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Abstract . The research focuses on creating an automated attendance system using face recognition through
the Convolutional Neural Network (CNN) approach at IPB University's Vocational School. The current
manual attendance methods show limitations, such as potential inaccuracies in recording and the risk of
cheating, such as attendance proxies. To overcome these challenges, this study applies the CNN approach
with Python and OpenCV, enabling automatic face detection and recognition for students. The system
accurately logs attendance by identifying faces in real time. Testing indicates that the system records
attendance reliably, whether with a single individual or with multiple faces present within a single frame.
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1. BACKGROUND

In educational environments, such as at IPB University's Vocational School, the
current attendance recording process is still carried out manually. Students can record
attendance through a mobile application by manually clicking attendance or using paper-
based attendance in class. Although mobile applications facilitate the attendance process,
this method is still susceptible to recording errors and fraud, such as asking for attendance
or students who record attendance even though they are not on campus. This kind of fraud
can damage the integrity and accuracy of attendance data.

Advances in technology have made facial recognition an innovative solution to
improve the efficiency and accuracy of attendance systems. This technology utilizes
image processing algorithms to detect and recognize individual faces in real-time ,
enabling fast and automatic attendance recording. Attendance systems that use facial
recognition enable automatic attendance recording without manual interaction. Thus, the
risk of fraud is reduced and attendance data processing becomes easier.

This study aims to implement an automatic attendance system that uses facial
recognition technology based on the Convolutional Neural Network (CNN) method, by
utilizing the Python programming language and the OpenCV library at the IPB University
Vocational School. Through this implementation, it is expected that the attendance
process can be carried out more efficiently and accurately, and offers a better solution

compared to the manual method currently applied.
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2. THEORETICAL STUDY
1. Automatic Attendance System

The term "Automatic Attendance System™ is composed of three main
words, namely system, absence, and automatic. A system can be defined as a set
of procedures or components that are interconnected and operate together to
achieve the same goal (Napitupulu & Ekaputri, 2017). Absence means "not
present,” but can also be interpreted as the presence or absence of a person in the
context of individuals involved in an organization. In this case, it is important to
provide information about the condition or presence of the person in the
organizational environment (Husain et al., 2017). Automatic is working alone or
by itself (Prabowo et al., 2020).

In other words, an automated attendance system is a system that
automatically records the presence or absence of individuals within an
organization, providing accurate information without requiring manual
interaction, and increasing efficiency in managing attendance data.

2. Facial Recognition ( Face Recognition )

Facial recognition is a form of biometric technology that is often used in
security systems, providing an alternative to other biometric methods such as iris,
fingerprint, and retina scanning (Muliawan et al., 2015). This technology aims to
recognize and verify individuals based on the unique characteristics of their faces.
The process begins with capturing a facial image, followed by image analysis to
extract distinctive features. Once these features are generated, the system
compares them to data stored in a database to perform identification. The results
are then verified to ensure the accuracy of the match before appropriate access or
authorization is granted. Facial recognition has a variety of applications, such as
in door security, surveillance systems, and identification, using algorithms and
image processing techniques to achieve high levels of accuracy and efficiency
(Khair et al., 2024).

3. CNN ( Convolutional Neural Network )

Convolutional Neural Network (CNN) is a deep learning algorithm
specifically designed to analyze visual data, especially images. It works by
applying learned weights and biases to various elements in an image, to recognize

important characteristics that distinguish one object from another. CNN become
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one of the neural network architectures that is widely used in image data
processing (Azmi et al., 2023).

4. Python

Python is a programming language with a high level of complexity,
developed by Guido van Rossum and first introduced to the public in 1991
(Alfarizi et al., 2023). In recent years, Python's popularity has increased rapidly
and is now considered one of the leading programming languages. Python is
included in the category of scripting programming languages that can operate on
various platforms, such as Mac and Windows. This language is open source, so it
can be accessed and modified by anyone. Python allows programmers to write
code with simple syntax, similar to human language. Various Python applications
include web development, numerical programming, game development, and
access to serial ports, which often interact with programming languages such as
C and C++ (Setiono et al., 2020).

5. OpenCV

Open Computer Vision (OpenCV) is an open source library specifically
designed for image processing. The goal of OpenCV is to provide computers with
visual capabilities that resemble the way humans process visual information. This
library offers a variety of basic algorithms for computer vision and is equipped
with an object detection module that utilizes computer vision techniques
(Zulkhaidi et al., 2020). OpenCV offers more than 2500 optimization algorithms
that allow efficient image manipulation, processing, and editing. In addition, this
library supports various programming languages such as C, C++, Python, Java,
and PHP. OpenCV can also be applied in various fields, including Human-
Computer Interaction (HCI), object identification and recognition, face detection
and recognition, gesture recognition, movement tracking, image processing, and

applications in the field of mobile robotics. (Santoso et al., 2020).

3. RESEARCH METHODS

This study focuses on testing the performance and accuracy of a Convolutional
Neural Network (CNN)-based facial recognition system. The data used is a collection of
facial images of students who voluntarily participated as research objects, taken directly
from various angles and lighting conditions to ensure the diversity of data that supports

the accuracy of facial recognition. After that, the facial data is processed through a
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preprocessing stage to detect facial areas and perform basic image processing, without
involving additional attributes such as masks. The series of research stages are presented

in the following diagram.

. Ekstraksi Perancangan Model Pelatihan Model Implementasi .
Reiskpg Datasel Ciri Deteksi Wajah Pengenalan Wajah Hasil

Figure 1. Research Stages Diagram.

This study utilizes various tools and software. One of the software used is Visual
Studio Code, which functions as an Integrated Development Environment (IDE). Various
Python libraries are utilized in this study, including OpenCV which is used for basic
image processing, face_recognition for the purpose of face detection and recognition ,
and datetime which functions to record the time and date when the attendance process is
carried out. In addition, pandas is chosen to manage and analyze the attendance data
obtained, while pickle is used to store the data. The csv format is used to export attendance
data for further processing. This study uses hardware, namely a laptop equipped with a 2
GHz Quad-Core Intel Core i5 processor, an Intel Iris Plus Graphics 1536 MB graphics
card and 16 GB 3733 MHz LPDDR4X memory.

4. RESULTS AND DISCUSSION
System Design

In the system design phase, the visualization and application development
process for this system will be carried out. In the data input stage, the process begins when
the user activates the application to input student facial data using a webcam. The user
enters the student's name and Student Identification Number (NIM) to be recorded. Next,
the system accesses the database to store the data. The student's name and NIM are added
to the database, and the data that has been entered is loaded for processing. The system
then takes a frame from the webcam, detects the facial area in the frame, and processes
the detected face into a unique encoding. This facial encoding is then stored in the
database along with the student's name and NIM. After all processes are complete, the
webcam is removed and the data input stage is declared complete. The following is a
diagram of the data input stage in the system.
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Input Nama Mahasiswa Hnuut Nim Mahasiswa Buka file database
j Tambahkan Nim dan Nama H Muat data H Buka file database
Ambil Frame dari Webcam H Temukan Wajah dalam Frame H Ambil Encoding Wajah J

SmDa‘ Data Encoding ke DatabaSEH Lepaskan Webcam H Ambil Encoding Wajah

Figure 2. Data Input Stage Diagram.

After the data input stage is successfully completed, the application continues to
the attendance process. This process begins by opening the system for attendance
purposes. The system reads the facial encoding data from the previously stored database
and prepares a list of facial encodings for matching. The current date is recorded for
attendance recording purposes, and the webcam is activated to capture real-time images
of students' faces. The previous attendance data is read from a CSV file, and the system
creates a new CSV file with the current date to store that day's attendance data. Variables
are prepared to store the location of the detected face and student name, and then the
system enters a loop to continuously capture images from the video. Frames are captured
from the video repeatedly to monitor the presence of faces. The system then matches the
facial encoding from the video frames with the encoding in the database, and when a face
IS recognized, the attendance data is stored in a CSV file along with the current time and
date. After the attendance process is complete, the webcam is removed, and the automatic
attendance process is declared complete. The following is a diagram of the stages of the

attendance process.

Membaca database Siapkan List untuk Encoding Ambil Tanggal
Saat Ini
Baca Data dari Buat File CSV dengan
Membuka Web:amHMembuka Web:amH File CSV H Tangaal Saat Ini
Inisialisasi Variabel unfuk Penyimpanan . N
Lokasi dan Nama Waiah Mulai Loop Video Ambil Frame dari Video l

Release Webcam Buat File CSV dengan
Tanggal Saat Ini

Figure 3. Diagram of the Attendance Process Stages.
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System Implementation

At this stage, the collection of student facial image databases for the attendance
system is carried out. Students will input their facial data using a webcam. In this process,
they will follow the application's instructions to enter their name and Student

Identification Number (NIM) before their faces are captured by the webcam.

Figure 4. Student Data Input Stage.

Figure 5. Student Data Input Stage.

System Testing
The system testing phase is carried out to evaluate the performance of the facial
recognition-based attendance application. This testing covers various scenarios, including
cases where students' faces are detected properly (successfully) and situations that cause
attendance to fail. The results of this testing will provide an overview of the effectiveness
of the system in recognizing students' faces.
1. Attendance Successful
Several examples of successful attendance show that the system is able to detect
students' faces accurately and record their data in the database. In Figures 6 and

7, the attendance process was successful even though Figure 7 shows many
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individuals in one frame, the system still managed to detect all faces and record
their attendance in the database.

Luthfi Dhika Candra

Albert Winston,J04030001337

Figure 8. Database when attendance is successful
2. Attendance Failed
Some of the images below show examples of attendance failures caused by several
factors, including the system's inability to detect faces due to obstructions such as
paper, distances that are too far for faces to be detected, and attendance failures

due to unregistered students.
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Figure 9. Face Recognition Not Detected

Mahasiswa tidak terdaftar! ;

Figure 11. Tracking and Facial Recognition of Unregistered Students
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5. CONCLUSION
This research successfully designed and implemented an automatic attendance
system that uses facial recognition with the Convolutional Neural Network (CNN)
approach. From the test results, this system demonstrated its ability to record student
attendance effectively, both in scenarios where there is only one student and when many
faces are detected in one frame. The presence of this system is expected to minimize the
risk of fraud, such as asking for attendance, and increase the accuracy and integrity of
attendance data. In addition, this system offers a more practical solution compared to the

manual attendance method which is still often used.
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