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Abstract

Our research is focused on developing an effective attendance system that matches the conditions of pandemic or
other specific pandemic situations. We have built a legacy system using Randomized QR-Code and MAC-Address
as the authentication method. Based on the analysis, it is known that users need around 25.8877 seconds to
authenticate their presence in the system. Therefore, we are trying to improve the authentication time and robustness
of the system by using user facial biometrics. Facial biometrics was chosen because it is the most appropriate way to
authenticate one's identity during pandemic, where physical contact is unnecessary or even expected to be avoided.
According to several test scenarios, it is known that our new system takes time simultaneously to recognize the user
and record their presence data once they show their face to the recognition camera. This new system can also run
more powerfully with a percentage of 1.26% processor time, 16.9059% faster than the previous system, because it is
deployed in a web browser using the latest web app framework technology, which can run on various devices. Based
on these findings, our new approach successfully improves its predecessor systems. To produce a robust attendance
system, we must implement a Biometric Authentication method, which is enhanced with other secure authentication
methods such as Random QR-Code scanning. With a combination of these methods, an attendance system will run
safely and efficiently.
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1. INTRODUCTION

The pandemic that occurred worldwide in 2019 taught us the importance of maintaining physical
distance between individuals. This disease is easily transmitted through close contact with infected
people. This pandemic has become a major problem in the workplace because we are strongly
encouraged to avoid crowds as much as possible [1], [2]. Worker attendance plays an important role in
supporting increased productivity in the workplace [3]. It also affects production costs, while decreased
productivity has a direct and indirect impact on the economy and society as a whole [4]. Workers are
expected to be present at work at the specified time and to be committed to supporting productivity even
during a pandemic.

Though it is unexpected, the absence of workers is undeniable and mostly happens in many
workplaces. Many hypotheses about job dissatisfaction causing absenteeism are growing around
working environments. Even though it is convincing, absenteeism is unrelated to job dissatisfaction [5].
When the workers are not attending the workplace at critical hours, it may place an additional burden
on employers and other workers. The absence of workers may reduce the quality of public and private
goods or services. We may use traditional methods like paper sheets or other media to keep track of the
workers' attendance. Attendance Systems are necessary for modern human resource managers to collect
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data automatically. The automatic attendance system will present efficiency, accuracy, and time
convenience [6].

During the pandemic, traditional attendance systems such as fingerprint scanners, manual
signatures, or ID card tapping posed a high risk of virus transmission due to their reliance on physical
contact. These conventional systems were no longer compatible with the new safety requirements that
emphasized contactless interaction. Consequently, organizations began to seek alternative attendance
mechanisms that could minimize physical contact while maintaining accuracy and reliability. This
demand accelerated research and innovation in digital attendance systems, particularly those based on
biometric recognition and web-based technologies.

Researchers have made many approaches to develop the attendance system. They use various
tools and methods such as Radio Frequency Identification (RFID) [7]-[13], QR-Code [14]-[17], and
biometrics [18]-[22]. Those methods vary in device, concept, and algorithm. People usually hire one
method over another to match their complexity needs, project scale, budget, etc. In the RFID-based
attendance system, we authenticate our presence by placing the tagged object near the RFID reader. We
must always bring the tagged object to authenticate our presence in the working environment. We may
get into problems when forgetting to bring the object, which is a fundamental problem. The burden
should be returning to take the object and returning to the workplace. To tackle such a problem, we may
use the QR-Code-based attendance system to embed the code within our dependent object, such as a
smartphone. A smartphone has a big role in our life nowadays. We are attached to it and effortlessly
bring it anywhere we go, so it will not become a burden to bring it to work. This method can be
considered efficient and effective.

We have implemented the QR-code-based attendance system in our previous research [23]. The
users must scan the QR-Code shown by the host computer with their smartphone. We also used mac-
address as an identification code to authenticate the user's identity. According to some tests, users are
required around 25.8877 seconds to authenticate their presence within the system (from connecting to
the local network until successfully signing up). The system can be considered low-cost because it only
needs a simple local network setup using preexisting computers and the user's smartphones. The system
can be improved in some aspects such as the authentication method, the design of interface, and the
target platform (where the system will be running on).

Since the previous system worked well for tracking attendance data while maintaining low costs
and good security [23], we decided to improve it to suit pandemic conditions and increase authentication
time and system resilience by using user facial biometrics. We propose a new approach using biometric
authentication methods to minimize contact that could reduce virus transmission in the workplace. We
strive to maintain the system's low-cost features so that it remains relevant and can be easily installed in
many workplaces.

2. METHOD

After successfully developing the low-cost attendance system using the QR-Code authentication
method, we found that the system can be improved further to be suitable for the pandemic. The
improvements are on the authentication method, usage protocol, and the targeted platform. Figure 1
shows our latest system, which uses facial recognition authentication. We expect our new system to
provide better performance while still facilitating us with a more efficient authentication method.

The system is deployed as a web app in the internet browser. The web app allows us to run our
proposed system on many devices regardless of the targeted operating system, since it is often described
as cross-platform. As shown in Figure 1, users can indicate their presence by only showing their face to
the camera, while the App recognizes and shows the attendance data to the screen. With such working
scheme, we can propose a usage protocol (Figure 2) that suits pandemic era.
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Figure 1. Proposed Attendance System Design

Users are queuing in front of the camera. They sign their presence only by showing their face to
the camera. The distance between users is determined according to the common public protocol for
visitors in public places by the Indonesian Ministry of Health [24]. With the camera ability, such as field
of view, tracking more than one person at a time is possible. With this schema, the touches between
persons are minimized, and the required time to sign in is decreased.

Users loginto the system by showing their face to camera.
Users are queuing with minimal distance of 1.5 meters to
decrease the virus's transmission rate.

15meters 1.5meters 1.5 meters 1.5meters

Users are automatically signedinif they log into the system before 1pm.
Users are automatically signed ou when they loginto the system after 1 pm.

signin

signout

Figure 2. Proposed System Usage Scheme

In this study, a Convolutional Neural Network (CNN) was employed as the primary method for
automatic face detection and recognition. The CNN architecture is capable of learning facial
representations by distinguishing unique patterns such as the shape of the eyes, nose, and mouth.
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Through a training process using a facial dataset, the CNN constructs a representative model that can be
utilized to perform real-time identification.

We implemented face-api.js, a JavaScript-based library that applies CNN on the client side
directly within the browser. This library leverages the MobileNetV1 model, which is lightweight yet
maintains a high level of accuracy for face recognition applications. The inference process is executed
directly in the browser, eliminating the need for large-scale server computation and ensuring user
privacy.

Technically, whenever a user appears in front of the camera, the system captures the facial image
and extracts landmark features such as the positions of the eyes, nose, and lips. These features are then
compared with stored facial representation vectors in the database using Euclidean distance or cosine
similarity methods. If the similarity distance falls below a predefined threshold, the system recognizes
the user and displays the corresponding identity on the screen.

Our proposed system implements two facial biometric detection and recognition methods. The
standalone desktop system uses the Harr Cascade algorithm, while the web app uses Mobilenet CNN.
The Harr Cascade algorithm will perform well when the object is not far from the camera and is
commonly used for real-time and low-power applications because of its fast detection [25]- [29]. The
Mobilenet CNN can be effectively implemented in various applications, such as object detection, face
attributes, and large-scale geo-localization. Hence, we implement it in our web app system. Mobilenet
CNN is commonly used in mobile and real-time applications by its fast performance capability [30]-
[35].

3. RESULT

The development of our attendance system has undergone several progressive stages, starting
from a simple standalone prototype to a more advanced and efficient architecture. Initially, the system
was designed as a standalone application written in the C# programming language and executed on the
Windows 10 operating system. This early stage of development focused on building a stable local
environment for managing attendance data and establishing a secure authentication process for users
within a closed network. The main objective at this stage was to test the feasibility of digital attendance
using a low-cost and easily deployable technology stack.

In the first version of the system, we adopted a Randomized QR-Code authentication method.
Each user was assigned a unique QR code that dynamically changed at specific time intervals to reduce
the risk of code duplication or misuse. This mechanism was designed to enhance security and prevent
unauthorized access by ensuring that each QR code could only be used within a limited session. Users
were required to connect to the local network and scan the randomized QR code using a compatible
device before their attendance could be recorded.

Performance evaluation was conducted to measure the efficiency of this approach. As shown in
Figure 3, the average time required for users to sign in was 25.8877 seconds, calculated from the moment
a user connected to the local network until the attendance record was successfully submitted. This result
indicates that the system required a relatively long processing time for a simple authentication task. The
delay primarily occurred because users had to establish a stable connection to the local network before
being able to scan and verify their QR codes.

While the Randomized QR-Code system successfully provided a basic level of authentication and
security, it presented several practical limitations. The dependency on local network connectivity
created bottlenecks, particularly in environments where network performance fluctuated or multiple
users attempted to sign in simultaneously. Moreover, the scanning process required additional hardware,
such as a QR-Code scanner or a mobile device with a functioning camera, which limited the scalability
and convenience of the system.
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These challenges highlighted the need for a more flexible, responsive, and user-friendly
attendance mechanism. The findings from this stage became a critical reference for subsequent
development, leading to the adoption of face recognition technology as an alternative authentication
method in later versions of the system. By identifying the weaknesses of the Randomized QR-Code
approach, we were able to formulate new design goals focused on reducing sign-in time, enhancing
usability, and eliminating dependency on local network configurations, which became the foundation
for the next phase of system improvement.
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Figure 3. Required time to sign in with Randomized QR-Code based Attendance System

After successfully developing the Randomized QR-Code-based attendance system, the next phase
of our research focused on implementing a new approach using the Haar Cascade algorithm for face
detection. This transition was motivated by the need to create a more automated and efficient attendance
system that eliminates dependency on local network connections and external devices such as QR-Code
scanners. By using facial detection, the authentication process could become faster, more seamless, and
contactless, allowing users to simply appear in front of a camera instead of performing manual
interactions with hardware devices.

The Haar Cascade Classifier, was selected due to its reputation as a lightweight and
computationally efficient algorithm for real-time face detection. The algorithm operates by identifying
Haar-like visual features, which capture the intensity differences between specific regions of the face
such as the eyes, nose, and mouth. Through a supervised training process using datasets containing both
face and non-face images, the classifier builds a model capable of distinguishing facial areas from
background regions. In this study, the Haar Cascade algorithm was utilized as the core detection
mechanism to identify the presence of a face in front of the camera before proceeding to the recognition
phase.

This version of the attendance system was implemented as a standalone desktop application
running on Windows 10, as illustrated in Figure 4. The application was developed using the C#
programming language with a simple graphical user interface (GUI) that displayed a live camera feed
along with bounding boxes around detected faces. However, at this stage, the system was only capable
of detecting faces—it could not yet recognize or identify individual users. Despite this limitation, the
system successfully demonstrated the feasibility of integrating real-time face detection into the
attendance process and laid the foundation for further enhancement.

During the testing phase, the Haar Cascade-based system performed relatively well under stable
lighting conditions and when users faced the camera directly. However, it encountered several
challenges when users tilted their heads, partially covered their faces, or operated in low-light
environments. These weaknesses stemmed from the algorithm’s reliance on basic visual features, which
made it less adaptable to variations in facial orientation, illumination, or expression. Nevertheless, this
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approach marked a significant improvement over the QR-Code-based system, as it reduced
authentication time and eliminated the need for external scanning devices.

In addition to technical limitations, the development process also faced challenges in designing
a more engaging and user-friendly interface. The standalone app built with Windows Forms had
restricted flexibility in layout customization and aesthetic design. It was difficult to enhance the interface
with interactive or modern visual elements, and every code update required recompilation and
redeployment, slowing down the overall development and testing cycle. These limitations motivated the
transition to a more dynamic platform that supports faster iteration and better user experience.

Although the Haar Cascade-based version had its shortcomings, it served as an essential
transitional stage toward building a more advanced face recognition-based attendance system. The
experiences and insights gained during this stage helped identify the technical constraints of
conventional face detection methods and underscored the need for a more adaptive and intelligent
approach. Consequently, the research progressed to implementing a Convolutional Neural Network
(CNN) model, which provided robust real-time face detection and recognition capabilities within a Web
Application environment.
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Figure 4. An earlier version of the Attendance System deployed as Standalone App
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We decided to switch the platform from desktop Standalone App to Web App to speed up the
development process. Web Apps nowadays are well known for their fast prototyping features and easy
deployment across many computer devices, while also known for its usability, budget flexibility, and
maintenance plans from the start. Figure 5 shows our new attendance system layouts and performance
comparison of QR-Code-based attendance system, Harr Cascade-based attendance system and
Mobilenet CNN-based attendance system. The left shows a main layout consisting of a menu, title,
camera view, logo, table, and date info. The right one shows an input layout consisting of a camera view,
five photo frames, and a save button for users to upload their image references in the biometric data
processing. These are our final system looks. The web app platform gave us more control to design a
better interface that is easy to use and prone to fast changes.

Our new attendance system uses a convolution neural network to detect and recognize faces. We
use powerful face-api.js, a JavaScript API that allows people to face recognition in the browser. This
API implements several Convolution Neural Networks (CNN) to solve face detection, recognition, and
landmark detection that runs optimized in web and mobile devices. The performance comparison
between our systems is shown in Figure 6 below. These graphics show that our latest system performs
better than the harr cascade-based system, while it also works more robustly than the QR-Code-based
system. Our latest system uses less processor time than a harr cascade-based system and can authenticate
users in real-time. This indicates how well the algorithm is for improving the predecessor system.
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Figure 5. Performance Comparison of, QR-Code-based attendance system, Harr Cascade-based
attendance system and Mobilenet CNN-based attendance system

4. DISCUSSIONS

This research has undergone several stages of attendance system development, beginning with a
Randomized QR-Code—based approach, followed by face detection using the Haar Cascade algorithm,
and finally transitioning to a Convolutional Neural Network (CNN)—based web application. Each stage
demonstrated significant improvements in efficiency, authentication speed, and system usability. This
progressive transition reflects the technological evolution of authentication methods—from random
pattern—based mechanisms toward Al-driven facial recognition systems that are more modern and
efficient.

In the initial system, the use of Randomized QR-Code authentication resulted in an average
authentication time of 25.8877 seconds. This duration was relatively long for a routine activity such as
daily attendance. The delay was mainly caused by the need for users to first connect to a local network
before scanning could occur. Moreover, the system was highly dependent on the stability of both the
network and the QR scanner device. These results align with previous studies that identified QR-based
systems as inefficient in environments with unstable network conditions. This limitation became the
basis for developing the next stage—implementing facial recognition technology that reduces
dependency on local networks and external devices.

The implementation of the Haar Cascade algorithm marked the first step in integrating computer
vision into the attendance system. This algorithm was capable of detecting the presence of human faces
in images or videos in real time. However, its major limitation was the inability to recognize specific
identities. The system could detect facial patterns but could not distinguish between individual users. In
addition, the user interface (UI) of the standalone version was simple and unattractive, making it difficult
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to adopt in broader organizational contexts. These findings support claims that standalone applications
often face limitations in terms of scalability and interface design flexibility.

To overcome these challenges, the research team decided to migrate the system to a web-based
platform. This transition offered multiple advantages, including improved development efficiency,
easier updates, and enhanced user experience. With a web-based interface, the system can run on various
devices without requiring specific installations, thus expanding its accessibility. This approach is
consistent with prior studies emphasizing that web-based systems enable rapid updates, modern API
integration, and long-term cost efficiency in maintenance.

In the final phase, the CNN-based attendance system, implemented through the face-api.js library,
demonstrated a substantial improvement in performance compared to the previous two approaches. This
technology allows the system to not only detect but also recognize users’ faces in real time with high
accuracy. Experimental results showed that the CNN-based system required shorter processing time
than Haar Cascade and was significantly more efficient than the Randomized QR-Code system.
Additionally, it consumed fewer processing resources, indicating that CNN architectures can deliver
optimal performance with minimal computational load. This finding aligns with studies asserting that
modern CNN architectures such as MobileNet achieve fast and efficient facial recognition performance
across various devices, including browsers and smartphones.

From a user interface design perspective, the web platform also provides greater flexibility to
create intuitive and visually appealing layouts. As shown in Figure 5, the final design consists of two
main views: the main layout, which serves as the central attendance interface, and the input layout, used
for user face image registration. This design helps users understand the system flow more easily,
facilitating faster adoption of the technology in workplaces and educational institutions.

Furthermore, the performance comparison results Figure 6 revealed that the CNN-based system
outperformed other approaches not only in terms of speed and efficiency but also in scalability. In
practice, the system can accommodate multiple users simultaneously without significant degradation in
performance. This makes it especially effective in scenarios requiring minimal physical interaction, such
as during pandemic conditions. These findings reinforce the importance of implementing contactless
attendance systems, which are increasingly relevant in modern institutions.

Overall, this study demonstrates that the evolution from QR-Code—based to CNN-based web
attendance systems represents a major advancement in efficiency, usability, and reliability. This
approach can serve as a foundation for developing future smart attendance systems, potentially
integrating additional technologies such as cloud computing, edge Al, and blockchain to ensure the
security of biometric data. Therefore, this research not only contributes to technical efficiency
improvements but also opens new opportunities for digital transformation in academic and industrial
administration systems.

5. CONCLUSION

Based on various development and testing processes, it is known that our latest Web App provides
better process performance than predecessor systems. Our latest system takes the signing time almost
simultaneously (obtained by calculating average time when system started to run the face recognition
process until it is able to recognize the face and print the appropriate name on the screen) compared to
the 25.8877 seconds required by the predecessor system. It also has the lowest processor time percentage
of 1.26% compared to other predecessor systems. Web App also offers a better ability to develop and
test than standalone apps. The web app has the availability of plugins on the internet and a rapid edit-
release process. Project update and scale development efforts from Web App are also better than
Standalone App because the integration of various types of server-based databases and display theme
changes can be done easily today.
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This system is designed to enable users to perform the attendance process flexibly and without
physical contact (contactless), either directly in the workplace or remotely, as long as the user’s face can
be detected by the camera. This flexibility allows the attendance process to continue even when users
are under social restrictions or working from home. Furthermore, observations show that several users
can perform the attendance process simultaneously (multiuser) without reducing system accuracy,
provided they maintain a safe distance from each other and ensure that their faces are clearly captured
by the camera. This aligns with the principle of physical distancing implemented during the pandemic,
where the attendance system can record attendance in real time without causing crowding. Therefore,
the developed system not only enhances efficiency in the authentication process but also supports the
effective implementation of public health policies, making it an ideal solution for use in workplace and
educational environments in the post-pandemic era.
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