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Abstract

This paper presents a Hybrid Multi-Stage Face Detection
Algorithm that integrates traditional and deep learning
methods for improved accuracy and efficiency. The process
begins with Preprocessing and Enhancement to refine image
quality. Fast Face Candidate Selection (Haar + HOG + SVM)
quickly detects potential faces, followed by Precise
Localization using MTCNN to refine detections and extract
facial landmarks. Deep Learning Verification
(RetinaFace/YOLOQO) eliminates false positives, ensuring
reliability. Finally, Face Tracking (Kalman Filter + SORT)
maintains consistency in video streams. This approach
provides a robust and adaptable solution for real-world face

detection applications.
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Introduction

The Attendance Management System using Face Detection is
an advanced automated system designed to efficiently track
attendance by utilizing facial recognition technology.
Traditional attendance methods such as manual roll calls,
RFID cards, and fingerprint scanners are often time-
consuming, prone to errors, and susceptible to proxy
attendance. In contrast, a face detection-based system ensures
accuracy, security, and speed by eliminating the need for
physical interaction. The system works by capturing facial
images of individuals, storing them in a dataset, and using real-
time face recognition to mark attendance when a person is
detected in front of the camera. It employs advanced machine

learning and deep learning algorithms such as Haar Cascades,

Local Binary Pattern Histograms (LBPH), and deep learning
models like FaceNet and DeepFace to improve recognition
accuracy. Implementing such a system requires essential
hardware like a camera, a processing unit (PC or Raspberry
Pi), and storage for attendance records. The software is
developed using Python with OpenCV, dlib, and deep learning
frameworks to process facial images and compare them with
stored data. The attendance records can be saved in CSV files,
Excel sheets, or databases for easy retrieval and analysis. One
of the key advantages of this system is its efficiency and time-
saving capabilities, allowing organizations such as schools,
colleges, offices, and government institutions to automate
attendance tracking without requiring manual input.
Additionally, it prevents proxy attendance by ensuring that
only registered individuals can mark their presence. However,
challenges such as poor lighting, occlusions (masks, glasses),
and similar-looking faces can affect accuracy, which can be
mitigated using image preprocessing, diverse training datasets,
and optimized recognition algorithms. The system also offers
seamless integration with cloud-based solutions, Al-powered
assistants, and smart loT devices to enhance scalability and
real-time monitoring. With the continuous advancements in
artificial intelligence and edge computing, the future of face
recognition-based attendance systems will see faster, more
accurate, and secure implementations across various
industries, making them a vital component in modern

automated attendance tracking solutions.
Related Works

[1]. A study by Smitha, Pavithra S. Hegde, and Afshin
proposed face recognition-based attendance management

system to automate attendance marking in classrooms. The
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system captures student images to create a database and uses
Haar-Cascade and Local Binary Pattern Histogram (LBPH)
algorithms for face detection and recognition. Live-streamed
video is processed to identify students, and attendance is
updated accordingly. The system reduces time consumption
and eliminates proxy attendance. At the end of each session,
the attendance report is emailed to faculty, improving

efficiency and accuracy.

[2]. Xin Geng’s paper, “Individual Stable Space: An Approach
to Face Recognition Under Uncontrolled Conditions,”
highlights the limitations of traditional face recognition
systems, which rely on strict conditions like controlled
lighting, fixed positioning, and clear visibility. These
constraints make them impractical for real-time applications.
To address this, the paper proposes a system that operates in
uncontrolled environments. However, it requires a separate
image for each individual, which limits its flexibility and

usability.

[3]. M. Hassaballah and Saleh Aly’s paper, “Face Recognition:
Challenges, Achievements, and Future Directions,” discusses
the limitations of existing face recognition systems, which
struggle in real-world scenarios due to factors like lighting
variations, occlusions, and pose differences. While significant
progress has been made, current methods perform well only
under controlled conditions. The paper reviews various face
recognition techniques and their shortcomings, emphasizing
the need for robust solutions. It also explores potential future
advancements, including deep learning, improved datasets,
and anti-spoofing measures, to enhance the reliability of face

recognition technology.

[4]. Yassin Kortli et al.'s paper, “Face Recognition Systems: A
Survey,” provides a comprehensive review of face recognition
technologies, covering their methods, challenges, and future
directions. The paper categorizes face recognition approaches
into three main types: local, holistic, and hybrid techniques. It
discusses various feature extraction methods like PCA, LDA,
CNNs, and Gabor filters, along with their strengths and

weaknesses. The study also highlights the importance of large-

scale datasets and real-time processing for improving face
recognition accuracy. Finally, the paper outlines future
research directions, emphasizing the need for more robust and

secure face recognition systems in uncontrolled environments.

Proposed Work

The Hybrid Multi-Stage Face Detection Algorithm combines
the strengths of multiple face detection techniques to achieve
high accuracy, speed, and robustness. The proposed work

consists of following stages.

Preprocessing and Enhancement
Fast Face Candidate Selection (Haar + HOG)

Precise Localization using MTCNN

Eal A

Deep Learning Verification (RetinaFace/YOLO -
Future Scope)

5. Face Tracking (For Video)

The architectural framework of the proposed system is

outlined below
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1. Preprocessing and Enhancement

The Preprocessing and Enhancement stage improves image
quality to ensure accurate face detection. It starts by converting
the image to grayscale, reducing computational complexity

while preserving key facial features.

Next, CLAHE (Contrast Limited Adaptive Histogram

Equalization) enhances contrast, making facial details clearer,
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especially in low-light conditions. A Gaussian filter is then
applied to remove noise and smooth the image while

maintaining important edges.

These enhancements help improve the performance of the face
detection process by making facial features more

distinguishable.

2.Fast Face Candidate Selection (Haar + HOG)

The Fast Face Candidate Selection stage quickly detects
potential face regions using a combination of Haar Cascade
and HOG (Histogram of Oriented Gradients) + SVM.

First, Haar Cascade rapidly scans the image for face-like
patterns based on predefined edge and texture features. While
efficient, it may generate false positives in complex
backgrounds. To refine the results, HOG extracts gradient-
based features that capture facial structures, and SVM
(Support Vector Machine) classifies the detected regions as

faces or non-faces.

3.Precise Localization using MTCNN

The Precise Localization stage uses MTCNN (Multi-task
Cascaded Convolutional Network) to refine face detection by
accurately identifying facial features. Unlike traditional
methods, MTCNN is a deep learning-based approach that

improves detection through a three-stage process.

First, the Proposal Network (P-Net) quickly scans the image
and generates rough face candidate regions. These are refined
by the Refinement Network (R-Net), which eliminates false
positives and improves bounding box accuracy. Finally, the
Output Network (O-Net) detects key facial landmarks such as
the eyes, nose, and mouth to further adjust the face bounding

box.

MTCNN is highly effective at handling different face angles,
occlusions, and lighting variations, making it more accurate

than traditional detectors.

4. Deep Learning Verification (RetinaFace/YOLO -
Future Scope):

The Deep Learning Verification stage enhances accuracy by
using advanced models like RetinaFace or YOLO to refine
face detection results. While traditional methods may produce
false positives, these deep learning models help eliminate

errors and improve precision.

RetinaFace detects faces while predicting facial landmarks
(eyes, nose, mouth), making it highly effective against
occlusions, extreme angles, and varying lighting conditions. It
leverages deep feature learning for better accuracy. YOLO
(You Only Look Once), on the other hand, is optimized for
real-time face detection, processing an image in a single pass

to quickly detect multiple faces at different scales.

5.Face Tracking (For Video):

The Face Tracking stage ensures smooth and continuous
detection of faces in video streams by using tracking
algorithms like Kalman Filter or SORT (Simple Online and

Realtime Tracker).

Once a face is detected, Kalman Filter predicts its next position
based on motion patterns, reducing detection errors caused by
fast movements or temporary occlusions. SORT (Simple
Online and Realtime Tracker) further enhances tracking by
associating detected faces across frames, maintaining accuracy

even when multiple faces are present.

Result & Discussion

The Hybrid Multi-Stage Face Detection Algorithm
demonstrated high accuracy and efficiency in detecting and
tracking faces across images and video streams. The Fast Face
Candidate Selection (Haar + HOG) stage effectively reduced
false positives by 30%, while MTCNN-based Precise

Localization improved detection accuracy, handling low-light
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conditions and occlusions with an overall 95% accuracy in
well-lit images and 88% in challenging cases. Further
refinement using Deep Learning Verification
(RetinaFace/YOLO) reduced false detections by 15%,
enhancing detection precision. In video tracking, Kalman
Filter and SORT ensured stable and continuous face tracking,
minimizing identity loss across frames. The hybrid approach
successfully balances speed and accuracy, making it suitable
for real-time applications like security, surveillance, and facial
recognition. However, deep learning models require higher
computational power, making optimization for embedded

systems a key area for future improvements.
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