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ABSTRACT

Face recognition technology is increasingly integrated into daily life, from unlocking smartphones to taking
attendance in classrooms, despite challenges such as lighting, occlusion, and posture variation in real-world scenarios.
Therefore, this study aims to develop an automated face recognition system for data retrieval and management using
OpenCV. Using a camera, the system records users’ photos in real time. Computer vision techniques are then applied,
particularly the face identification and recognition functions of the Local Binary Pattern Histogram (LBPH) and
the Haar Cascade algorithm, which are implemented using OpenCV. The system correctly recognizes people and
makes it easier to handle student information by comparing the faces it detects with a stored database of student
photographs. Improved face recognition accuracy, real-time data retrieval, and efficient data management procedures
are the main goals. Although the system performed satisfactorily in normal lighting, difficulties with low light were
shown to affect detection and recognition accuracy. The primary causes of these constraints were changes in camera
quality and lighting. Subsequent developments will concentrate on optimizing the accuracy and overall performance
of the system, possibly by incorporating better cameras and more sophisticated processing. The study highlights
how computer vision and facial recognition technology can improve data management procedures in a variety of
applications. In conclusion, the suggested system effectively makes use of cutting-edge methods for dependable and

effective data retrieval.
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1. INTRODUCTION

Face recognition is an application of visual pattern recogni-
tion. While face recognition and identification come naturally
to humans, a machine must employ sophisticated face recog-
nition algorithms and techniques to carry out this task [1].
It is a significant and increasingly common authentication
method. Facial recognition refers to a class of biometric data
that uses patterns and biometric information to identify a per-
son based on the head, neck, and face [2]. For the past 20
years, face recognition has been one of the most challenging

fields. To create a face recognition system, two approaches
are combined: face detection and face recognition. In addi-
tion, face recognition technology is rapid, user-friendly, and
safe [3].

The purpose of this system is to build a face-recognition-
based data retrieval and management system. In this case,
a person’s face is used to identify them and extract their in-
formation from a database [4]. Face recognition technology
is becoming more common and is used extensively in many
industries. This paper proposes a system that recognizes stu-
dents’ faces from a live webcam feed and displays pertinent
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data, such as name, age, and department, if the recognized
face is found in the database. The system examines pho-
tographs to recognize faces using the Local Binary Patterns
Histogram (LBPH) algorithm and recognizes faces in real
time using OpenCV’s Haar Cascade Classifier. Compared
with conventional identifying techniques, the approach pro-
vides a more effective, safe, and intuitive solution.

2. RELATED WORKS

Recent studies highlight advancements and challenges in
facial recognition technology, especially its applications in
security and attendance management systems [5]. A stu-
dent surveillance system demonstrated reliable performance
in natural lighting but struggled in low-light conditions be-
cause of camera quality and processing power [6]. Future
improvements could involve better hardware integration. A
facial recognition system using artificial neural networks
achieved high accuracy during evaluations, showing poten-
tial for broader applications, including healthcare-oriented
detection tasks [7]. Additionally, a robust Python-based sys-
tem exhibited effective face recognition capabilities, with
increased training images improving accuracy [8].

However, limitations such as the use of Principal Component
Analysis (PCA) have restricted accuracy to below 90% in
some systems [9]. Ongoing research focuses on overcoming
challenges such as expression variability and occlusion, with
advancements in algorithms including Linear Discriminant
Analysis (LDA) and Support Vector Machines (SVM) [2].
The implementation of a web-based attendance management
system has shown promise in enhancing tracking accuracy
and reducing administrative workload [10]. Future direc-
tions include multi-face recognition and offline QR scanning
support, further streamlining processes in educational envi-
ronments [11, 12, 13, 14].

Existing facial recognition systems have notable drawbacks
that affect their effectiveness. A significant issue is their
performance in low-light conditions, which often results in
reduced detection and recognition accuracy because of lim-
itations in camera quality and processing power. Systems
relying on PCA may also struggle to exceed certain accuracy
thresholds, especially when facial expressions, occlusions, or
variations in pose are present. Moreover, many attendance-
oriented systems remain dependent on stable network con-
nectivity or controlled environments, limiting their flexibility
in real-world educational settings.

3. PROPOSED METHOD

Numerous advancements have been made in face recognition
technologies, yet their application in the educational domain
remains underutilized. This project addresses this gap by
introducing a face-recognition-based student identification
system specifically designed to retrieve student data in real
time. The system integrates a live camera feed, Haar Cascade
face detection, LBPH recognition, and SQLite-based data
storage.
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Figure 1. System architecture for the face-recognition-based student
identification system.
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Figure 1 presents the architecture diagram for the face-
recognition-based student identification system and provides
a visual overview of how different components interact across
three key layers: Ul layer, business logic layer, and database
layer. In the UI layer, the camera acts as the image input
device, capturing live image streams and passing them to
the processing modules. The output interface displays the
recognized student profile and retrieval results.

In the business logic layer, face detection and face recognition
modules handle the core computer vision operations. The
Haar Cascade algorithm detects faces from the input frames,
while LBPH compares detected faces with the trained face
database. The data retrieval component then links the recog-
nized face to the corresponding student record. In the data
layer, the SQLite database stores student details, while the
face database stores trained facial samples for matching and
recognition.

3.1 Dataset Creation

Using a camera to take pictures of students, a dataset of those
photographs must be created first. Every student registers by
providing their department, age, name, and ID. A webcam
takes numerous pictures of the student from different angles
and motions, and these details are recorded in the database.
The dataset creation process is essential because the recogni-
tion model relies on representative images of each registered
student.

The captured images are converted to grayscale and labelled
with the student’s unique ID. These images are stored in
a structured dataset directory and are later used for model
training. Capturing multiple face images under different
facial positions improves recognition robustness and helps
the system handle minor variations in pose and expression.

3.2 Model Training

After dataset creation, the LBPH technique is used to train the
system to detect and recognize faces. Preparing the training
data, training the model, and storing the trained model for
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later use are the major steps in the process. By preparing
the training data, each image is associated with the correct
student ID, allowing the model to learn discriminative face
patterns.

LBPH extracts local texture patterns from face images and
converts them into histograms that represent facial features.
The trained model stores these patterns and compares them
with features extracted from live video frames during recog-
nition. This makes LBPH suitable for real-time applications
because it is computationally efficient and performs effec-
tively under normal lighting conditions.

3.3 User Detection and Data Generation

This stage involves real-time face detection and recognition.
When the system is running, it uses the camera feed to capture
live video frames and then detects and recognizes faces. The
Haar Cascade Classifier from OpenCV is used for face detec-
tion. Haar features are applied to locate face regions quickly,
and detected faces are then passed to the LBPH recognizer.

Once a face is recognized, the system maps the predicted
ID to a student record. The corresponding student details,
including name, age, department, and ID, are retrieved from
the SQLite database. This process enables real-time student
identification and provides immediate access to stored infor-
mation.

3.4 Data Management

After detecting and recognizing a face, the student’s profile is
displayed in real time on the video frame. The system could
be extended to incorporate additional functionalities such as
generating attendance records, retrieving academic details, or
logging the time and date of student access. SQLite is used
because it is an embedded SQL database engine that stores
an entire database in a single disk file and does not require a
separate server process.

The database file format is cross-platform, meaning that
databases can be copied between different architectures and
systems. Because of these characteristics, SQLite is a practi-
cal application file format for lightweight student information
systems. It is therefore suitable for storing student records
and linking them with recognized face IDs.

4. RESULTS AND DISCUSSION

The model provides facial recognition for student identifica-
tion and data retrieval in real time. The system begins by
collecting user details such as name, age, and department,
which are stored in an SQLite database. It then captures
grayscale images of the user through the webcam and uses
these images for model training. During operation, the Haar
Cascade detector locates faces in live frames, while the LBPH
recognizer identifies the detected face and retrieves the corre-
sponding student information.

4.1 Model Evaluation

The model’s performance is evaluated by calculating accu-
racy, precision, recall, and F1-score. These metrics provide
insights into the model’s ability to correctly identify and re-
trieve student data based on face recognition. The evaluation

terms are defined as follows:

TP+TN
Accuracy = 9]
TP+TN+FP+FN
Precisi TP ?)
recision = ————
TP+ FP
TP
Recall = —— (3)
TP+FN
2 x Precision x Recall
Fl1- = 4
score Precision + Recall @)

where TP is true positives, TN is true negatives, F'P is false
positives, and FN is false negatives.

Table 1. Results achieved for listed performance measures.

Metric Description Results Obtained
Accuracy Percentage of 75%

total correct

predictions

over all cases
Precision Proportion of 88.1%

positive iden-
tifications that
were actually
correct

Recall (Sensitivity) Proportion 75%
of actual
positives that
were correctly
identified

Harmonic

mean of preci-
sion and recall

F1-score 88.1%

Table 1 summarizes the achieved performance. The reported
accuracy of 75% indicates that the system correctly identi-
fies students in most normal-lighting test cases. Precision of
88.1% shows that most positive identifications correspond
to the correct student record. Recall of 75% reflects the pro-
portion of actual positive cases retrieved successfully, while
the F1-score summarizes the balance between precision and
recall.

4.2 Expected Trends

The algorithm must be trained initially. A dataset containing
face photographs of the individuals to be identified is needed.
Each photograph should be accompanied by a unique ID,
which could be the person’s name or ID number. After that,
the algorithm uses this data to identify an input image and
provide the result. A specific person’s image must match the
corresponding ID.

In this stage, the facial characteristics are highlighted in an in-
termediate image produced by applying LBP computation to
the original image. The sliding-window concept uses param-
eters such as radius and neighbors. As more training images
are added, the recognizer is expected to improve because it
has more representative samples of each student. However,
lighting variation, camera resolution, and occlusion can still
reduce recognition quality. The system is therefore expected
to perform best under normal lighting with clear frontal face
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images.

5. CONCLUSION

In conclusion, the automated face recognition system for
data retrieval and management effectively uses cutting-edge
computer vision techniques to improve the accuracy and effi-
ciency of student identification and attendance management.
The system reduces dependency on manual approaches by
employing LBPH for face recognition and Haar Cascade for
face detection, thereby automating the process. This project
can eventually develop into a full-fledged application with
improved algorithms designed to meet particular needs for
data retrieval.

Future goals include increasing face recognition accuracy,
incorporating real-time analytics for effective data manage-
ment, and creating an intuitive user interface for quick access
to student data. Multi-modal biometric authentication could
also be added to improve security, and cloud technologies
could be used for remote access and scalability. With these
improvements, the system can become a strong automated
data retrieval solution, greatly increasing the effectiveness of
managing student information in a variety of scenarios.
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