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Chapter 1

INTRODUCTION

In the rapidly evolving field of computer vision, face detection and tracking have
become essential technologies with a wide range of applications, including real-
time video analysis, security systems, and human-computer interaction. These
techniques are fundamental to various systems, such as facial recognition for secu-
rity purposes, augmented reality experiences, and live surveillance. However, the
increasing demand for high-quality video content present key challenges for ex-
isting face detection models. High-resolution video streams generate substantial
amount of data, which can lead to a strain on computational resources utilization.
This thesis explores these challenges and offers some optimized solutions designed
to enhance the efficiency of face detection and tracking algorithms, ensuring they

continue to work effectively even when handling high-quality video streams.

1.1 Background of the Study

Face detection and tracking have been proven to be essential components of real-
time video processing. The traditional algorithms that form the foundation of this
domain, such as the Viola-Jones framework [2], have provided real-time results
in low-quality video streams but are inadequate when faced with the complexity
of high-definition (HD) video feeds. This inadequacy stems from the substantial
increase in data volume, leading to slower processing speeds and lower compu-

tational efficiency. With the exponential growth in the use of high-definition

Page 6 of 137 - Integrity Submission Submission ID  trn:oid:::27535:129277583



z"-.l turnitin‘. Page 7 of 137 - Integrity Submission Submission ID  trn:oid:::27535:129277583

‘“ CHAPTER 1. INTRODUCTION 2

cameras for applications ranging from entertainment to surveillance, there is an
increasing need for algorithms capable of maintaining accuracy and speed.
Figure 1.1 illustrates the flowchart depicting the steps involved in a typical

Face Detection and Tracking system.

Capture Frame

Face Detection

Face
Detected

Facial Feature
Extraction

Tracker Initialization

Update Tracking

ace Sti
detected?

Update Bounding Box

AaY

Figure 1.1: Flowchart depicting a typical Face Detection and Tracking system

.a Recent advancements in machine learning, particularly in convolutional neural
networks (CNNs); have introduced highly accurate detection algorithms, includ-
ing MTCNN and YOLO. These algorithms are renowned for their rapid detec-
tion capabilities in real-time scenarios, but even they struggle when handling
HD content, where data per frame is significantly higher. Consequently, there is
a pressing need for an optimized face detection system that can balance speed

and accuracy while reducing computational overhead, particularly in high-quality
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video environments.

1.2 Problem Statement

As the demand for high-quality video processing rises, existing face detection al-
gorithms encounter several challenges. The large amount of data in each frame,
characteristic of high-resolution videos, increases the computational cost of de-
tection algorithms, thereby slowing the entire process. In real-time systems, such
as autonomous vehicles, security surveillance, and live event broadcasting, delays
caused by inefficient processing can render these systems ineffective. Current
models are optimized for low-resolution streams and cannot cope with the com-
putational requirements imposed by high-quality content without a significant
loss in performance.

This research aims to bridge this gap by proposing two optimized models:
first model integrates the face detection with feature-tracking technique, and the
second model integrates face detection with a Non-Neighbourhood Background
Elimination (NNBE) technique. These methods focus computational efforts on
regions of interest within the video frames, reducing the amount of unnecessary
data processed in each frame. By tracking only the detected facial landmark
points across frames, and limiting the detection area to the previously detected
face region, these models significantly reduce computational demands without

compromising the accuracy of face detection and tracking.

(] 14 1137 Objectives of theStudy

The main objective of this thesis is to develop a model that optimizes face de-
tection and tracking in high-quality videos, improving processing speed without
compromising detection accuracy. To achieve this, the following specific objec-

tives are defined:

- o 1. To implement various traditional and State-of-the-Art methods of Face de-
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tection and tracking.

2. To develop a novel efficient algorithm for face detection that can optimize

the trade-off between feature detection and non-facial region elimination.

3. To develop a face detection model that gives high accuracy while increasing

execution speed

4. To design a face tracking algorithm that tracks detected faces at high rate.

1.4 Contributions of the Research

This research introduces an optimized face detection model that addresses the
existing limitations in processing high-quality video streams. It also introduces a
Neighbourhood calculating technique, that facilitates in improving the processing

speed of overall face detection system. The key contributions are as follows:

1. The proposed model integrates the use of Face Detection algorithms with
Feature-tracking technique, which reduces the processing time by decreas-
ing the required computations of face detection in every frame, making it

significantly faster to process faces in High-quality video streams.

2. The work also contributes by introducing simple occlusion resolution meth-
ods using extrapolation techniques, improving the reliability of face tracking

when parts of the face are obscured.

3. Another contribution of the work is by proposing a model that integrates an
NNBE technique, which reduces the area of interest and limits unnecessary
computations in subsequent frames, significantly improving the processing

speed for HD video feeds.

4. This thesis provides a comprehensive evaluation of the proposed models
across various frame rates and video qualities, demonstrating its superiority

in terms of execution time and accuracy compared to current commercial

models like YOLO and MTCNN.
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Thests Outline

The thesis is organized into several chapters as follows:

Chapter 2 reviews existing literature on face detection and tracking algo-
rithms, with an emphasis on real-time processing and computational effi-

ciency in high-quality video content.

Chapter 3 provides an analysis of traditional and modern face detection
methods, highlighting their strengths, weaknesses, and suitability for HD

video applications.

Chapter 4 details the datasets used for evaluating the proposed model,
focusing on high-resolution video feeds and the challenges they present to

detection algorithms.

Chapter 5 presents an optimized model, detailing the integration of the Face

Detection technique with Feature tracking, and its impact on performance.

Chapter 6 discusses the issue of occlusion in face tracking, proposing meth-

ods for resolving partial and full occlusions in high-resolution videos.

Chapter 7 presents the NNBE component for the overall face detection and
tracking systems, and evaluates the performance improvements of various

Face Detection methods by its integration.

Chapter 8 integrates the previously discussed NNBE component to the Face
Detection System, and evaluates the runtime performance of the proposed
model| offering a detailed comparison with existing commercial face detec-

tion systems.

Chapter 9 summarizes the findings, conclusions, and potential future re-

search directions in the field of face detection and tracking.

Submission ID  trn:oid:::27535:129277583
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= ©® Chapter 2

LITERATURE REVIEW

This chapter presents an overview of recently published, highly cited research
on face detection algorithms, and object and face tracking methods, and their
integration in effective Face Detection and Tracking systems. It also includes
a review of studies assessing the impact of traditional statistical and machine
learning techniques on the evolution of face detection in the field of Computer

Vision.

2.1 Introduction

With advancements in technology, research increasingly focused on improving the
quality of life for humans as technology users. Many of these technologies required
systems capable of detecting and tracking the presence of humans, particularly
in video feeds. Among the key identifiers in such systems was the human face,
which was commonly used to recognize and identify individuals.

As a result, extensive research had been conducted on detecting and identi-
fying the presence of human faces in video streams. This information was then
utilized to track the movements of identified individuals for various applications
such as security, surveillance, gesture control, and emotion recognition. This
research specifically targets the detection of human faces in high-quality video

streams, and their tracking across subsequent frames.
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2.2 Reviews on different researches for Face

Detection and Tracking schemes

To identify the new field of research work and to understand the state-of-the-art
environment, extensive literature is collected in all the diverse fields of face detec-
tion. The literature is research oriented, which explains only the concepts, and
provides an introduction to the discussed techniques in this field for interested
readers. To understand and interpret the previous works on different aspects re-
lated to the formulation of the present research problem, the literature available
in various sub-areas of face detection that mainly includes facial landmark local-
isation, point and feature tracking, object detection in general, machine learning
and deep learning insights into faces, and other specific literature are also consid-
ered. An effort is made to review the literature based on defined broad objectives
as well as identified literature features related to proposed work. Identified cate-
gories are as:

e Foundational Studies

e Classical Face Detection Techniques

e Other Modern Face Detection Techniques

e Related Object Detection Schemes

e Face Tracking Methods

e Real-Time Processing and Computational Efficiency

e Human-Computer Interaction and Gesture Control

e Deep Learning Techniques and Facial Recognition

It is beyond the scope of this thesis to descriptively report all the references
listed under the various headings. Therefore, an attempt is made to portray the
entire literature in a format so that only a few research articles are covered in the
explanation for each category as a representative work in that particular cate-
gory. It helps in deriving important inferences regarding the trend and potential
for further research in that field.

The literature has not been exhaustive owing to the human information-processing

Z"—.I turnitin Page 12 of 137 - Integrity Submission Submission ID _ trn:oid:::27535:129277583
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limitations, and therefore, is only an indicative sample; nevertheless, it supports
the development of the methodology for efficient processing of the high-quality
facial content information carried out in the thesis. The following few sections
discuss only the major influential articles in various categories which are very im-
portant to the basic formulation of the problem selected for the present research

work.

2.2.1 Foundational Studies

Tomasi and Kanade (1991) [3] presented foundational techniques for detecting
and tracking point features in images. Their work laid the groundwork for many
modern computer vision algorithms by establishing robust methods for feature
detection and tracking. These techniques greatly influenced the development of
contemporary face detection and tracking systems, marking a pivotal contribution
to the field.

The influential work by Shi and Tomasi (1994) [4] presented a method for
identifying robust features that could be reliably tracked over time in computer
vision applications. Their algorithm focused on selecting features that minimized
optical flow estimation error, thus ensuring reliable tracking. The method’s ef-
fectiveness was demonstrated in applications such as object recognition, motion
analysis, and video surveillance. This paper was widely cited and significantly
influenced subsequent research in feature detection and tracking.

Viola and Jones (2000) introduced a groundbreaking method for object detec-

» @ tion, particularly face detection [5], using a boosted cascade of simple features.
Their approach employed a series of classifiers trained with AdaBoost to quickly
reject non-face regions in an image. By utilizing simple rectangular features,
computed rapidly with an integral image, the cascade structure enabled real-
time performance. This method became a standard in the field and was widely
implemented in software frameworks like OpenCV.

Yang, Kriegman, and Ahuja (2002) provided a comprehensive survey of face

» ° detection techniques [6], categorizing them into knowledge-based methods, feature-
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invariant approaches, template matching methods, and appearance-based meth-
ods. The survey discussed the strengths and weaknesses of each category and
addressed challenges such as variations in pose, lighting, and facial expressions.
This paper became alfoundational reference for anyone researching face detection
and offered valuable insights into the state of the field as of 2002.

Yang et al. (2002) [6] provided an extensive survey of face detection tech-
niques, categorizing them into feature-based and image-based approaches. This
comprehensive review offered valuable insights into the strengths, limitations,
and applications of various methods, summarizing the evolution of face detection
technologies and guiding future research directions.

Chao (2007) [7] provided a comprehensive overview of face recognition tech-
niques, offering foundational knowledge and methodologies used in the field. The
paper covered various aspects of face recognition, including theoretical founda-
tions, algorithmic approaches, and practical applications. It reviewed both clas-
sical and modern methods, ranging from geometric feature-based approaches to
machine learning and neural networks, serving as an educational resource for un-
derstanding the development and evolution of face recognition technology. Ad-
ditionally, it discussed implementations in security, authentication, and human-
computer interaction, making it valuable for students, researchers, and practi-
tioners developing face recognition systems.

Seshadrinathan et al. (2010) [8] performed a comprehensive subjective study
to evaluate video quality assessment (VQA) algorithms, incorporating human
perception into the analysis. They collected ratings from 38 observers on 150 dis-
torted video sequences, which included various compression artifacts and trans-
mission errors. By using a single-stimulus paradigm with hidden reference re-
moval, the study minimized bias and led to the creation of the LIVE Video Quality
Database. This publicly available benchmark helped evaluate VQA algorithms
against human perception, with the MOtion-based Video Integrity Evaluation
(MOVIE) index emerging as a leading performer. This research bridged the gap

between objective algorithms and human perception, providing a critical resource
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for developing and validating future VQA systems.

Yang et al. (2014) [9] presented their research at the 2014 IEEE International
Joint Conference on Biometrics, focusing on enhancing face detection accuracy
in multi-view scenarios where faces were captured from diverse angles. Their
proposed approach involved extracting features from multiple image color chan-
nels and combining them to achieve robust face detection across a wide range of
head poses. This method addressed the challenge of detecting faces in varying
orientations, a key issue in real-world applications.

Gupta (2014) [10] offered a critical analysis of various face detection method-
ologies, comparing their strengths and weaknesses in different application sce-
narios. This review provided a comprehensive comparison of existing techniques,
serving as a valuable resource for researchers and practitioners. It helped in se-
lecting appropriate face detection methods based on specific needs, ranging from
security systems with high accuracy requirements to social media platforms that
prioritize speed and efficiency.

Dehkordi et al. (2015) [11] explored the impact of frame rates on the qual-
ity and bitrate of 3D videos, providing valuable insights for optimizing video
playback. The study examined how varying frame rates influenced the perceived
quality and corresponding bitrate requirements of 3D video content. It utilized
both subjective assessments from viewers and objective quality metrics to evalu-
ate different frame rates. The research observed that higher frame rates generally
enhanced perceived video quality but also increased bitrate requirements. The
study identified optimal frame rates that balanced quality and bitrate, offering
guidance for designing efficient 3D video systems and streaming protocols, ensur-
ing high-quality playback while managing bandwidth effectively.

Marcomini and Cunha (2018) [12] presented a detailed comparison of back-
ground modeling techniques for vehicle segmentation, offering valuable insights
into methods that could be adapted for background subtraction in facial analysis
tasks. These background modeling strategies could prove beneficial for isolating

facial regions from dynamic video environments, particularly in scenes with mov-
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ing cameras. Meijering’s (2002) [13] historical review of interpolation techniques
shed light on image resolution enhancement strategies. While not directly linked
to facial detection, the insights gained could be useful during the pre-processing
of high-quality multimedia content within the model, potentially improving the
precision of subsequent facial analysis.

Pairo et al. (2019) [14] focused on delay-free object tracking for robotics appli-
cations, emphasizing the critical role of real-time processing—a goal that aligned
with the objectives of the proposed face detection model. Their work on optimiz-
ing real-time object tracking could inspire the development of efficient algorithms
for real-time face detection within the system. Meanwhile, Park et al. (2011) [15]
proposed a multiscale foreground extraction technique that could be applied to
extracting facial regions from complex video backgrounds. Incorporating such
foreground extraction methods could help the model achieve more reliable facial

detection in busy or cluttered video environments.

2.2.2 Viola-Jones Variations and Optimizations

Viola and Jones (2001) [5] introduced a groundbreaking face detection technique
combining integral images, AdaBoost, and cascaded classifiers. This innovation
set a new standard for accuracy and speed in face detection, influencing subse-
quent research and applications. The method’s robustness and efficiency had a
profound impact on the field, making it a foundational reference for modern face
detection systems.

Viola and Jones (2004) [16] expanded on their earlier work, providing a de-
tailed description of their face detection framework. They elaborated on the
training process, feature selection, and the construction of the classifier cascade.
Extensive experiments demonstrated the algorithm’s robustness under various
conditions, including different lighting, poses, and occlusions. The practical im-
plementation aspects discussed made this paper a valuable resource for both
researchers and developers. The method’s real-time performance on standard

hardware led to its widespread adoption in various applications.
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Wu et al. (2008) [17] presented advancements in cascade face detection
through fast asymmetric learning techniques. They proposed an optimized train-
ing method for cascade classifiers, focusing on reducing false positives while main-
taining high detection rates. The asymmetric boosting algorithm introduced en-
hanced the learning process, making the cascade more effective at distinguishing
face from non-face regions. Experimental results indicated significant improve-
ments in both speed and accuracy, contributing to the development of more effi-
cient and robust real-time face detection systems.

Sundaraj (2008) [18] examined a real-time face detection approach that used
dynamic background subtraction to handle fluctuating backgrounds, which are
common in outdoor surveillance. The method’s key innovation was its dynamic
background model that adapted to changing conditions, ensuring robust face de-
tection. This represented a significant improvement over static models, enhancing
accuracy in dynamic environments.

Heijden et al. (2010) [19] investigated the two-stage process of visual infor-

mation processing and perception, offering insights into how the human brain

- e interprets visual data. The proposed theory outlined a two-stage model where

the first stage [involved basic processing of visual stimuli, including feature ex-
traction and preliminary analysis. The second stage integrated this information
with higher-level cognitive functions to achieve perception and understanding.
This model aided in explaining phenomena such as object recognition and spatial
awareness, providing a framework for developing computer vision algorithms that
emulate human visual processing, thereby enhancing accuracy and efficiency in
visual tasks.

Jin et al. (2014) [20] proposed a method for privacy-preserving face detection
using a variation of the Viola-Jones algorithm. Their work focused on random
base image representation, transforming images to obscure individual identities
while allowing face detection. Balancing privacy and accuracy, they presented
various transformation techniques and their impacts on detection performance.

They discussed the security implications, emphasizing how the method protected
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sensitive information from misuse while enabling effective surveillance. Experi-
mental results demonstrated the efficacy of the privacy-preserving method com-
pared to the standard approach, detailing the trade-offs involved.

Shamia and Chandy (2017) [21] conducted a detailed analysis of the Viola-
Jones face detection algorithm using the LDHF (Large Diverse High-Fidelity)
dataset, which included a wide range of images with varying lighting, expres-
sions, occlusions, and backgrounds. Their evaluation assessed performance using
metrics like detection rate, false positives, and processing time, and compared
Viola-Jones with other face detection algorithms on the same dataset to high-
light its relative strengths and weaknesses. The findings provided insights into
the efficiency of Viola-Jones in handling real-world situations and identified areas
where it could be improved.

Raya et al. (2017) [22] discussed implementing the Viola-Jones face detection
method on an embedded system for CCTV cameras. The authors addressed em-
bedded system constraints, such as limited processing power and memory, which
required efficient algorithms. Real-time processing was essential for surveillance
applications. They applied optimization techniques, including code optimization,
parallel processing, and hardware acceleration, to enhance performance. Practi-
cal tests on CCTV setups demonstrated the system’s effectiveness, highlighting
detection accuracy and response times.

Alyushin and Lyubshov (2018) [23] proposed an enhanced Viola-Jones algo-
rithm for face detection in the long-wave infrared (IR) spectrum, which can be
useful in low-light conditions. Their work involved adapting Haar-like features to
suit the thermal characteristics of IR images, fine-tuning algorithm parameters
such as window size, scale factor, and minimum neighbors for IR data, and using
an IR-specific dataset for training and evaluation to highlight the differences from
visible spectrum data. The paper demonstrated improved performance in terms
of detection accuracy and robustness under various IR conditions.

Huang et al. (2019) [24] explored various strategies to optimize the Viola-

Jones face detection algorithm, a well-known method for real-time object detec-

Page 18 of 137 - Integrity Submission Submission ID  trn:oid:::27535:129277583



7 turnitin

7) turnitin

Page 19 of 137 - Integrity Submission Submission ID  trn:oid:::27535:129277583

CHAPTER 2. LITERATURE REVIEW 14

tion. They focused on enhancing computational efficiency and detection accuracy
by adjusting Haar-like features to better capture facial characteristics, tweaking
the AdaBoost algorithm to reduce computational overhead while maintaining
strong classifier performance, and improving the cascade structure to reject neg-
ative samples more efficiently, thus speeding up the detection process. The paper
presented experiments that compared their proposed model with the original
Viola-Jones method, showing improvements in detection rates and processing
time.

Pairo, Loncomilla, and Solar (2019) [25] proposed facial parts detection using
the Viola-Jones algorithm, focusing on applying the algorithm to detect specific
facial features (eyes, nose, mouth) instead of just the whole face. They dis-
cussed the methodology for segmenting facial parts and outlined modifications
to improve detection precision in detail. The paper presented experiments con-
ducted under various conditions (lighting, orientation), demonstrating significant
improvements in detection rates. It emphasized the algorithm’s usefulness for ap-
plications requiring precise facial feature recognition, such as biometrics, emotion

detection, and facial expression analysis.

2.2.3 Other Modern Face Detection techniques

Yang et al. (2014) [9] introduced a method for multi-view face detection using
aggregate channel features (ACF). By integrating multiple image channels, such
as gradient magnitude and orientation, ACF enhanced robustness across different
face poses and angles. This method proved particularly effective in complex
environments, making it suitable for diverse applications, including surveillance
and security.

Derhalli et al. (2015) [26] presented an enhanced face detection technique
that integrated boosting algorithms with histogram normalization. The approach
aimed to improve the accuracy and efficiency of face detection systems by ad-
dressing issues such as varying lighting conditions and facial expressions. The

study demonstrated the robust framework provided by these integrated tech-
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niques through experimental results.

Putro et al. (2015) [27] focused on developing adult image classifiers using the
Viola-Jones face detection method. The research highlighted the adaptation of
the algorithm for identifying and classifying adult content images. It discussed the
challenges and solutions associated with implementing face detection algorithms
in content moderation systems, demonstrating the versatility of the Viola-Jones
algorithm in various applications.

Dasan et al. (2015) [28] combined the traditional Viola-Jones method with
neural networks to enhance face detection accuracy. By leveraging the strengths
of both techniques, the hybrid approach improved detection rates and reduced
false positives. The study addressed the limitations of the Viola-Jones algorithm,
such as its dependency on predefined features and sensitivity to occlusions, by

integrating neural networks into the detection process.

”» ° [lumination Invariant Face Detection Using the Viola-Jones Algorithm, intro-

duced by Nehru et al. (2017) [29], addressed the challenge of detecting faces under
varying lighting conditions, which can significantly impact accuracy. They pro-
posed enhancements to the Viola-Jones algorithm to improve robustness against
illumination changes. The method integrated preprocessing techniques, such as
histogram equalization and adaptive gamma correction, to normalize lighting be-
fore applying face detection. The enhancements achieved improved detection
accuracy, especially in uneven or poor lighting environments, which is crucial for
real-world applications like security surveillance and smartphone facial recogni-
tion, where lighting cannot be controlled.

Ranftl et al. (2017) [30] introduced a real-time AdaBoost cascade face tracker
based on likelihood maps and optical flow, presenting an advanced face tracking
system that combined Viola-Jones, AdaBoost, likelihood maps, and optical flow.
Designed for real-time operation, the system provided robust and accurate track-
ing in video sequences. It integrated AdaBoost for improved accuracy, likelihood
maps for probabilistic face location estimation, and optical flow for tracking de-

tected faces across video frames. The system maintained stable face tracking even

Z"—.I turnitin Page 20 of 137 - Integrity Submission Submission ID _ trn:oid:::27535:129277583



z'l_.l turnitin Page 21 of 137 - Integrity submission Submission ID _ trn:oid::27535:129277583

CHAPTER 2. LITERATURE REVIEW 16

under challenging conditions, such as rapid movements and occlusions, making
it relevant for video surveillance and human-computer interaction systems that

require real-time responsiveness.

2.2.4 Related Object Detection Schemes

Redmon et al. (2018) [31] introduced a newer version of the popular object de-
tection framework YOLO (You Only Look Once), called YOLOv3. This version
featured a deeper network architecture and improved feature extraction tech-
niques, which not only maintained high detection accuracy but also kept the
processing in real-time. As a result, YOLOv3 proved highly effective for applica-
tions requiring both precision and efficiency, such as face detection, autonomous
driving, and security systems.

Rungruangbaiyok et al. (2019) [32] addressed the challenge of static fore-
ground elements in background subtraction for moving object detection. Their
paper introduced a novel probabilistic approach to remove static foreground ob-
jects from the background model. This method enhanced the precision of back-
ground subtraction and improved the detection of moving objects, which is crucial
for high-fidelity applications like surveillance and traffic monitoring.

Wang et al. (2021) [33] enhanced object detection with the CloU loss function,
which improved bounding box regression precision. By considering the overlap
area, center point distance, and aspect ratio of predicted and actual boxes, CloU
provided significant advantages for face detection, where precise localization is

crucial.

2.2.5 Face Tracking Methods

Bolme et al. (2010) [34] introduced adaptive correlation filters for real-time vi-
sual object tracking, capable of adjusting to changes in the appearance of tracked
objects. Their primary aim was to develop a robust object tracking system that
could handle variations in object appearance due to lighting changes, occlusions,

and deformations. The system employed adaptive correlation filters that dynam-
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ically updated the tracking model based on recent observations. By utilizing a
correlation filter that adapted to visual changes, it maintained high tracking accu-
racy. The technique demonstrated significant improvements in tracking accuracy
and robustness compared to static filter approaches, proving applicable in fields
such as video surveillance, autonomous vehicles, and augmented reality.

Suleiman et al. (2014) [35] proposed an energy-efficient hardware architecture
for real-time object detection in HD videos. Their system utilized Histogram of
Oriented Gradients (HOG) features for object recognition and a Support Vector
Machine (SVM) for classification, enabling fliéiprocessing 611080 HD video at
60 frames per second (fps) with multi-scale support. This design addressed the
challenge of balancing power consumption with high-speed processing, making
it ideal for applications in surveillance and video analytics. Further exploration
could expand this architecture to incorporate other detection algorithms and more
complex vision tasks.

Ranftl et al. (2017) [30] introduced a real-time AdaBoost cascade face tracker
based on likelihood maps and optical flow. This advanced face tracking system
combined the Viola-Jones algorithm, AdaBoost, likelihood maps, and optical flow,
and was designed for real-time operation, providing robust and accurate tracking
in video sequences. The integration of AdaBoost improved accuracy, while likeli-
hood maps facilitated probabilistic face location estimation. Additionally, optical
flow was employed to track detected faces across video frames, ensuring stable
face tracking even under challenging conditions such as rapid movements and oc-
clusions. This system proved relevant for video surveillance and human-computer
interaction applications requiring real-time responsiveness.

Barquero et al. (2021) [36] proposed a rank-based verification approach aimed
at improving the accuracy and robustness of long-term face tracking in crowded
environments. Their work addressed challenges in face tracking within such
scenes, including occlusions, changes in appearance, and interactions. The so-
lution enhanced face tracking by prioritizing and verifying the most probable

face matches over time. By integrating ranking mechanisms into the tracking
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process, the method continuously updated and verified tracked faces against a
database. The paper reported significant improvements in tracking performance
in complex, crowded environments, making it suitable for applications like public
surveillance and addressing the limitations of traditional face tracking methods
in dynamic, densely populated settings.

Shen et al. (2022) [37] explored the application of knowledge distillation in
Siamese networks for visual object tracking. Their method employed a teacher-
student framework, wherein a complex teacher network trained a more efficient
student network, achieving high tracking performance while reducing computa-
tional demands. This innovation is particularly valuable for real-time applications
that require both accuracy and efficiency, contributing to more reliable face de-

tection and tracking systems in dynamic environments.

2.2.6 Real-Time Processing and Computational Efficiency

Acasandrei et al. (2013) [38] present a hardware accelerator designed for the
Viola-Jones face detection algorithm, implemented using the AMBA bus proto-
col. Their study emphasizes enhancing computational efficiency by translating
the algorithm into a hardware format. The paper includes detailed technical
specifications and performance benchmarks, showcasing significant speed and ef-
ficiency improvements achieved through this hardware-based solution.

” @ Wai et al. (2015) [39] investigate the GPU acceleration of the Viola-Jones
face detection algorithm. They focus on adapting the traditionally CPU-based
algorithm to harness the parallel processing capabilities of GPUs, resulting in
substantial reductions in processing time. Their approach achieves significant
improvements in speed by parallelizing both the feature extraction and classifi-
cation stages, making real-time face detection feasible even for high-resolution
images and video streams. The study also addresses the technical challenges and
solutions involved in implementing the algorithm on GPU hardware.

Wang et al. (2018) [40] explore the parallelization and optimization of the

- Q Viola-Jones face detection algorithm using OpenCL. Their study aims to enhance
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the performance of face detection gystems through the use of parallel computing
techniques. They demonstrate significant improvements in processing speed and
efficiency, providing valuable insights into the potential of parallel computing for
real-time face detection applications.

Yu and Tao (2019) [41] and Zeng et al. (2019) [42] emphasize the crucial need
for computational efficiency in face detection systems. Yu and Tao introduce an
“anchor cascade” method that employs a progressive filtering approach. This
technique refines detected faces while swiftly discarding non-facial regions during
the initial detection stages, resulting in faster detection times. Meanwhile, Zeng
et al. present a "pyramid network” architecture, which conducts image analy-
sis at multiple resolutions, allowing for the detection of faces at various scales.
Both approaches significantly enhance the speed and efficiency of face detection
processes, making them more applicable for real-time scenarios.

Wu et al. (2023) [43] introduce YuNet, a lightweight face detection model that
effectively balances model size with computational efficiency. YuNet achieves de-
tection times in the millisecond range without compromising accuracy, positioning
it as an ideal solution for real-time applications on resource-constrained platforms
such as mobile devices and embedded systems. This development represents a

notable advancement in high-performance face detection technology.

2.2.7 Human-Computer Interaction and Gesture Control

Lahiani et al. (2016) [44] propose a hand pose estimation system based on the
Viola-Jones algorithm tailored for Android devices. This work extends the appli-
cation of the Viola-Jones algorithm beyond face detection to accurately estimate
hand positions and recognize gestures in real time using mobile device cameras.
The authors adapt feature selection specifically for hand shapes and movements,
achieving effective detection of various hand poses and gestures. This capability
is essential for gesture-based user interfaces, highlighting the algorithm’s versatil-
ity and potential integration into mobile applications, particularly in virtual and

augmented reality interfaces.
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Chib et al. (2023) [45] investigate the use of the VGG19 neural network for
multimodal learning in surveillance applications, aiming to handle multiple data
types to enhance monitoring capabilities. Their research enhances surveillance
systems by integrating multimodal data, such as images and audio, through a
calibrated VGG19 architecture. The methodology involves fine-tuning the net-
work’s layers and parameters to optimize performance with multimodal inputs,
leading to significant improvements in surveillance accuracy and robustness. This
work demonstrates how deep learning techniques can be leveraged to create more
adaptable and precise surveillance systems, thereby providing a comprehensive

monitoring solution.

2.2.8 Deep Learning Techniques and Facial Recognition

Zhang et al. (2016) [46] introduce the multitask cascaded convolutional network
(MTCNN), which combines face detection and alignment into a cohesive frame-
work. This network employs a three-stage process that progressively refines both
tasks, significantly enhancing accuracy and robustness, especially in challenging
scenarios such as varying lighting conditions and occlusions. The MTCNN’s uni-
fied approach is vital for real-world applications where precise face detection and
landmark localization are required.

Li et al. (2016) [47] propose an innovative method for face detection that
incorporates depth information along with traditional features like Histogram
of Oriented Gradients (HOG) and Local Binary Patterns (LBP). This fusion
of depth data significantly improves detection accuracy by providing additional
spatial context, making it particularly effective in complex scenes where standard
2D methods may fall short.

Similarly, Lu et al. (2022b) [48] explore object segmentation through rela-
tional visual data analysis, focusing on the interactions among elements within a
scene. This approach could offer advantages for facial analysis in crowded or clut-
tered environments. Integrating depth information as an optional input stream

in the proposed model or investigating methods to infer depth from regular RGB

Page 25 of 137 - Integrity Submission Submission ID  trn:oid:::27535:129277583

Submission ID  trn:oid:::27535:129277583



7 turnitin

* O

7) turnitin

Page 26 of 137 - Integrity Submission Submission ID  trn:oid:::27535:129277583

CHAPTER 2. LITERATURE REVIEW 21

video are promising strategies for enhancing robustness in challenging conditions.

Joseph et al. (2017) [49] examine the integration of Histogram of Oriented
Gradients (HOG) features with Support Vector Machines (SVM) for effective
object tracking. The proposed technique combines HOG for feature extraction
with SVM for classification, enabling accurate tracking of objects within video
sequences. HOG features offer robust representations of object appearance, while
the SVM classifier effectively distinguishes the target object from other elements
in the scene. This combined approach demonstrates high tracking accuracy and
robustness, successfully addressing challenges such as changes in object appear-
ance and occlusions. This advancement is particularly relevant for real-time ob-
ject tracking systems utilized in surveillance and automation.

Zeng et al. (2018) [50] investigate facial expression recognition through the
use of deep sparse autoencoders. Their methodology focuses on learning sparse
representations of facial features, leading to improved accuracy in facial expression
classification. This technique is particularly beneficial for applications in human-
computer interaction and emotional analysis, contributing to enhanced precision
in recognizing and interpreting facial expressions.

Yu and Tao (2019) [41] and Zeng et al. (2019) [42] highlight the critical
importance of computational efficiency in face detection systems. Their work
introduces techniques designed to optimize both execution speed and resource
utilization. Yu and Tao propose an ”anchor cascade” method, which is a pro-
gressive filtering approach that refines detected faces while quickly discarding
non-facial regions in the initial stages, resulting in faster detection times. Zeng
et al. introduce a "pyramid network” architecture that performs image analysis
at multiple resolutions, allowing for the detection of faces at varying scales. Both
methods significantly contribute to enhancing the speed and efficiency of face
detection processes, making them more suitable for real-time applications.

Lu et al. (2020) [51], (2019) [52], and (2022a) [53] introduce substantial ad-
vancements in video object segmentation through the use of episodic graph mem-

ory networks and co-attention Siamese networks. These innovations offer superior
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performance in maintaining temporal coherence across video frames, which is es-
sential for long-term video analysis. This functionality is particularly relevant
for facial tracking applications within this framework. Notably, the zero-shot
video object segmentation capability developed by Lu et al. (2022a) expands
the range of potential applications by enabling the segmentation of previously
unseen objects, making it especially useful in real-world conditions where indi-
viduals may wear accessories like hats or glasses. By integrating or adapting
these segmentation techniques, the framework could enhance facial tracking per-
formance, particularly in extended video sequences or scenarios involving partial
occlusions.

Goel et al. (2022) [54] explore the role of artificial neural networks (ANNs)
and machine learning in processing spatial information, emphasizing their effec-
tiveness across various tasks. The research investigates how ANNs and machine
learning techniques are employed o analyze and interpret spatial data, discussing
several models and neural network architectures specifically designed for this pur-
pose. The study highlights applications in geographic information systems (GIS),
urban planning, and environmental monitoring. The findings demonstrate that
machine learning significantly improves both the accuracy and efficiency of spa-
tial data analysis, underscoring the transformative impact of these technologies
in fields that rely on spatial information.

This review integrates recent research efforts from Meijering (2002), Park et al.
(2011), Li et al. (2016), Marcomini & Cunha (2018), Pairo et al. (2019), and Lu
et al. (2020, 2019, 2022a, 2022b), among others, shedding light on advancements
in facial detection, tracking, video object segmentation, and related techniques.
Although the primary focus is on facial analysis, the exploration of these broader
areas provides valuable insights and potential synergies for developing the pro-
posed face detection framework. By incorporating the insights gleaned from this
expansive literature review, a robust and efficient face detection framework tai-
lored for high-quality multimedia content analysis is targeted for development.

The comparative analysis conducted through this review not only informs the
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design of a conventional facial detection framework but also highlights potential

areas for future research that could further enhance its capabilities.

2.3 Performance FEvaluation Parameters

State-of-the-Art and upcoming algorithms and models are evaluated on stan-
dard benchmark datasets based on a variety of performance measure metrics and
parameters. Face detection and tracking systems are mostly evalulated on the
following parameters:

Accuracy: Accuracy is all about how well the system can correctly identify

faces and non-faces. It’s a measure of overall correctness [55], calculated as:

TP + TN

A |
- CCWaeY = TP + TN+ FP + FN

Here, TP stands for true positives (faces correctly detected), TN for true
negatives (non-faces correctly identified), FP for false positives (incorrect face
detections), and FN for false negatives (missed faces). It gives us a good general

idea of how well the system is performing.

Precision: Precision tells us how accurate the system is when it says some-

thing is a face. It’s calculated by [56]:

TP

Precision — —
recision = = TP
If the system has high precision, it means that most of the faces it finds are

actually faces, which is crucial for reducing false alarms.

Recall: Also known as sensitivity, recall is about how good the system is
at finding all the faces in an image or video [56]. It’s calculated with the given

formula:

TP

l=—
Reca TP T TN
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High recall means the system is catching most of the faces, even if it sometimes

makes a few mistakes.

.e F1 Score: The F1 Score balances precision and recall into a single number.

It’s especially useful when we want a good mix of both for assessing an algorithm

[56]. It is calculated by:

Precision x Recall

F1S =2 X
core Precision + Recall

This score is a handy way to get a quick sense of the overall performance of

the system.

Frame Rate: Frame rate refers to how many frames the system can process
per second, measured in frames per second (FPS) [57]. A higher frame rate means
smoother face tracking, which is key for real-time applications where everything

needs to happen quickly.

.e Execution Time (CPU Clock Cycle): Execution fime is the amount of

time it takes for the system o do its job, measured in CPU clock cycles [58].
Faster execution times are important, especially for real-time tasks, because they

ensure the system can handle a lot of data without slowing down.

Computational Efficiency: Computational efficiency is about how well the
system uses its resources, like processing power and memory, to get the job done
[57]. It’s mainly about getting good results without using a lot of the computer’s

power.

Detection Rate: The detection rate tells us how many actual faces the

system correctly identifies [59]. It’s calculated as follows:

TP

Detection Rate = m

This metric helps us understand how reliable the system is at finding faces.

.° True Positive Rate (Hit Rate): The true positive rate; also called the hit

rate, measures how often the system correctly finds real faces [60]. The formula
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TP

True Positive Rate = ———
TP+ FN
A high true positive rate is crucial, especially in systems where missing a face

could lead to big problems, like in security systems.

False Positive Rate: The false positive rate shows how often the system

mistakes something that isn’t a face for a face [60]. It’s calculated as:

FP

False Positive Rate = ————
alse Positive Rate = TN
Reducing the false positive rate makes the system more reliable by decreasing

wrong face detections.

False Negative Rate: The false negative rate tells us how often the system

misses actual faces [60]. Below is the formula for how it’s calculated:

FN

False Negative Rate = TP T FN

A lower false negative rate is better because it means the system isn’t missing

many faces.

.@ False Alarm Rate: The false alarm rate measures how often the system

wrongly detects faces when there aren’t any [28]. It’s calculated by:

FP

False Al Rate =
alse Alarml hate Total Detections

Lowering this rate helps make sure the system doesn’t give too many false

warnings.

Intersection over Union (IoU): IoU evaluates how well the system’s pre-

dicted face box matches the actual face box [61]. It’s calculated like this:

1
U — Area of Overlap

Area of Union
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Higher IoU values mean the system is doing a good job at pinpointing exactly

where the faces are.

- a Area Under Receiver Operating Characteristic (AUROC): The AU-

ROC measures how well the system can tell the difference between faces and
non-faces at different threshold settings [60]. A higher AUROC value means the

system is better at identifying faces while keeping mistakes low.

Error in Yaw: Yaw error looks at how accurately the system detects the
horizontal angle of a face [62]. It’s the difference between the detected yaw and

the actual yaw:

Yaw Error = |Detected Yaw — Actual Yaw|

Minimizing yaw error helps ensure that the system accurately tracks faces

even when they’re turned sideways.

Tilt Error: Tilt error measures how accurately the system detects the vertical

angle of a face [62]. It’s calculated by:

Tilt Error = |Detected Tilt — Actual Tilt|

Lower tilt error means the system is better at tracking faces no matter how

they’re tilted.

Confidence Score: The confidence score tells us how likely it is that a
detected face is actually a face [63]. This score ranges from 0 to 1, with higher

scores meaning more certainty.

Pyramid Factor: Pyramid factor refers to the different scaling levels used
in the system to detect faces of various sizes [64]. Adjusting the pyramid factor

properly helps the system detect faces at different distances.

Pixel Representation: Pixel representation is about how the system pro-
cesses image data to find faces [65]. The type of pixel representation (like

grayscale or color) can affect how well the system identifies facial features.
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Probability Score: The probability score indicates how likely it is that a
particular area in the image contains a face [66]. This score usually ranges from
0 to 1, with higher numbers meaning the system is more confident that it has
found a face.

The following table outlines the performance metrics used in evaluation of the

researches that were studied as part of the literature review:
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Table 2.1: Evaluation parameters used in various related researches

2.4 Inferences of the Critical Review

e Early researches like works done by Tomasi and Kanade (1991), and Viola and

Jones (2001) provided a very strong foundation, but modern applications re-

lighting conditions, poses, and occlusions.

e Both traditional and modern approaches were gradually able to provide real-time

* O

models like Multitask Cascaded Convolutional Neural Networks (MTCNN) and
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quire more advanced approaches that can deal with real-world challenges such as

performance, which is required for many practical applications. Deep learning
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YOLO (You Only Look Once) have given promising results in improving accuracy
and reliability. However, balancing computational speed with detection precision
remains a challenge, especially for devices with limited processing power, such as

mobile phones and embedded systems.

e The increasing use of high-resolution video content, along with higher frame rates,
also puts pressure on even the most advanced algorithms. While solutions like
hardware acceleration and parallel processing have shown promise in speeding
things up, more research is needed to ensure these methods work well across
different platforms and devices. Real-time face detection systems, particularly
those used in data-heavy applications, must keep evolving to meet these growing

demands.

¢ Additionally, face detection plays a key role in areas like human-computer inter-
action, gesture recognition, and facial expression analysis. This highlights the
importance of developing systems that are not only efficient but also adaptive to

different user needs, making technology smarter and more responsive.

e After studying and analysing the researches done specifically on face process-
ing, the most widely used parameters have also been identified, that have been
used in evaluating the various face processing (detection, tracking, recognition)
algorithms. Accuracy, Execution time and Detection rate were the most
commonly used parameters used in evaluating the algorithms, therefore they’ve
been employed in this research as evaluation parameters upon which the proposed

work is assessed.

e Therefore, while face detection and tracking technologies have progressed at a
good rate, some challenges are yet to be dealt with. Improving the balance be-
tween accuracy and computational efficiency—especially for high-resolution and
high-frame-rate video—rem