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Abstract: 

This paper presents a comprehensive survey of different face detection and recognition techniques, with a 

primary focus on face recognition. Face recognition is a rapidly evolving field that has numerous 

applications, such as security systems, biometric authentication, law enforcement and social media. The 

paper provides an overview of the various approaches and algorithms used in face detection, including 

Haar-cascade, Histogram of Oriented Gradients (HOG), and deep learning-based techniques, among others. 

However, the paper places more emphasis on face recognition and discusses in detail various recognition 

techniques, such as feature-based, template-based, and neural network-based methods. Finally, the paper 

concludes with a discussion of current research trends and future directions in the field of face recognition. 

The survey's overall goal is to present a thorough grasp of the most recent facial recognition technologies 

and potential uses for them. 

Introduction: 

The process of finding and localising human faces in pictures or videos is known as face detection. It is 

frequently the initial stage of the face recognition process. The technique of recognising faces entails 

locating facial characteristics like the mouth, nose, and eyes in a picture or video frame. 

Applications for face detection range from digital photography to video surveillance to human-computer 

interaction. It can be employed as well in security systems to find and follow people of interest in public 

places like airports. 

There are several approaches and algorithms used in face detection, each with its advantages and 

disadvantages. Here are some of the most commonly used techniques: 

1. Haar Cascade: This method is frequently applied in real-time identification of faces systems and 

relies on Haar-like characteristics. It makes use of a number of classifiers to identify characteristics 

like the mouth, nose, and eyes before combining them to identify faces. 

2. Histogram of Oriented Gradients (HOG): By examining the edge orientation of a gradient picture, 

this approach pulls characteristics from an image. It then employs an SVM classifier, or support 

vector machine, to use these attributes to identify faces. 

3. Deep Learning-based Techniques: Modern performance in face identification has been attained 

using deep learning-based methods. Face identification frequently makes use of methods like 

Convolutional Neural Networks (CNNs) and Region-based CNNs (R-CNNs). 

Face recognition is a technique that uses a person's facial traits to recognise or confirm their identification. 

In order to identify a match, facial traits including the distance between a person's eyes, nose shape, and 

jawline are extracted from an image or video of their face and compared to a database of recognised faces. 

Face recognition has several uses, including in digital marketing, security and surveillance, and biometric 

authentication. It may also be used to identify suspects in criminal investigations or to track attendance at 

places of employment and education. It can be used in access control systems, such as unlocking a 

smartphone or computer. 
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Numerous facial recognition methods fall under three major categories: feature-based, template-based, and 

neural network-based approaches. 

4. Feature-Based Methods: These techniques isolate particular facial characteristics, such as the 

mouth, nose, and eyes, and then contrast them with a database of recognised faces. Examples of 

feature-based techniques are local binary patterns (LBP) and Eigen-faces. 

5. Template-Based Techniques: To identify a person, these techniques save an example of a 

recognised face and then contrast it to a fresh image. Examples of template-based techniques 

include correlation and template matching techniques. 

6. Neural Network-Based Methods: These approaches identify and recognise faces using deep 

learning algorithms. Neural network-based techniques include convolutional neural networks and 

recurrent neural networks. 

Along with these methods, there exist hybrid approaches that integrate several techniques for improved 

accuracy and resilience. For instance, a hybrid approach may integrate algorithms based on feature-based 

and neural networks to recognise faces under difficult lighting situations. The exact needs of the 

application and the available resources, including computer power and data availability, determine the face 

recognition approach to use. Every technique has benefits and drawbacks, so choose the right one is crucial 

for achieving the best results. 

Methodology: 

What is HOG? 

Histogram of Oriented Gradients is referred to as HOG. It is a feature descriptor used for object 

identification and recognition in computer vision and processing of images. 

HOG calculates the amount of gradient as well as direction within each individual cell by segmenting a 

picture into tiny cells. The histogram of gradient orientation is then constructed using the gradient 

magnitude as well as direction, with the histogram bins reflecting various gradient orientation ranges. A 

concise depiction of the local picture structure inside the cell may be found in the resultant histogram. 

The HOG descriptor is frequently used in object identification algorithms, including the well-known 

"Support Vector Machine" (SVM) technique. In this case, a classifier that can determine whether or not a 

specific region includes an object that is intriguing is trained using the HOG descriptor, which is generated 

for various parts of an image. 

Despite the fact that HOG is a useful feature descriptor for identifying objects, deep learning-based 

approaches have mostly taken its place for tasks like face recognition and picture classification since they 

have been proved to be more precise and adaptable. 

Traditional computer vision methods like Histogram of Gradients (HOG) are frequently used in identifying 

objects, including identifying faces. In order to depict the look of the item, it extracts local gradients details 

from picture patches and computes histograms of these gradients. Here is a quick comparison between 

HOG and the previously described deep learning methods: While deep learning models are able to learn 

more complicated and abstract traits directly from raw data, HOG is a naive feature mining approach that 

depends on hand-crafted features. 
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1. HOG often performs less accurately than deep neural network models for tasks involving face 

recognition, particularly when coping with significant fluctuations in position, lighting, and 

expression. 

2. Compared to deep learning models, HOG requires less compute, making it a better fit for 

applications in real time or gadgets with constrained computing power. 

3. HOG may be easier to understand than models based on deep learning since gradient histograms 

can be seen and examined to learn more about the look of the item being identified. 

HOG is an effective method for detecting objects, including faces, and it can be a viable choice in some 

situations when deep learning models might not prove feasible. Deep learning models, however, are often 

more efficient for jobs requiring high levels of face recognition accuracy. 

Here is a comparison of HOG with deep learning-based face recognition methods: 

 

Feature HOG Deep learning 

Accuracy HOG performs reasonably well for 

object detection tasks but is not as 

accurate as deep learning-based 

methods for face recognition. 

Deep learning-based methods 

have achieved state-of-the-art 

performance on face recognition 

benchmarks. 

Training data 

requirements 

HOG requires carefully crafted 

features and a large dataset for training 

a classifier, which can be time-

consuming and difficult. 

Deep learning-based methods 

can learn features automatically 

from large amounts of data, 

making them easier to train and 

more flexible. 

Speed HOG is faster than deep learning-

based methods for face recognition, 

but slower than some traditional 

computer vision methods. 

Deep learning-based methods 

can be slower than HOG, but 

can be optimized for faster 

inference on specialized 

hardware. 

Robustness HOG is susceptible to changes in 

lighting, pose, and occlusion, and may 

require additional preprocessing steps 

to handle these challenges. 

Deep learning-based methods 

are more robust to variations in 

lighting, pose, and occlusion, 

but may still require careful 

tuning and preprocessing. 

Hardware 

requirements 

HOG can be implemented on a wide 

range of hardware, including 

embedded devices, but may not be as 

efficient as deep learning-based 

methods on specialized hardware. 

Deep learning-based methods 

may require specialized 

hardware, such as GPUs or 

TPUs, for efficient inference, 

but can achieve high throughput 

on these platforms. 
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The Most Popular Face Recognition Models 

Popular deep learning models for facial recognition include VGG-facial, Google FaceNet, OpenFace, 

Facebook DeepFace, DeepID, Dlib, and ArcFace. An overview of these models is provided below: 

1. VGG-Face: The University of Oxford's Visual Geometry Group created the deep learning model 

VGG-Face. In order to extract features from facial pictures, it employs a 16-layer CNN 

architecture, and it has attained state-of-the-art performance on a number of face recognition 

benchmarks. 

2. Google FaceNet: Created by Google, FaceNet is a deep learning model that use a siamese network 

to learn a mapping from face photos to a high-dimensional feature space. It excels at face 

recognition tasks and is renowned for its capacity to recognise faces over a wide range of posture 

changes. 

3. OpenFace:Developed by Carnegie Mellon University, OpenFace is an open-source facial 

recognition system. It extracts characteristics from facial pictures using a combination of deeper 

learning and standard computer vision approaches and achieves excellent accuracy on recognition 

of faces tests. 

4. Facebook DeepFace: The DeepFace algorithm is a deep learning model built by Facebook that 

extracts characteristics from face photos using a 9-layer CNN architecture. It outperformed humans 

on the Labelled Faces in the Wild (LFW) dataset and showed excellent accuracy on various face 

recognition standards. 

5. DeepID: DeepID is a deep learning model created by the Chinese University of Hong Kong that 

extracts characteristics from different layers of face photos using multiple deep neural networks. It 

outperformed the competition on numerous facial recognition standards. 

6. Dlib: Davis King created Dlib, an open-source package that comprises a face identification method 

and a facial feature detection technique. For face recognition, it may be used in concert with other 

models that use deep learning. 

7. ArcFace: ArcFace is a deep machine learning model created by Megvii Technology that learns a 

biassed feature representation for facial recognition using a unique loss function. On various facial 

recognition metrics, it obtains good accuracy. 

Analysis Table 

Technique Type of 

Model 

Feature 

Extraction 

Training 

Data 

Performance Computational 

Cost 

Interpretable 

HOG Traditional 

CV 

Hand-

crafted 

features 

Labeled 

images 

Moderate Low Yes 

VGG-Face CNN Deep 

learning 

Large 

labeled 

images 

High High No 

Google 

FaceNet 

Siamese 

Network 

Deep 

learning 

Large 

labeled 

images 

High High No 

OpenFace Hybrid Deep 

learning + 

Traditional 

Large 

labeled 

images 

High Moderate Yes 
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CV 

Facebook 

DeepFace 

CNN Deep 

learning 

Large 

labeled 

images 

High High No 

DeepID Multiple 

CNNs 

Deep 

learning 

Large 

labeled 

images 

High High No 

Dlib CNN + 

Traditional 

CV 

Deep 

learning + 

Hand-

crafted 

features 

Labeled 

images 

High Moderate Yes 

ArcFace CNN Deep 

learning 

Large 

labeled 

images 

High High No 

 

 

Popularface recognition libraries 

Here are some popular face recognition libraries that can be used for developing face recognition 

applications: 

1. OpenCV: A well-known computer vision library including face detection, recognition, and 

tracking tools. 

2. Dlib: An advanced face detection and identification technique, along with other computer vision 

technologies, are all included in this C++ package. 

3. Face identification: A deep learning model-based Python library that offers a high-level 

interface for face identification. 

4. DeepFace: A Python library with implementations of the VGG-Face, Google FaceNet, and 

Facebook DeepFace deep learning face recognition models. 

5. PyTorch: A widely-liked deep learning framework with tools for creating and custom model 

training, as well as learned models for face recognition. 

6. TensorFlow: A further well-liked deep learning framework with tools for creating and custom 

model training, as well as pre-trained face recognition models. 

7. MxNet: a framework for deep learning with tools for creating and custom model training, as 

well as pre-trained face recognition models. 

8. Torchvision is a PyTorch-based toolkit that has face recognition and other computer vision 

applications using pre-trained models. 

9. InsightFace: Megvii Technology, a Chinese AI firm, developed this deep learning system for 

facial identification. 
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Comparison table of face recognition libraries 

Library 
Programming 

Language 
Type of Model Features 

OpenCV C++, Python, Java Traditional CV Face detection, recognition, tracking 

Dlib C++ 
Traditional CV + 

Deep learning 

Face detection, recognition, 

alignment 

Face 

Recognition 
Python Deep learning Face detection, recognition 

DeepFace Python Deep learning Face detection, recognition 

PyTorch Python Deep learning 
Pre-trained face recognition models, 

tools for building custom models 

TensorFlow Python, C++, Java Deep learning 
Pre-trained face recognition models, 

tools for building custom models 

MxNet 
Python, C++, R, 

Julia 
Deep learning 

Pre-trained face recognition models, 

tools for building custom models 

Torchvision Python Deep learning 
Pre-trained face recognition models, 

tools for building custom models 

InsightFace Python, C++ Deep learning 
Pre-trained face recognition models, 

tools for building custom models 
 

Applications: 

Face detection and recognition have many uses in many different disciplines and businesses.  

1. Security and surveillance: To identify and monitor people in public places, airports, and 

border crossings, recognition and detection of faces are frequently employed in surveillance 

and security systems. 

2. Face recognition is often used in smartphones, computers, and other devices for biometric 

authentication. Additionally, it may be applied to open up restricted regions. 

3. Marketing and advertising: By using face detection and identification to study consumer 

behaviour and demographics, tailored marketing campaigns and individualised shopping 

experiences are made possible. 

4. Healthcare: Face recognition may be used to identify and track patients, as well as to keep 

tabs on how patients with mental health conditions are feeling emotionally. 

5. Law Enforcement: Face recognition technology can help law enforcement organisations 

identify criminals and solve crimes. It may also be utilised to follow criminals' movements. 

6. Entertainment: Augmented and virtual reality, and gaming all employ face detection and 

identification in the entertainment sector. 

7. Education: Face recognition may be used to identify students and keep track of attendance 

in the educational setting. 

 

 

 

 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 07 Issue: 10 | October - 2023                           SJIF Rating: 8.176                            ISSN: 2582-3930                                                                                                                                               

 

© 2023, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM26092                              |        Page 7 

Conclusion: 

A thorough overview of developments in the subject has been provided by the review of several face 

detection and identification techniques offered in this work. As we've seen, face detection and 

identification are quickly developing technologies with a wide range of real-world uses in multiple fields of 

study and industry, such as security, criminal justice, and biometric authentication. 

The survey has explored a wide range of face identification techniques and algorithms, including 

conventional computer vision methods and deep learning-based ones. Similar to this, the survey has 

covered a variety of facial recognition methods, including neural network-based, feature-based and 

template-based approaches. In recent years, deep learning-based techniques have demonstrated greater 

performance, as well, as we have seen. 

Future developments in face-detection and recognition technology have a tremendous deal of potential. 

This entails the creation of algorithms that are more precise and effective as well as the incorporation of 

these advances into different systems and applications. Additionally, new and intriguing uses for these 

technologies are anticipated to emerge in the years to come as a result of current research in fields like 

three-dimensional face-recognition and emotion-based identification. 

For anyone curious about face detection and identification technology, academics, practitioners, and others 

can benefit greatly from the survey reported in this study. The field's present state-of-the-art is highlighted, 

along with prospective applications and future research goals. 
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