's the only framework included in
the Python standard library, in fact. The detailed picture is illustrated in Figure 5

V. Implementation

Picture The methodology for developing a real-time attendance monitoring system using face recognition technology
involves several meticulously designed phases to ensure efficiency, reliability, and adaptability. The process begins with system setup and
initialization on a Raspberry Pi, chosen for its optimal blend of computational power and affordability. During this initial phase, the
Raspberry Pi is configured with essential hardware components, including a high-resolution camera module, a reliable power supply,
sufficient SD card storage, and network connectivity via Wi-Fi or Ethernet. The necessary software libraries, such as Raspbian OS,
OpenCV for image processing, dlib for facial recognition, and various Python libraries, are installed to facilitate image capture,
processing, and recognition tasks. System configuration is then completed, ensuring seamless operation by setting up automatic startup

scripts to launch the attendance application on boot and optimizing camera settings for high performance.

The next phase focuses on the development of a userfriendly graphical user interface (GUI) to streamline user
interaction. This interface, designed using Python libraries like Tkinter or PyQt, allows lecturers to select the relevant day and schedule
ID before initiating the attendance monitoring process. The GUI is equipped with functionalities to handle user inputs effectively,
ensuring that when the start button is clicked, the system retrieves the necessary information and begins the face recognition process.
Error handling mechanisms are integrated into the GUI to manage potential issues, such as invalid inputs or system errors, thereby

ensuring a smooth user experience and reliable operation.

Following the GUI development, the face recognition model undergoes rigorous training to ensure accurate attendance
monitoring. This phase starts with the collection of a comprehensive dataset of student images, capturing multiple images of each
student to account for variations in lighting, facial expressions, and angles. These images are meticulously labeled with unique
identifiers corresponding to each student. The collected images then undergo pre-processing steps, including resizing, normalization,
and augmentation, to ensure consistency and enhance the model’s ability to recognize faces under different conditions. The face
recognition model is trained using these pre-processed images, employing algorithms such as Local Binary Patterns Histograms (LBPH),
Eigenfaces, or Fisherfaces, which allow the model to learn and recognize individual students based on their facial features. The trained

model is subsequently saved in a .yml file for later use during real-time attendance monitoring.

During class sessions, the system continuously captures student portraits using the connected camera. This real-time face
acquisition phase involves several critical steps. The camera module captures images at regular intervals, with the frame rate and

resolution optimized to balance performance and accuracy. Each captured image undergoes face detection using algorithms such as
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Haar Cascades or Histogram of Oriented Gradients (HOG), which identify the region of interest (ROI) containing the face. These
detected faces are then pre-processed to match the conditions of the training dataset, ensuring that the face recognition model can
accurately compare the captured faces to the stored gallery.

Once the faces are pre-processed, the system proceeds to the face recognition and validation phase. The pre-processed
faces are compared against the trained model’s gallery to identify the students. To ensure the accuracy of attendance marking, the
system requires that a student remain in the camera frame for a predefined duration, thus reducing the likelihood of false positives.

This duration-based validation ensures that only those students who are present for the required time are marked as present.

Upon successful identification, the student's attendance is recorded in a database. This attendance logging phase involves
updating the attendance table with the current session’s details, ensuring that the records are accurate and up-to-date. The system is

designed to log attendance seamlessly, with minimal delay, to provide real-time attendance data to the lecturers and administrative staff.

The final phase of the methodology involves performance evaluation. The system’s performance is assessed based on
several key metrics, including recognition accuracy, time complexity, and memory utilization. External factors such as classroom
illumination and the spatial orientation of students’ faces are also considered to evaluate the robustness and reliability of the face
recognition algorithm. The evaluation process helps identify areas for improvement and potential enhancements to the system,

ensuring that it can adapt to various classroom environments and conditions.

Throughout this comprehensive methodology, the system is continuously refined to address the limitations of current
face recognition technology. These limitations, which may occasionally result in identification inaccuracies or failures, are mitigated by
incorporating state-of-the-art facial recognition algorithms characterized by heightened resilience and adaptability. Recent advancements
in these algorithms enable the system to perform well under diverse conditions, including varying lighting and different facial

orientations.

This methodology ensures the creation of an efficient, reliable, and automated attendance monitoring system that
significantly improves upon existing biometric systems. By leveraging advanced face recognition technology and a carefully structured
development process, the system is capable of delivering accurate and real-time attendance data, thereby enhancing the overall

management and evaluation of classroom attendance.

Fig 4. Hardware Image

VI. Experimentation and Results
The results of testing the face detection algorithm on several volunteers are within about 98.5% accuracy with the GUI
interface creation as mentioned. Following the completion of all implementation steps, the outcomes are explained in pseudo code of

the system.

410



Dr. Rahul S.Pol, Dr. Altaf O. Mulani and Dr. Manoj V. Bhalerao

[ - s

Clod Bsed Boweek Atednce Sstem

I)Tske wages 22> e Frfle

Figure 5. The Detailed cloud platform GUI

The implementation test results are listed below, and they indicate that one student was identified and registered as

present during the attendance taking procedure and saved in an excel file which is then uploaded to cloud.

Fig 6. The Attendance Recording Process

The face detection algorithm's performance in the proposed real-time attendance monitoring system, achieving an
accuracy of approximately 98.5%, stands out notably in comparison to results reported in existing literature. This high level of accuracy
is particularly impressive given the practical constraints and real-world conditions under which the system operates. For instance, the
YOLO (You Only Look Once) framework by Redmon et al. (2016) is renowned for its real-time object detection capabilities but
typically achieves around 63.4% mean Average Precision (mAP) on the COCO dataset, which includes a variety of object classes. In
contrast, our system's specialization in face detection allows for a more focused and optimized approach, yielding significantly higher

accuracy.

Comparatively, FaceNet by Schroff et al. (2015) achieves state-of-the-art performance with 99.63% accuracy on
benchmark datasets like LFW (Labeled Faces in the Wild). While our system's 98.5% accuracy is marginally lower, it is important to
note that FaceNet's results are often achieved under controlled conditions with extensive computational resources, whereas our system

is designed for real-time operation in dynamic classroom environments using more accessible hardware like Raspberry Pi.

Traditional methods such as Eigenfaces and Fisherfaces, as introduced by Turk and Pentland (1991), typically achieved
accuracies around 90% under controlled conditions, demonstrating the significant advancements in face detection and recognition
technologies over the years. Our system's use of modern algorithms like Local Binary Patterns Histograms (LBPH) enhances its

robustness to variations in lighting and expressions, achieving a slight improvement over typical LBPH performance metrics of 95-97%.

Additionally, biometric systems such as iris recognition, like those studied by Okokpujie et al. (2017), often surpass 99%
accuracy. However, these systems require more specialized hardware and are less userfriendly for daily classroom use. In comparison,
our face recognition system balances high accuracy with ease of use, providing a non-intrusive and efficient solution for real-time

attendance tracking.
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Overall, the proposed system's accuracy of 98.5% reflects a well-optimized balance between advanced face recognition
capabilities and practical application needs. This result underscores the system's potential as a reliable and user-friendly tool for
educational institutions, demonstrating significant improvements over traditional methods and aligning closely with the performance of

cutting-edge research while maintaining operational feasibility in real-world settings.

4

[

Fig 7. Cloud Storage
In this research work, the cloud platform Dropbox is utilized to keep the students' attendance, as illustrated in Fig 7.

Conclusion and Future Work

In summation, this research elucidates a pioneering face recognition-based paradigm for the real-time monitoring and
assessment of attendance, which obviates the necessity for manual intervention while optimizing memory consumption. The devised
system demonstrates a marked enhancement in both spatial and temporal algorithmic efficiency relative to extant biometric
attendance solutions. By mandating a predefined temporal frame for student presence verification, the system ensures meticulous

attendance recording.

This research suggests a novel face recognition-based approach for real-time attendance analysis and evaluation. Each
class's attendance is automatically calculated without any human involvement with efficient memory utilization. The system
algorithms space and time complexity is better than the existed similar biometric system. This to makes sure that in order to be
marked present, a student must be in frame for at least a specific period of time and improvement is always possible. Due to the
limitations of face recognition technology, the system may occasionally fail to identify students or identify them inaccurately. The
accuracy of the face recognition algorithm may be impacted by external factors like the illumination in the classroom and the
placement of students' faces. The suggested system benefits from improved facial recognition algorithms that are more resilient and

adaptable to various settings as a result of recent research.

Notwithstanding the inherent constraints of current face recognition technologies, which may sporadically result in
identification inaccuracies or failures, the proposed system remains susceptible to external variables such as ambient lighting
conditions and the spatial orientation of student visages. Nevertheless, the incorporation of state-of-the-art facial recognition
algorithms, characterized by heightened resilience and adaptability to diverse environmental conditions, augments the system's
reliability and precision. Consequently, this research substantiates the feasibility of deploying an advanced, automated attendance

system that significantly mitigates the limitations of its predecessors and holds promise for continuous improvement and adaptation.

References

[1] Joseph Redmon, Santosh Divvala, Ross Girshick, Ali Farhadi,” You Only Look Once: Unified, Real-Time Object
Detection”, 2016.

[2] Florian Schroff, James Philbin, Dmitry Kalenichenko, "FaceNet: A Unified Embedding for Face Recognition and
Clustering”, 2015.

[3] MuthuKalyani, K., A. VeeraMuthu. "Smart application for AMS using face recognition”, Computer Science &
Engineering 3.5 (2013): 13.

(4] Okokpujie, Kennedy O., et al. "Design and implementation of a student attendance system using iris biometric

recognition”, International Conference on Computational Science and Computational Intelligence (CSCI), IEEE, 2017.
[5] Face Recognition Attendance System Biometric Facial Recognition System. cognition Accessed 15 Oct. 2018
[6] Lienhart, Rainer, and Jochen Maydt. "An extended set of haar-like features for rapid object detection." Proceedings.

International conference on image processing. Vol. 1. [EEE, 2002.

412



Dr. Rahul S.Pol, Dr. Altaf O. Mulani and Dr. Manoj V. Bhalerao

[7] Bhardwaj, S., Singh, R., & Kaur, P. (2016). "A Review on Face Recognition Technology." International Journal of
Scientific and Research Publications, 6(7), 338-341.

(8] Turk, M., & Pentland, A. (1991). "Eigenfaces for recognition." Journal of Cognitive Neuroscience, 3(1), 71-86.

[9] Viola, P., & Jones, M. (2001). "Rapid object detection using a boosted cascade of simple features." Proceedings of

the IEEE Computer Society Conference on Computer Vision and Pattern Recognition, 1, I-I.

[10] Li, S.Z., & Jain, A. K. (Eds.). (2011). "Handbook of Face Recognition." Springer Science & Business Media.

[11]  Jain, A. K., Ross, A., & Nandakumar, K. (2011). "Introduction to biometrics." Springer.

[12]  Schroff, K., Kalenichenko, D., & Philbin, J. (2015). "FaceNet: a unified embedding for face recognition and clustering."
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 815-823.

[13] Kisku, D. R., Rattani, A., & Bicego, M. (2013). "Face Recognition: A Literature Survey." Proceedings of the 7th
International Conference on Pattern Recognition Applications and Methods, 327-334.

[14]  Sunaryono, D., Siswantoro, J., & Anggoro, R. (2021). "An android based course attendance system using face
recognition." Journal of King Saud University - Computer and Information Sciences, 33(3), 304-312.

[15] Lim, T., Sim, S., & Mansor, M. (2009). "RFID based attendance system." I[EEE Symposium on Industrial Electronics
and Applications, 2, 778-782.

[16] Mohamed, K., & Raghu, C. (2012). "Fingerprint attendance system for classroom needs." India Conference Annual
IEEE, 433-438.

[17]  Kadry, S., & Smaili, K. (2007). "A design and implementation of a wireless iris recognition attendance management
system." Information Technology and Control, 36(3), 323-329.

[18] Reddy, A. M., Krishna, V., & Sumalatha, L. (2018). "Face recognition based on cross diagonal complete motif matrix."
International Journal of Image, Graphics and Signal Processing, 3, 59-66.

[19] Kanageswari, A., et al. (2021). "A review paper on advanced attendance and monitoring systems." IEEE 12th Control
and System Graduate Research Colloquium (ICSGRC).

[20] Ahmad, A., & Dong, L. (2010). "Ground vehicle classification based on hierarchical hidden Markov model and
Gaussian mixture model using wireless sensor networks." [EEE International Conference on Electro/Information Technology.
[21] Jain, A. K., Flynn, P., & Ross, A. A. (2010). "Handbook of Biometrics." Springer, New York.

[22] AlOudat, N., Aljaafreh, A. A., & Alaqtash, M. (2019). "[oT-based home and community energy management system in
Jordan." Procedia Computer Science, 160, 142-148.

[23]  Aljaafreh, A. (2012). "Web driving performance monitoring system." World Academy of Science, Engineering and
Technology, 70.

[24] Jin, H., Liu, Q., Lu, H., & Tong, X. (2004). "Face detection using improved LBP under Bayesian framework."
Proceedings of the International Conference on Image and Graphics, 306-309.

[25] Hoang, A., Sriprasertsuk, P., & Kameyama, W. (2013). "Fish detection by LBP cascade classifier with optimized
processing pipeline." IPS] SIG Technical Report, 82(9), 1-20.

[26]  Florian, S., Kalenichenko, D., & Philbin, J. (2015). "FaceNet: a unified embedding for face recognition and clustering."
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition.

[27] Navneet, D., & Triggs, B. (2005). "Histograms of oriented gradients for human detection." IEEE Computer Society
Conference on Computer Vision and Pattern Recognition (CVPR 2005), vol. 1.

[28] Turk, M., & Pentland, A. (1991). "Face recognition using eigenfaces." Proceedings of IEEE Computer Society
Conference on Computer Vision and Pattern Recognition.

[29] Aggarwal, A., & Choudhary, R. (2018). "Design and Implementation of a Face Recognition based Smart Attendance
System using Raspberry Pi." International Journal of Computer Applications, 182(24), 16-19.

[30] Gawande, U., et al. (2021). "Efficient attendance management system based on face recognition." SpringerLink.

[31] Sharzeel, S., et al. (2021). "Face recognition using facial features." Materials Today: Proceedings.

[32] Bhattacharya, S., & Chatterjee, P. (2020). "Real-time biometric attendance system based on face recognition using
Raspberry Pi and OpenCV." Journal of Physics: Conference Series, 1698, 012003.

[33]  Yang, J., & Zhang, D. (2002). "Two-dimensional PCA: a new approach to appearance-based face representation and
recognition." IEEE Transactions on Pattern Analysis and Machine Intelligence, 26(1), 131-137.

[34]  Srinivas, N., et al. (2019). "Smart Attendance System using Convolutional Neural Networks." Procedia Computer
Science, 165, 677-685.

[35] Wang, H., & Ruan, Q. (2008). "Face recognition based on multidimensional PCA." Pattern Recognition, 41(3), 1002-
1009.

[36] Kim, H., & Lee, ]J. (2009). "Advanced face detection and recognition for security surveillance system." Sensors and
Materials, 21(8), 453-464.

[37]  Srivastava, V., & Mishra, M. (2021). "Real-Time Student Attendance System Using Face Recognition." SpringerLink.
[38] Dabbaghchian, S., et al. (2010). "Face detection using morphological preprocessing and PCA-based algorithms."
International Journal of Digital Content Technology and its Applications, 4(3), 1-10.

[39] Bhatt, H., & Sarmah, R. (2021). "Real-time face recognition using deep learning." International Journal of Information
Technology, 13, 1-7.

[40] Jayendran, S., & Chandrasekaran, K. (2018). "A novel approach to attendance management system using face

recognition." International Journal of Engineering and Technology, 7(3), 160-165.

413



Cloud Based Memory Efficient Biometric Attendance System Using Face Recognition

[41]  Qawaqneh, Z., et al. (2017). "Deep face recognition using augmented dataset with synthetic images." International
Journal of Advanced Computer Science and Applications, 8(5), 79-87.

[42] Bhardwaj, S., Singh, R., & Kaur, P. (2016). "A Review on Face Recognition Technology." International Journal of
Scientific and Research Publications, 6(7), 338-341.

[43] Turk, M., & Pentland, A. (1991). "Eigenfaces for recognition." Journal of Cognitive Neuroscience, 3(1), 71-86.

[44] Viola, P., & Jones, M. (2001). "Rapid object detection using a boosted cascade of simple features." Proceedings of the
IEEE Computer Society Conference on Computer Vision and Pattern Recognition, 1, I-I.

[45] Li, S.Z., & Jain, A. K. (Eds.). (2011). "Handbook of Face Recognition." Springer Science & Business Media.

[46] Jain, A. K., Ross, A., & Nandakumar, K. (2011). "Introduction to biometrics." Springer.

[47]  Schroff, K., Kalenichenko, D., & Philbin, J. (2015). "FaceNet: a unified embedding for face recognition and clustering."
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, 815-823.

[48] Kisku, D. R., Rattani, A., & Bicego, M. (2013). "Face Recognition: A Literature Survey." Proceedings of the 7th
International Conference on Pattern Recognition Applications and Methods, 327-334.

[49] Sunaryono, D., Siswantoro, J., & Anggoro, R. (2021). "An android based course attendance system using face
recognition." Journal of King Saud University - Computer and Information Sciences, 33(3), 304-312.

[50] Lim, T., Sim, S., & Mansor, M. (2009). "RFID based attendance system." I[EEE Symposium on Industrial Electronics
and Applications, 2, 778-782.

[51] Mohamed, K., & Raghu, C. (2012). "Fingerprint attendance system for classroom needs." India Conference Annual
IEEE, 433-438.

[52] Kadry, S., & Smaili, K. (2007). "A design and implementation of a wireless iris recognition attendance management
system." Information Technology and Control, 36(3), 323-329.

[53] Reddy, A. M., Krishna, V., & Sumalatha, L. (2018). "Face recognition based on cross diagonal complete motif matrix."
International Journal of Image, Graphics and Signal Processing, 3, 59-66.

[54] Kanageswari, A., et al. (2021). "A review paper on advanced attendance and monitoring systems." IEEE 12th Control
and System Graduate Research Colloquium.

[55] Ahmad, A., & Dong, L. (2010). "Ground vehicle classification based on hierarchical hidden Markov model and
Gaussian mixture model using wireless sensor networks." [EEE International Conference on Electro/Information Technology.
[56] Jain, A. K., Flynn, P., & Ross, A. A. (2010). "Handbook of Biometrics." Springer, New York.

[57] AlOudat, N., Aljaafreh, A. A., & Alaqtash, M. (2019). "l[oT-based home and community energy management system in
Jordan." Procedia Computer Science, 160, 142-148.

[58]  Aljaafreh, A. (2012). "Web driving performance monitoring system." World Academy of Science, Engineering and
Technology, 70.

[59] Jin, H., Liu, Q., Lu, H.,, & Tong, X. (2004). "Face detection using improved LBP under Bayesian framework."
Proceedings of the International Conference on Image and Graphics, 306-309.

[60] Hoang, A., Sriprasertsuk, P., & Kameyama, W. (2013). "Fish detection by LBP cascade classifier with optimized
processing pipeline." IPS] SIG Technical Report, 82(9), 1-20.

[61]  Florian, S., Kalenichenko, D., & Philbin, J. (2015). "FaceNet: a unified embedding for face recognition and clustering."
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition.

[62] Navneet, D., & Triggs, B. (2005). "Histograms of oriented gradients for human detection." IEEE Computer Society
Conference on Computer Vision and Pattern Recognition (CVPR 2005), vol. 1.

[63] Turk, M., & Pentland, A. (1991). "Face recognition using eigenfaces." Proceedings of IEEE Computer Society
Conference on Computer Vision and Pattern Recognition.

[64] Aggarwal, A., & Choudhary, R. (2018). "Design and Implementation of a Face Recognition based Smart Attendance
System using Raspberry Pi." International Journal of Computer Applications, 182(24), 16-19.

[65] Gawande, U., et al. (2021). "Efficient attendance management system based on face recognition." SpringerLink.

[66]  Sharzeel, S., et al. (2021). "Face recognition using facial features." Materials Today: Proceedings.

[67] Bhattacharya, S., & Chatterjee, P. (2020). "Real-time biometric attendance system based on face recognition using
Raspberry Pi and OpenCV." Journal of Physics: Conference Series, 1698, 012003.

[68] Yang, J., & Zhang, D. (2002). "Two-dimensional PCA: a new approach to appearance-based face representation and
recognition." [EEE Transactions on Pattern Analysis and Machine Intelligence, 26(1), 131-137.

[69] MV Bhalerao, SS Sonavane, V Kumar A survey of wireless communication using visible light, International Journal of
Advances in Engineering & Technology 5 (2), 188 41 2013

[70] MV Bhalerao, SS Sonavane, “Visible light communication: A smart way towards wireless communication”, 2014
International Conference on Advances in Computing, Communications and 2014

[71] MV Bhalerao, M Sumathi, SS Sonavane, “Line of sight model for visible light communication using Lambertian
radiation pattern of LED”, International Journal of Communication Systems 30 (11), e3250, 2017

[72] MV Bhalerao, M Sumathi, SS Sonavane, “Visible Light Communication: Implementation and Analysis”, Far East
Journal of Electronics and Communications 33-46, 2019

[73]  Srinivas, N., et al. (2019). "Smart Attendance System using Convolutional Neural Networks." Procedia Computer
Science, 165, 677-685.

414



Dr. Rahul S.Pol, Dr. Altaf O. Mulani and Dr. Manoj V. Bhalerao

[74]  Mr. Rahul S. Pol, Dr. B. Sheela Rani. Dr. M. Murugan, "Unoccupied Floor Extraction in Autonomous Mobile Robot
Navigation" Journal of Electronic Design and Technology Volume 8 Issue 2: 2017. Technology (stmjournals.com)

[75]  Mr. Rahul S. Pol, Mt. Suyash Dhabare "Automated Face Recognition Based Attendance System using LBP Recognizer",
International Journal od Advance Scientific Research and Engineering Trends", Volume 5, Issue 4, April 2020, ISSN
(Online) 2456-0774,

[76]  Mr. Rahul Pol, Mr. Kedar Naik, "Passenger Ground Vehicle Live Parameter Monitoring and Governing Using
Automotive IVN Prototype Mode", EPH - International Journal of Science And Engineering, ISSN: 2454, Aug 2019, vol 5,
issue 8, pp 16-21.

[77]  Liyakat, K. K. S., Warhade, N. S., Pol, R. S., Jadhav, H. M., & Mulani, A. O. (2022). Yarn quality detection for textile
industries using image processing. Journal Of Algebraic Statistics, 13(3), 3465-3472.

[78] Pol, R. S., Deshmukh, A. B., Jadhav, M. M., Liyakat, K. K. S., & Mulani, A. O. (2022). iButton Based Physical access
Authorization and security system. Journal of Algebraic Statistics, 13(3), 3822-3829.

[79] Kalyankar, P. A., Mulani, A. O., Thigale, S. P., Chavhan, P. G., & Jadhav, M. M. (2022). Scalable face image retrieval
using AESC technique. Journal Of Algebraic Statistics, 13(3), 173-176.

[80] Takale, S., & Mulani, A. (2022). DWT-PCA Based Video Watermarking. Journal of Electronics, Computer Networking
and Applied Mathematics JECNAM) ISSN, 2799-1156.

[81] Gadade, B., & Mulani, A. (2022). Automatic System for Car Health Monitoring. International Journal of Innovations
in Engineering Research and Technology, 57-62.

[82] Kamble, A., & Mulani, A. O. (2022). Google assistant based device control. Int. J. of Aquatic Science, 13(1), 550-555.
[83] Boxey, A., Jadhav, A., Gade, P., Ghanti, P., & Mulani, A. O. (2022). Face Recognition using Raspberry Pi. Journal of
Image Processing and Intelligent Remote Sensing (JIPIRS) ISSN, 2815-0953.

[84] Takale, S., & Mulani, D. A. Video Watermarking System. International Journal for Research in Applied Science &
Engineering Technology (IJRASET), 10.

[85] Patale, J. P., Jagadale, A. B., Mulani, A. O., & Pise, A. (2022). Python Algorithm to Estimate Range of Electrical
Vehicle. Telematique, 7046-7059.

[86] Utpat, V. B., Karande, D. K., & Mulani, D. A. Grading of Pomegranate Using Quality Analysis. International Journal
for Research in Applied Science & Engineering Technology (IJRASET), 10.

[87] Sawant, R. A., & Mulani, A. O. (2022). Automatic PCB Track Design Machine. International Journal of Innovative
Science and Research Technology, 7(9).

[88] Pathan, A. N., Shejal, S. A., Salgar, S. A., Harale, A. D., & Mulani, A. O. (2022). Hand gesture controlled robotic
system. Int. J. of Aquatic Science, 13(1), 487-493.

[89] Kolekar, S. D., Walekar, V. B., Patil, P. S., Mulani, A. O., & Harale, A. D. (2022). Password Based Door Lock System.
Int. J. of Aquatic Science, 13(1), 494-501.

[90] Jadhav, M. M. (2021). Machine learning based autonomous fire combat turret. Turkish Journal of Computer and
Mathematics Education (TURCOMAT), 12(2), 2372-2381.

[91] Nagane, U. P., & Mulani, A. O. (2021). Moving object detection and tracking using Matlab. Journal of Science and
Technology, 6, 86-89.

[92] Mulani, A. O., & Shinde, G. N. (2021). An approach for robust digital image watermarking using DWT-PCA. Journal
of Science and Technology, 6(1).

[93] Maske, Y., Jagadale, M. A., Mulani, A. O., & Pise, M. A. (2021). Implementation of BIOBOT System for COVID
Patient and Caretakers Assistant Using IOT. International Journal of Information Technology &Amp, 30-43.

[94] Mane, P. B.,, & Mulani, A. O. (2019). High throughput and area efficient FPGA implementation of AES algorithm.
International Journal of Engineering and Advanced Technology, 8(4).

[95] Shinde, G., & Mulani, A. (2019). A robust digital image watermarking using DWT-PCA. International Journal of
Innovations in Engineering Research and Technology, 6(4), 1-7.

[96] Mane, P. B., & Mulani, A. O. (2018). High speed area efficient FPGA implementation of AES algorithm. International
Journal of Reconfigurable and Embedded Systems, 7(3), 157-165.

[97] Mulani, A. O., & Mane, P. B. (2018). Secure and area efficient implementation of digital image watermarking on
reconfigurable platform. International Journal of Innovative Technology and Exploring Engineering, 8(2), 56-61.

[98] Mulani, A. O., & Mane, D. P. (2017). An Efficient implementation of DWT for image compression on reconfigurable
platform. International Journal of Control Theory and Applications, 10(15), 1-7.

[99] Mulani, A. O., & Mane, P. B. (2017). Watermarking and cryptography based image authentication on reconfigurable
platform. Bulletin of Electrical Engineering and Informatics, 6(2), 181-187.

[100] Kondekar, R. P., & Mulani, A. O. (2017). Raspberry Pi based voice operated Robot. International Journal
of Recent Engineering Research and Development, 2(12), 69-76.

[101] Abhangaro, R. (2017). Design And Implementation Of 8-bit Vedic Multiplier. International Journal of
Research Publications in Engineering and Technology (ISSN No: 2454-7875).

[102] Mulani, A. O., & Mane, P. B. (2016). Area efficient high speed FPGA based invisible watermarking for
image authentication. Indian journal of Science and Technology.

[103] Ghodake, M. R. G., & Mulani, M. A. (2016). Sensor based automatic drip irrigation system. Journal for

Research, 2(02).

415



Cloud Based Memory Efficient Biometric Attendance System Using Face Recognition

[104] Kulkarni, P., & Mulani, A. O. (2015). Robust invisible digital image watermarking using discrete wavelet
transform. International Journal of Engineering Research & Technology (IJERT), 4(01), 139-141.
[105] Kulkarni, P. R., Mulani, A. O., & Mane, P. B. (2017). Robust invisible watermarking for image

authentication. In Emerging Trends in Electrical, Communications and Information Technologies: Proceedings of ICECIT-
2015 (pp. 193-200). Springer Singapore.

[106] Ghodake, R. G., & Mulani, A. O. (2018). Microcontroller Based Automatic Drip Irrigation System. In
Techno-Societal 2016: Proceedings of the International Conference on Advanced Technologies for Societal Applications
(pp. 109-115). Springer International Publishing.

[107] Swami, S. S., & Mulani, A. O. (2017, August). An efficient FPGA implementation of discrete wavelet
transform for image compression. In 2017 International Conference on Energy, Communication, Data Analytics and Soft
Computing (ICECDS) (pp. 3385-3389). IEEE.

[108] Deshpande, H. S., Karande, K. J., & Mulani, A. O. (2015, April). Area optimized implementation of AES
algorithm on FPGA. In 2015 International Conference on Communications and Signal Processing (ICCSP) (pp. 0010-
0014). IEEE.

[109] Mandwale, A. J., & Mulani, A. O. (2015). Different Approaches For Implementation of Viterbi decoder on
reconfigurable platform. In 2015 International Conference on Pervasive Computing (ICPC) (pp. 1-4). IEEE.
[110] Mandwale, A., & Mulani, A. O. (2014, December). Implementation of Convolutional Encoder & Different

Approaches for Viterbi Decoder. In IEEE International Conference on Communications, Signal Processing Computing and

Information technologies.

[111] Mulani, A. O., & Mane, P. B. (2014, October). Area optimization of cryptographic algorithm on less dense
reconfigurable platform. In 2014 International Conference on Smart Structures and Systems (ICSSS) (pp.86-89). IEEE.
[112] Deshpande, H. S., Karande, K. J., & Mulani, A. O. (2014). Efficient implementation of AES algorithm on
FPGA. In 2014 International Conference on Communication and Signal Processing (pp. 1895-1899). IEEE.

[113] A. O. Mulani and Dr. P. B. Mane, “High throughput area efficient FPGA implementation of AES
Algorithm”, in the Intech Open Access Book entitled Computer and Network Security, Feb. 2019.

[114] Hemlata M. Jadhav, Altaf Mulani and Makarand M. Jadhav, “Design and Development of Chatbot based on

Reinforcement Learning”, in the Wiley-IEEE book entitled Natural Language Processing using Machine and Deep Learning,
2022.

[115] A.O.Mulani, M. M. Jadhav and Mahesh Seth, “Painless Non-invasive blood glucose concentration level
estimation using PCA and machine learning” in the CRC Book entitled Artificial Intelligence, Internet of Things (IoT) and
Smart Materials for Energy Applications, 2022.

[116] A. P. Godse and A. O. Mulani, “Embedded Systems”, Technical Publications, Pune.

[117] A. O. Mulani and A. A. Rajguru, “Basic Electronics & Computer Programming”, Crescent Publications,
Pune

[118] A. O. Mulani, “Optical Communication”, Electrotech Publications, Satara.

[119] A. O. Mulani and P. B. Mane, “DWT based robust invisible watermarking”, Scholars' Press.

416



