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Abstract

This research presents the implementation and design of a facial recognition attendance
management system by using Local Binary Pattern Histogram (LBPH) and Haar Cascade
machine learning algorithms. This system aims to automate the attendance process, providing
an efficient and accurate alternative to traditional methods. The Haar Cascade algorithm is
employed for face detection due to its rapid processing and high detection rate, while the LBPH
algorithm is utilized for face recognition because it is simple and effective in handling changes
in facial expressions, lighting, occlusions, distance from the camera, and camera resolution.
The integration of these algorithms results in a robust system capable of real-time attendance
tracking. Experimental results demonstrate the system's high accuracy and reliability in face
detection and recognition under different conditions of lighting, distance from the camera, face
expressions, occlusions, and camera resolution, making it suitable for deployment in

educational institutions and corporate environments.

Keywords: Facial Recognition, Haar Cascade, Attendance Management, Local Binary Pattern
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1. Introduction

Face recognition technology [2] has gained substantial interest in recent years, having
applications in various fields such as security, healthcare, and attendance management.
Traditional attendance systems, reliant on manual entries or card-based mechanisms, are often
time-consuming and prone to errors and fraud. To address these limitations, automated
attendance systems using face recognition have been proposed and implemented with

promising results.
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The face recognition attendance management system is a comprehensive software
solution that offers a range of features to efficiently manage student attendance. It allows users
to store student details in a database, along with their photo samples. The system is equipped
with facial recognition technology that can identify students and automatically mark their
attendance in an Excel file. This eliminates the need for manual attendance tracking, reduces
errors, and saves time. This research focuses on developing a facial recognition attendance
management system using Local Binary Pattern Histogram (LBPH) [2] and Haar Cascade [1]
machine learning algorithms. Haar Cascade algorithm, introduced by Viola & Jones [1], has
rapid processing speed and high detection accuracy, making it an ideal choice for real-time
face detection. Haar Cascade employs a series of simple features combined in a cascade
structure, which significantly reduces the computational load while maintaining high detection

rates.

For face recognition, the LBPH algorithm is employed. Ahonen et al. [2] demonstrated
the effectiveness of LBPH in face recognition tasks, particularly for handling changes in facial
expressions and lighting. LBPH converts the local patterns in an image into a binary format,
which is then used to generate histograms that represent the face. This method is not only
computationally efficient but also resistant to changes in environmental conditions, making it
appropriate for real-world applications. By integrating these two algorithms, the proposed
system aims to provide an accurate, efficient, and reliable solution for attendance management.
This study details the system's design, implementation, and performance evaluation,
emphasizing its potential for deployment in educational and corporate settings.

2. Background Study
2.1 Face Detection

Face detection is a technology used to identify and find human faces in images or
videos. In the face recognition attendance management system, face detection is typically the
first step, where the system identifies the presence and location of faces in the input frames.
OpenCV's (Open-Source Computer Vision Library) Haar Cascade classifier is commonly used
for this purpose. It works by training on positive and negative images and applying a sequence

of classifiers in a cascade to detect faces efficiently [1].
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2.2 Facial Recognition

The technique of recognizing a person from a image or video frame is known as facial
recognition. After detecting faces, the system uses face recognition algorithms, such as LBPH,
to match the detected faces against a database of known faces. The system converts detected

faces into histograms and compares them to identify individuals [2].
2.3 OpenCV

It is an open-source machine learning and computer vision library. It includes various
functions for image and video processing, such as face recognition and detection. In the
attendance management system, OpenCV is used for both detecting faces using the Haar

Cascade classifier and recognizing faces using the LBPH algorithm [7].
2.4 Tkinter

Tkinter is the standard GUI library for Python. It has tools for creating various
interactive and graphical elements. In the face recognition attendance management system,
Tkinter is used to create the graphical interface for user interactions, such as logging in,

entering student details, and managing the system windows for face detection and recognition

[8].
2.5 PIL (Pillow)

Pillow is a derivative of the Python Imaging Library and is used for opening and
manipulating image files. It can be used to preprocess images, such as resizing, converting to
grayscale, or applying other transformations needed before feeding the images into the face
detection and recognition algorithms [9].

2.6 MySQL Connectors

MySQL Connectors is a Python library that helps Python programs to access MySQL
databases. In the attendance management system, this library is used to store and retrieve
student details, attendance records, and other relevant data from a MySQL database, allowing

for efficient data management and retrieval [10].
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2.7 NumPy

Numerical Python provides tools for matrices and multi-dimensional arrays and
mathematical functions to use on these arrays. In the context of face recognition, NumPy is
used for numerical operations on image data, such as handling arrays of pixel values and

performing mathematical transformations [11].
2.8 CSV

Comma-Separated Values is a file used to store data in tabular form. In the attendance
management system, CSV files are used to store attendance records. When a face is recognized,
the system automatically marks attendance in a CSV file, making it easy to maintain and share
attendance data [12].

2.9 Random

Random is a module in Python that implements pseudo-random number generators for
various distributions. In the facial recognition system, a random module is used to shuffle data
during training, split datasets, or perform other operations that require randomization [13].

2.10 OS

The OS (Operating System) module in Python provides tools for utilizing features
specific to an operating system, like reading from or writing to a file system. In the face
recognition system, the OS module is used for file and directory operations, such as accessing

image files, saving trained models, or handling CSV files for attendance records [13].

3. Programming Language used in Developing Frontend and Backend

The front end of the facial recognition attendance management system is developed
using the Tkinter library, which provides a GUI for login, student details entry, and attendance
viewing. The back end is also developed in Python, using the OpenCV library for face
recognition and detection. The Haar Cascade algorithm is used to detect faces, while the LBPH
algorithm handles face recognition, ensuring the system's accuracy and effectiveness. The
system's data, which is the student details and attendance records, are managed using MySQL
using the "mysgl.connector’ library, which is used for data storage and retrieval. Libraries such

as Pillow are used for image preprocessing, and NumPy is used for handling numerical data.
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4. Related Work

Facial recognition has been a popular research area for several decades. Early
approaches relied on geometric features and template matching, which were limited by
variations in pose, expression, and lighting [3]. The introduction of Eigenfaces by Turk &
Pentland [4] marked a significant advancement, using the Principal Component Analysis

(PCA) to reduce the dimensions of face images and improve recognition performance.

Fisherfaces, proposed by Belhumeur et al. [5], further improved face recognition by
using Linear Discriminant Analysis (LDA) to improve the selective power of facial features.
These methods, however, were still sensitive to variations in lighting and facial expressions.
The advent of machine and deep learning techniques have revolutionized face recognition.
Convolutional Neural Networks (CNNs) have demonstrated effectiveness in various facial
recognition tasks [6]. However, the computational complexity, along with the need for large
datasets and significant processing power, makes CNNs less suitable for real-time applications

with limited resource.

In contrast, the LBPH and Haar Cascade algorithms provide a balanced performance
and effectiveness. Haar Cascade was introduced by Viola & Jones [1], uses simple features to
identify faces rapidly and accurately. LBPH, proposed by Ahonen et al. [2], utilizes local
texture information to create robust facial representations, making it effective for real-time face
recognition in diverse conditions. Table 1 below presents a comparison of the related work in
this field.

Table 1. Comparison of Related Literature

Authors Dataset Methodology Significance Shortcoming
(Year)

Soniyaetal. | Custom dataset | CNN High accuracy in Requires

(2023) [14] | of student faces face recognition; significant
(Approximately improved computational
500 student automation of resources
faces) attendance recording

Harikrishnan | Surveillance Deep Learning, | Enhanced Performance

etal. (2023) | footage froma | Computer surveillance and drops in low-
university Vision attendance light

[15] campus conditions
(Approximately
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(Approximately
2,500 images)

environments

1,000 video monitoring through
frames) real-time processing
Bhagat University LBPH Robust against Limited
(2022) student images variations in facial dataset may
(Approximately expressions and affect
[16] 200 student lighting conditions generalization
images)
Krishnan & | Dataset from Hybrid model Efficient and Hybrid model
Babu (2022) | multiple combining Haar | accurate detection increases
educational Cascade and and recognition, complexity
[17] institutions LBPH suitable for diverse | and

computational

load

5. System Architecture

Figure 1 presents the architecture of the system discussed in this work.
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Figure 1. Overall System Architecture of Face Recognition Attendance Management
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5.1 Use Case Diagram

User Login Student Trzin Data Face Attendance Chatbot Exit
Datails Recognition Window Window Button

s n!

= Enter login = Add student = Train the * RECOZNiZE - Wiaw * Azsist usErs = Cloge the
cradentials details collected face faces attendance + Provide application
= authenticate * Store data zamples = Mark records information
* Take photo atrendance = Updste the
samples cav file
* Store photo = Export into
samplas in another filz
the gallery
\ J \ J . J \ J \ J \ / \.

Figure 2. Use Case of Face Recognition Attendance Management System
Following is the description of the use cases of this system, as shown in Figure 2:

e User Login
Actors: Student, Admin

Description: Users enter their credentials to log into the system. If authenticated, they
gain access to other functionalities based on their role.

e Student Details Window
Actors: Admin

Description: The Admin can add new students by entering their details and capturing
their photos. The data is stored in the student database, and the images are saved in the Gallery
folder.

e Face Recognition Window
Actors: Student

Description: The system captures the student's face, compares it with the stored

samples, and automatically marks attendance if a match is found.
e Train Data Window
Actors: Admin

Description: The Admin can initiate the training of the model using the collected face

samples. This process updates the model to recognize new faces.
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e Attendance Window
Actors: Student, Admin

Description: Users can view attendance records. Admins can see the attendance of all

students, while students can view their own attendance.
e Chatbot Window
Actors: Student, Admin

Description: A chatbot interface helps users by answering queries related to the system,

such as attendance status, login issues, or general inquiries.
e Exit Button
Actors: Student, Admin

Description: Users can exit the application by clicking the Exit button, which closes the

Python GUI application.

5.2 System Design

The face recognition attendance management system is a GUI based Python software
that provides various functionalities to the user, i.e., storing details of the student in a database,
collecting their photo samples, training the dataset for real-time face recognition, and
automatically marking the attendance of the user in a CSV file [12] if a face is recognized. The

system has two main components: face detection and recognition.

Face Detection: The Haar Cascade algorithm is utilized for detecting faces in real-time.
The algorithm scans the input image and identifies regions that potentially contain faces based
on the features learned during training. This is achieved by applying a series of classifiers in a
cascade structure, which allows for rapid processing while maintaining high detection accuracy

[1].

Face Recognition: Once faces are detected, the LBPH algorithm is used for
recognizing them. LBPH converts the detected face into a series of local binary patterns, which
are then used to construct a histogram representing the face. This histogram is compared against

a database of known faces to identify the individual [2].
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5.3 Implementation

The system is implemented using Python and OpenCV [7]. Haar Cascade classifier is
trained on a set of positive and negative images to detect faces accurately. For the recognition
part, the LBPH face recognizer from OpenCV is used, which is trained on a dataset of labelled

face images. The implementation process includes the following steps:

i. Data Collection: Collecting a diverse set of face images under different lighting
conditions, facial expressions, and angles to train the LBPH recognizer. A total of 100 photo

samples are taken for each individual to ensure robustness.

ii. Pre-processing: Converting images to grayscale and normalizing them to improve
the accuracy of the detection and recognition algorithms. Grayscale conversion reduces

computational complexity, while normalization helps in handling variations in lighting.
iii. Training:

Haar Cascade Classifier (For Face Detection): Training the Haar Cascade classifier
involves using images with faces, or positive samples, and images without faces, or negative
samples. It works by scanning the image with a set of simple rectangular features, which are

combined using boosting techniques to form a robust face detector.

LBPH (For Face Recognition): Training the LBPH recognizer with labelled face
images involves creating histograms of local binary patterns from each image. LBPH divides
the face into smaller regions and computes the local binary pattern for each, which are then
combined to form a single vector. This is used to compare faces based on their local features.

iv. Real-time Detection and Recognition: Integrating the trained Haar Cascade and
LBPH models to perform real-time face detection and recognition. The system captures live
video feed, detects faces using the Haar Cascade classifier, and recognizes them using the

LBPH algorithm. During this process:

The Haar Cascade classifier scans each frame of the video feed and identifies face
regions. The LBPH recognizer then processes these face regions to match them against the

trained dataset and identify individuals.

This combination provides an effective and efficient solution for real-time face

recognition applications.
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5.4 Step-by-Step Working of Haar Cascade and LBPH Algorithms in Face Recognition

Attendance Management System

A. Haar Cascade (For Face Detection)

Image Acquisition: The system captures an image of the student using a camera.

Grayscale Conversion: Convert the captured color image to grayscale. This reduces the

computational complexity as the algorithm works with single-channel images.

Integral Image Calculation: An integral image is computed, which helps in fast
computation of Haar-like features by allowing the sum of pixel values within any

rectangular subset of the image to be calculated using only four values.

Haar-like Feature Extraction: Haar-like features are extracted from the image. These
are rectangular features that measure the difference in intensity between adjacent

rectangular regions.

Cascade Classifiers: The extracted features are passed through a series of classifiers
arranged in a cascade. Each stage in the cascade determines whether a region might
contain a face. If a region fails at any stage, it is immediately discarded, enabling rapid

processing.

Region of Interest (ROI) Identification: Regions that pass through all stages of the

cascade are identified as potential faces (Regions of Interest or ROIs).

Face Detection Output: The detected face (or faces) is outputted as a bounding box

around the face in the image.

Pass to Recognition Module: The cropped face from the bounding box is passed to the

face recognition module for further processing using LBPH.

B. LBPH (For Face Recognition)

Pre-processing: The face image detected by the Haar Cascade is converted to grayscale

if it isn’t already. This standardizes the input for feature extraction.

Local Binary Pattern (LBP) Calculation: Divides the grayscale face image into smaller
regions. For each pixel in a region, compares it with its neighbouring pixels (typically

3x3 neighbourhood). Assigns a binary value (0 or 1) to each neighbour depending on
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whether it is less than or greater than the central pixel. Converts the binary pattern to a

decimal value to create a local binary pattern for the region.

e Histogram Creation: For each region, a histogram of the frequency for each LBP value
is created. All the histograms from each region is concatenated to form a single feature

vector representing the face.

e Model Training (if not trained yet): The system trains on these feature vectors for all
the students’ face images stored in the gallery folder. This involves storing the

histograms and associating them with the corresponding student IDs.

e Face Recognition: When a new face is detected, its histogram is generated using the
same LBP process. The histogram of the detected face is then compared with the
histograms in the trained model. Similarity is measured using Euclidean distance. The
closest match determines the recognized face.

e Attendance Marking: If the detected face matches a stored face in the database, the

system automatically marks the attendance for that student in the attendance database.

e Display Results: The recognized student’s ID is recorded, and their attendance is logged

in the database.

5.5 Experimental Setup

The system is tested in various environments to evaluate its performance under different
conditions. The test setup includes different lighting conditions, facial expressions, and

occlusions to assess the robustness and accuracy of system.

Figure 3. Collected Face Samples used for Training
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Figure 3 shows a few collected face samples used in training. The parameters and their

values considered during the experimental setup are summarized in Table 2.

Table 2. Parameters and their Respective Values during the Experimental Setup

Parameter

Description

Values considered

Lighting Conditions

The illumination level
during testing

Normal Lighting, Low
Lighting, Backlighting

Facial Expressions

Variations in facial
expressions

Neutral, Smiling,
Frowning, Surprised

Occlusions

Parts of the face covered
or blocked

No Occlusion, Sunglasses,
Masks, Hand Covering

Distance from Camera

Distance between the
subject and the camera

1 meter, 2 meters, 3 meters

Camera Resolution

The resolution of the
camera used for capturing

720p, 1080p

5.6 Interface Design

Figures 4-8 are some screenshots to show the interface screens of the designed system.

Figure 4. Login Window
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Figure 8. Attendance Window

6. Results and Discussion

The experimental results show that the Haar Cascade algorithm is highly effective in
detecting faces, achieving a high detection rate even under challenging conditions. Specifically,
the algorithm maintains strong performance across various scenarios, such as different lighting
conditions, facial expressions, and partial occlusions. The LBPH algorithm further showcases
its robustness in recognizing faces, achieving a recognition rate exceeding 95% under

controlled conditions.

Despite some degradation in performance under extreme lighting conditions or
significant facial occlusions, the system's accuracy remains within acceptable limits for
practical applications. This is evident from the system's performance metrics, where detection
and recognition rates are consistently high. For instance, in normal lighting conditions, the
detection accuracy reaches 98%, while the recognition accuracy stands at 96%. Even in less
ideal conditions, such as low lighting and partial occlusions, the system performs effectively,

with detection and recognition rates only slightly reduced. The combination of Haar Cascade
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and LBPH algorithms strikes a balance between efficiency and accuracy, ensuring reliable face
detection and recognition. This integration is particularly beneficial in real-time applications,
such as automated attendance systems, where quick and accurate processing is essential.

Table 3 summarizes the recognition and detection accuracy under different conditions,

highlighting the system's robustness across various scenarios.

Table 3. Recognition and Detection Accuracy under Different Conditions

Condition Detection Accuracy Recognition Accuracy
Normal Lighting 98% 96%
Low Lighting 92% 89%
Different Expressions 97% 94%
Partial Occlusions 90% 85%
Backlighting 88% 82%
Neutral Expression 99% 98%
Smiling 95% 92%
Frowning 94% 91%
Surprised 96% 93%
Sunglasses 89% 84%
Masks 87% 81%
Hand Covering 85% 80%
1 Meter Distance 99% 97%
2 Meters Distance 95% 93%
3 Meters Distance 90% 88%
720p Resolution 94% 91%
1080p Resolution 98% 96%

7. Conclusion

The facial recognition attendance management system presented in this research
demonstrates the feasibility and effectiveness of using machine learning algorithms for

automating the attendance process. The combination of LBPH and Haar Cascade algorithms
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provides a robust and efficient solution for detection and recognition. The facial recognition
attendance management system holds significant potential for future advancements. Enhanced
accuracy can be achieved through deep learning models like CNNs to improve recognition
accuracy, and 3D recognition to enhance robustness against lighting, angles, and expressions.
Privacy and security measures can be enhanced by implementing stronger encryption methods
to secure facial data and developing guidelines to ensure ethical use and privacy protection.
Integration and scalability can be improved by integrating with 10T devices for seamless
operation in smart environments and utilizing cloud resources to handle large-scale data and
provide real-time processing. Additionally, the user experience can be enhanced by combining
face recognition with other biometric methods like voice or fingerprint for improved reliability,
and providing real-time analytics and insights to enhance decision-making processes.
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