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Abstract

In recent years, biometric technologies such as retina scanning, fingerprint recognition, voice recognition, and facial recognition have
advanced rapidly and been widely implemented, particularly in security systems for identification and verification. Among these
modalities, the human face possesses unique characteristics that make it highly suitable for recognition systems. However, facial
recognition by computers remains a complex task that requires highly accurate algorithms. Deep learning has played a crucial role in
improving the accuracy and speed of facial recognition systems, particularly in handling lighting variations and pose changes. This study
focuses on the implementation of the Linear Discriminant Analysis (LDA) algorithm for feature extraction and facial classification. LDA
has been proven to reduce data dimensionality without losing essential information and improve accuracy by maximizing inter-class
differences while minimizing intra-class variations. Therefore, LDA offers an effective solution for developing structured, efficient, and
accurate facial recognition systems.
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1. Introduction

In recent years, biometric technologies such as retina scanning, fingerprint recognition, voice recognition, and facial recognition have
advanced rapidly and begun to be applied in various sectors, including security systems for identification and verification purposes. The
human face has unique characteristics that can be utilized for identification and verification processes, for example in attendance
systems, national ID card issuance, and security systems. For humans, recognizing another person’s face is an easy task visually.
However, for devices such as computers, this task is quite complex and requires precise and reliable programs [1].

Humans can identify individuals based on biological features of the face, but the ability of the human eye has limitations. Therefore,
computerized methods are needed for face recognition in situations requiring greater accuracy and efficiency. Face recognition involves
automatic detection operations followed by the verification of a person’s face from an image or video [2]. The use of computerized
methods for face recognition can overcome human limitations and provide more efficient and accurate solutions.

The implementation of efficient information systems is key in addressing the challenges of face recognition. Deep learning technology
can improve recognition accuracy while maintaining optimal response speed. This approach is highly effective in overcoming issues such
as lighting variations and changes in facial poses. This study also highlights the importance of protecting personal data in the use of face
recognition technology and offers solutions to ensure compliance with privacy regulations [3]. Common challenges that arise in accuracy
testing include differences in lighting levels between datasets and test subjects, as well as changes in facial attributes such as hairstyles or
the presence of beards, which may affect results. Test results show that the eigenface PCA method achieves better accuracy performance
compared to eigenface LDA, with the highest accuracy rate of 98.06% achieved through the PCA combination [4].

Given the need for a face recognition system, the application of the appropriate classification method can be a solution. The author is
therefore interested in raising this issue as a final project entitled “Implementation of the Linear Discriminant Analysis Algorithm for
Feature Extraction in Face Pattern Recognition.” Ayu Anggrestianingsih, Agus Wahyu Widodo, and Muhammad Tanzil Furqon (2019)
explained that the implementation of the Linear Discriminant Analysis (LDA) method for elective course classification can provide a
systematic approach to data management. The LDA method allows for data classification by maximizing differences between categories,
which in this context can be applied to classify and evaluate classic vehicles based on various features and criteria [5]. Rachmat
Destriana (2021) also showed that LDA can be used in the classification of pineapple ripeness levels, highlighting the ability of this
method to distinguish categories based on relevant features.
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The application of the Linear Discriminant Analysis (LDA) method in face recognition systems is crucial because LDA can perform face
classification more efficiently and accurately based on certain conditions and criteria. LDA works by reducing the dimensionality of
facial data, which is usually very large, without losing important information, thus facilitating analysis and classification processes. In
addition, LDA maximizes the distance between classes (i.e., different individuals) and minimizes variation within a class (i.e., variations
in the same individual’s face), making it ideal for identifying facial differences more accurately. In the context of face recognition
information systems, the use of LDA produces a more structured, measurable, and efficient solution for handling face recognition, both
in terms of evaluation and transactions, thereby improving the overall performance of the system [6]..

2. Literature Study

The word “rancang” comes from the verb “merancang,” which means to arrange or plan something. Meanwhile, the term “perancangan”
is a noun form referring to that process. However, the term “rancang bangun” is also often used to describe the activity of designing [7].
In the context of technology, an application is a computer program based on data processing. The word “aplikasi” itself comes from the
English word application, which means implementation or usage [7]. An application can be defined as a tool designed to help users
achieve specific goals.

Applications are designed as programs that have been fully developed to carry out certain functions according to user needs. In a broader
context, an information system is a collection of applications that support organizational operations, including hardware installation,
software maintenance, and data management. Simply put, an application is software created to perform specific functions, either for
individual or group users, depending on their needs or intended use [9].

A website, often referred to as a “site,” is a URL-based platform that functions as a storage place for data and information on a particular
topic. In general, all pages on the internet are hosted by web servers. These servers can be accessed through a local area network (LAN)
or a specific internet address (URL) [14].

Websites have become an inseparable part of internet development. As a collection of pages containing various information, websites can
be easily accessed by anyone, anytime, and anywhere via the internet. Moreover, the information provided can be accessed online 24
hours a day without being limited by space and time [15].

Computer vision is a technology that enables the detection of surrounding objects. This study discusses the optimization of computer
vision technology in robots to move objects based on color. This robotic system is designed to recognize and move colored balls
according to the detected color. Computer vision technology using the Pixy 2 camera is capable of detecting colored objects in real time,
with an optimal detection time of 0.2 seconds per object. In testing, object recognition was carried out three times for each color,
showing an accuracy rate of 100%. Optimizing computer vision helps robots recognize colored objects more efficiently [16].

Skin is an elastic layer that protects the body from various external environmental influences. In addition to being the largest and heaviest
organ, the skin consists of three main layers: the epidermis, dermis or corium, and subcutaneous tissue or subcutis. Caring for facial skin
to keep it healthy and fresh is an important investment for the future. Before treatment, it is essential to recognize each person’s facial
skin type.

Facial skin is more sensitive compared to the rest of the body’s skin. Various factors, both external and internal, can affect the condition
of facial skin. External factors include sun exposure, climate, pollution, air conditioning, skin trauma, as well as the use of inappropriate
skincare or cosmetic products. Meanwhile, internal factors may include hormonal changes during puberty, menstruation, pregnancy, birth
control pill usage, or suboptimal nutrition intake [18].

The face is also the part of the body most frequently seen by others and plays an important role in communication and emotional
expression. Along with rapid technological development, image processing such as facial recognition systems has become an inseparable
part of everyday life [19].

The face is one of the most common physiological parameters used to create biometric security systems. This is due to the uniqueness of
each individual’s face, which cannot be completely identical. Face recognition is one of the biometric identification methods that uses
facial features as the main parameter. Research related to face recognition has been carried out for more than three decades and continues
to be developed to this day [20].

A database is a collection of data organized to serve many applications simultaneously by storing and managing data so that it appears to
be located in one place. A database is a structured storage of data/information. Application programs are programs/applications that users
will use to interact with the database. An application program (or a set of interconnected programs) is used to carry out a series of
database activities (create, read, update, and delete) on behalf of database users. The user interface is the layout/design that interacts with
the user.

A use case diagram represents the behavior of an information system that will be built and modeled using use cases in the form of simple
communication between actors and strategies that allow actors to achieve their goals. Use cases are used to determine what functions
exist in the information system and who has permission to use them. Use case diagrams are classified into behavioral aspects, in which
each aspect is described in detail. Each use case translates the behavior that the system must perform and its relationship between one or
more actors [17].
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3. Method

3.1. Analysis

In the system analysis, the author conducted an analysis of the current system, the method, and the proposed system. The diagram of the
method steps is shown in Figure 3.1 below.
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Fig 1: Steps of the Method

3.2. Current System Analysis

A facial recognition system is a technology used to identify or verify an individual’s identity based on facial features. However, its
implementation still faces several major challenges, such as sensitivity to pose variations, lighting conditions, and facial attributes like
expressions or accessories. These challenges often cause a decrease in accuracy during the identification or verification process.

Currently, many facial recognition systems rely on conventional feature extraction methods, which may be less optimal in handling facial
data variability. As a result, facial recognition systems may experience reduced efficiency and accuracy, particularly when dealing with
complex or unstructured facial data.

To overcome these obstacles, this research aims to apply the Linear Discriminant Analysis (LDA) algorithm as a feature extraction
method. LDA is expected to enhance the system’s ability to detect important facial patterns, thereby improving accuracy and efficiency
in the recognition process. By designing an information system based on LDA technology, facial recognition can be performed more
quickly, accurately, and reliably under various conditions.

3.3. Method Analysis

In this research, the Linear Discriminant Analysis (LDA) method is used as the main technique for feature extraction in facial pattern
recognition. The following is the method analysis conducted:
1. Basic Principle of Linear Discriminant Analysis (LDA)
LDA is a statistical technique aimed at maximizing class separation while minimizing within-class variability. It works by finding a
feature space direction that maximizes the ratio between inter-class variance and intra-class variance. In the context of facial
recognition, LDA helps identify important facial features that effectively distinguish individuals.
2. Advantages of LDA in Facial Feature Extraction
a.Dimensionality Reduction: LDA reduces the dimensionality of facial data while retaining only the most relevant features for
classification. This lowers computational costs without sacrificing important information.
b.Efficient Classification: By utilizing the optimized feature space, LDA improves facial classification accuracy, especially in
datasets with many classes.
c.Robustness to Data Variability: LDA can handle some variability caused by differences in pose or lighting, as long as these
variations are not extreme.
3. Limitations of the Method
a.LDA is sensitive to the assumptions of normality and covariance among features. If the data does not meet these assumptions, its
performance may decline.
b.It is not optimal when the number of training samples per class is smaller than the initial feature dimensions, a condition known as
the small sample size problem.
c.Its effectiveness decreases when dealing with datasets containing very extreme pose or lighting variations.
4. Application of LDA in Facial Recognition Systems
a.Preprocessing: Facial data undergoes preprocessing steps such as illumination normalization and cropping based on the facial area.
b.Feature Extraction: LDA is applied to extract the most relevant facial features.
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c.Classification: Extracted features are then used in classification algorithms, such as Nearest Neighbor or Support Vector Machine
(SVM), to perform identification or verification.

d.Output Results: The system provides recognition results in the form of the identified individual’s identity or an “unrecognized”
status if the face does not exist in the database.

Through this analysis, LDA is expected to be implemented effectively to improve the performance of facial recognition systems in terms
of both speed and accuracy.

3.4. Proposed System Analysis

Proposed System Analysis for LDA-Based Facial Recognition

1. Main Menu (Home)
The main menu serves as the entry point to various application features. It includes a Start Detection button, which allows users to
initiate the facial recognition process. Additionally, this menu may display basic information such as camera status or the number of
successfully recognized faces.

2. Facial Recognition System
a.Detection Process: The system automatically detects faces using face detection algorithms.
b.Feature Extraction: Once a face is detected, facial features are extracted using LDA to obtain an optimal and compressed facial

representation.
c.Classification: Extracted feature data is matched with stored data in the database for identification or verification.
d.Output Results: The system outputs recognition results, either the recognized individual’s identity or an “unrecognized” status if
the face is not in the database.

3. User Data Menu
This menu displays user data recognized by the system, including:
a.List of Individuals: Displays the names and data of registered individuals.
b.Detection History: Provides information on detection time and location, including date and time records.
c.Data Management: Allows administrators to add, edit, or delete user data in the database.

4. Advantages of the Proposed System
a.Real-Time: Designed to operate in real-time, enabling direct facial recognition without significant delay.
b.Accurate: With the application of LDA, the system improves recognition accuracy even under variations in pose or lighting.
c.User-Friendly: The interface is designed to be simple, making it easy for users with minimal technical background.

The proposed system is expected to address major challenges in facial recognition, such as accuracy and efficiency, while also providing
a better user experience. With this analysis, the system development process will be more focused, and the resulting system will be better
aligned with user needs..

4. Result

The results of the research conducted by the author are presented as follows:

4.1. Main Menu Display
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Fig 2: Website Display

This website provides various menus designed to make it easier for users to extract faces from images through an intuitive process. The
functions of each button available are:
a. Face List
This button is used to add a new face to the database. It is useful when saving someone’s face for reference or for training the face
detection model.
b. Edit Face
This feature allows users to edit or update previously registered face information, such as changing the name or replacing the image
used.
c. Delete Face
Used to remove face data from the system if it is no longer needed for detection.
d. Choose File
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This menu allows users to manually select an image from their device, which will then be used for the face detection process.

e. Upload & Detect
After selecting a file, users can click this button to upload the image and automatically run the face detection process on the
selected image.

f. Clear Screen
This button clears the previous detection results from the screen, allowing the user to start a new process without interference from
past data.

g. About Application
This menu opens an information modal containing the technical explanation and concepts behind the application, such as the use of
the Linear Discriminant Analysis (LDA) method in the face identification process.

4.2. New Face List Display

Daftar Wajah Baru

Chassa Fil | 182 pog

Fig 3: New Face List

This form is used to add new faces into the system or the application’s face database. This feature is important as the basis for future face
recognition and comparison processes.
Form Components:
a. Enter Face Name
A text input field to provide a label or identity name for the face being registered. The name will be used as a reference when the
system performs face matching.
b. Choose File
Allows the user to select a face image from a local device. The selected image will be processed and stored along with the entered
name.
c. New Image Preview
Once a new image is selected, it is displayed below immediately, helping the user verify the correct file before saving.
d. Save Face
Submits the name and image file to the server/application system. After pressing, the face will be saved and can be used for future
detection and comparison.
e. Close Button (X)
Located at the top right corner to close the form if the user does not wish to continue adding a new face.

4.3. Edit Face Display
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Fig 4: Edit Face

This feature allows users to update face images that were previously registered in the system. It is very useful when there is a clearer,
newer, or different expression image to improve detection accuracy.
Form Components:
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a. Face Selection Dropdown
Users can choose which face to update from a list of saved file names. Each entry typically has a unique identity (e.g., name +
timestamp).
b. Old Face Image
Displayed automatically after the user selects a face from the dropdown. Helps identify the selected face for updating.
c. Choose File (New Image)
Button to select a new face image from the local device. This image will replace the old one in the selected entry.
d. New Image Preview
Shows the new image once selected, ensuring it is correct before saving.
e. Save Changes
Confirms and saves the face update into the system. The old image will be replaced by the new one.
f. Close Button (X)
Located at the top right to close the edit form if the user decides not to continue with the update.

4.4. Delete Face Display
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Fig 5: Delete Face

This feature is used to delete previously stored face data from the system. It is useful when a face entry is no longer needed or to keep
data management organized.
Form Components:
a. Title "Delete Face"
Indicates that this interface is for removing stored face data.
b. Face Selection Dropdown
Allows users to choose which face to delete, based on stored name or label.
c. Face Image Preview
After selection, the system displays the face preview to confirm the correct face is being deleted.
d. “Delete” Button
A green button used to confirm the deletion of the selected face from the system. Once pressed, the data will be permanently
removed from the database or storage folder.
e. “X” (Close) Button
Located at the top right corner to close the form without deleting.

4.5. Upload and Detect Display
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Fig 7: Upload & Detect

Match found with Justin Bleber (72.34%)

This feature allows users to upload a face image, after which the system performs face detection and recognition to identify whether the
face is already known in the system, along with its similarity level.
Form Components:
a. Input File (Choose File)
For selecting an image from the local computer.
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4.6.

Example file: JB1.png

“Upload & Detect” Button

Once an image is selected, pressing this button will:
Upload the image to the server

Detect faces in the image

Match the detected face against faces stored in the database
Detection Results — After processing, the display will show:
The uploaded image (large, on the left)

Matching face(s) from the database (on the right)

The similarity percentage between the uploaded face and the database face(s).
Example: Match found with Justin Bieber (72.34%)

About Display

Tentang Apikas

Fig 8: About Display

This section shows information about the application.

5. Conclusion

The conclusions of the research are as follows: High Efficiency and Accuracy in Face Verification The system is capable of verifying
identities quickly and accurately by utilizing advanced face recognition algorithms, making it highly suitable for various security and
real-time identification applications. Flexible and Ready for Further Development — With an intuitive design and the ability to integrate
with other technologies such as IoT and machine learning, this system has the potential to be continuously developed on a large scale and
in dynamic environments.

References

—_

(1
(2]
B3]
(4]
[3]
(6]
(7]
(8]
[
[10]
[11]

[12]
[13]

[14]
[15]
[16]
[17]

[18]

A. Fadlil, D. Prayogi, A. Dahlan, and Y. Penulis Korespondensi, “Sistem Pengenalan Wajah pada Keamanan Ruangan Berbasis Convolutional
Neural Network,” J. Sains Komput. Inform. (J-SAKT]I, vol. 6, no. 2, pp. 636-647, 2022.

M. L. Razaq, “Penggunaan Teknologi Pengenalan Wajah Dalam Keamanan Publik,” JERUMI J. Educ. Relig. Humanit. Multidiciplinary, vol. 1, no.
2, pp. 482486, 2023.

T. Arifianto, “Pengembangan Sistem Pengenalan Wajah Berbasis Deep Learning Untuk Keamanan Komputer 2024,” J. Rev. Pendidik. dan
Pengajaran, vol. 7, no. 2, pp. 3934-3938, 2024.

A. JAMHARI, “A Perancangan Sistem Pengenalan Wajah Secara Real-Time pada CCTV dengan Metode Eigenface:,” J. Informatics, Inf. Syst.
Softw. Eng. Appl., vol. 2, no. 2, pp. 20-32, 2020.

A. Ayu, W. Agus Wahyu, and F. Muhammad Tanzil, “Implementasi Metode Linear Discriminant Analysis (LDA) Untuk Klasifikasi Pengambilan
Mata Kuliah Pilihan,” J. Pengemb. Teknol. Inf. dan Ilmu Komput., vol. 3, no. 10, pp. 110337-10343, 2019.

R. Destriana, D. Nurnaningsih, D. Alamsyah, and A. A. J. Sinlae, “Implementasi Metode Linear Discriminant Analysis (LDA) Pada Klasifikasi
Tingkat Kematangan Buah Nanas,” Build. Informatics, Technol. Sci., vol. 3, no. 1, pp. 56-63, 2021.

R. Y. F. Nurul Samania, Nirsal, “Rancang Bangun Aplikasi E-VOTING Pemilihan Ketua Umum Himpunan Mahasiswa Informatika (HMTI)
UNIVERSITAS COKROAMINOTO PALOPO Berbasis WEBSITE,” Eng. Constr. Archit. Manag., vol. 25, no. 1, pp. 1-9, 2020.

E. A. Trianto and A. Yulianeu, “Perancangan Sistem Informasi Pembayaran Abodemen di UPTD Pasar Rajadesa,” Jumantika Tek. Inform. STMIK
DCI, 2018.

A. Ni Made, “Analisa dan Perancangan Aplikasi Pembelajaran Bahasa Inggris Dasar Berbasis Android,” J. IKRAITH-INFORMATIKA, vol. 1, no.
3, pp. 107-115, 2020.

F. A. Bukharla and N. Nursyirwan, “Perancangan Aplikasi Android Berbasis Mobile Oleh-Oleh Khas Minangkabau (Minang Pedia),” Gorga J.
Seni Rupa, 2020.

Rahmat Gunawan, Arif Maulana Yusuf, and Lysa Nopitasari, “Rancang Bangun Sistem Presensi Mahasiswa Dengan Menggunakan Qr Code
Berbasis Android,” Elkom J. Elektron. dan Komput., vol. 14, no. 1, pp. 47-58, 2021.

N. Azis, G. Pribadi, and M. S. Nurcahya, “Aplikasi Pembelajaran Bahasa Inggris Dasar Berbasis Android,” IKRA-ITH Inform., vol. 4, 2020.

M. Ridwan, D. Wiguna, and A. Rusmardiana, “Perancangan Aplikasi Edukasi Pengenalan Lagu Daerah di Indonesia Berbasis Android,” J. Ris. dan
Apl. Mhs. Inform., vol. 2, no. 04, 2021.

U. Sholikhah, B. Rosyadi, S. R. Wahzuni, S. U. Alasna, and K. F. P. Maharani, “Perancangan Sistem Informasi Sekolah Berbasis Website Pada Mi
Manbail Futuh Jenu Tuban,” IJIS Indones. J. Inf. Syst., vol. 9, no. 2, pp. 120-131, 2024.

H. N. Habib, A. E. Afif, and D. E. P. Dimas, “Pelatihan Pembuatan Website Personal Sebagai Media Informasi dan Publikasi Domain Web
(Hosting),” APPA J. Pengabdi. Kpd. Masy., vol. 1, no. 1, pp. 110-115, 2023.

M. A. MASRIL and D. P. CANIAGO, “Optimasi Teknologi Computer Vision pada Robot Industri Sebagai Pemindah Objek Berdasarkan Warna,”
ELKOMIKA J. Tek. Energi Elektr. Tek. Telekomun. Tek. Elektron., vol. 11, no. 1, p. 46, 2023.

Z. Nopriyanto, R. Andrian, R. Safe’i, and K. Muludi, “Implementasi Metode CNN Computer Vision Dalam Identifikasi Tipe Kerusakan Pohon
Berbasis FHM,” InComTech J. Telekomun. dan Komput., vol. 10, no. 1, pp. 15-22, 2020.

R. Pebrianto, S. N. Nugraha, and W. Gata, “Perancangan Sistem Pakar Penentuan Jenis Kulit Wajah Menggunakan Metode Certainty Factor,”
1JCIT (Indonesian J. Comput. Inf. Technol., vol. 5, no. 1, 2020.



1258

Journal of Artificial Intelligence and Engineering Applications

(19]

[20]
[21]

[22]
[23]
[24]
[25]

[26]

M. A. Satriawan and W. Widhiarso, “Klasifikasi Pengenalan Wajah Untuk Mengetahui Jenis Kelamin Menggunakan Metode Convolutional Neural
Network,” J. Algoritm., vol. 4, no. 1, pp. 43-52, 2023.

A. Giovanni, W. Indrasari, and H. Firmasyah, “Pendeteksi Wajah Sebagai Sebuah Sistem Keamanan Ruangan,” 2023.

B. P. Kamiel, Y. Ahmad, and K. Krisdiyanto, “Deteksi kavitasi menggunakan linear discriminant analysis pada pompa sentrifugal,” Turbo J. Progr.
Stud. Tek. Mesin, vol. 9, no. 2, 2020.

A. Anggrestianingsih, A. W. Widodo, and M. T. Furqon, “Implementasi Metode Linear Discriminant Analysis ( LDA ) Untuk Klasifikasi
Pengambilan Mata Kuliah Pilihan,” J. Pengemb. Teknol. Inf. dan Ilmu Komput., vol. 3, no. 10, pp. 10337-10343, 2019.

R. Kosasih, “Penggunaan Metode Linear Discriminant Analysis Untuk Pengenalan Wajah Dengan Membandingkan Banyaknya Data Latih,” J. Ilm.
Teknol. dan Rekayasa, vol. 26, no. 1, pp. 25-34, 2021.

D. A. Widyati, R. Rizal Isnanto, and A. Riyadi, “Analysis of Recognition Pattern Leaves uses the Method Linear Discriminant Analysis (LDA) and
the Distance Minkowski,” Transformtika, vol. 18, no. 2, pp. 225-230, 2021.

W. Winarnie, K. Kusrini, and A. D. Hartanto, “Pengurangan Dimensi dengan Metode Linear Discriminant Analist (LDA),” Infotek J. Inform. dan
Teknol., vol. 6, no. 2, pp. 228-237, 2023.

A. Morgen and I.-S. Bb-stimmung, “Perbandingan Algoritma Neural Network Dengan Linier Discriminant Analysis (Lda) Pada Klasifikasi
Penyakit Diabetes,” J. Bisnis Digit. dan Sist. Inf., vol. 1, pp. 21-29, 2020.



