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Abstract— The identification of faces from real data, captured images, sensor photos, and database
images is a challenging endeavor. This is because there is a wide range of facial appearances, the
illumination effect, and the intricacy of the image backdrop. The use of image processing and biometric
technology for facial recognition is one of the most effective and significant applications of these
technologies. This research presents a discussion of face identification methods and algorithms that have
been developed by a number of researchers using artificial neural networks (ANN). These algorithms
have been utilized in applications that are not related to image processing and pattern recognition. This
article will also discuss how artificial neural networks (ANN) will be utilized for facial recognition, as
well as how it is superior to other approaches in terms of efficiency. In order to present an overview of
face recognition using ANN, there are many different ways that are provided by ANN. As a consequence
of this, this research includes an exhaustive analysis of face recognition experiments and systems that
make use of a wide variety of artificial neural network (ANN) methodologies and algorithms. Through
the course of this study effort, both the positive and negative aspects of the aforementioned literature
studies and systems were incorporated, in addition to a performance examination of a number of different
ANN techniques and algorithms. During the past twenty years, the discipline of shape detection has
emerged as the most exciting sector of the scientific community. Object identification is the focus of our
discussion as we provide an innovative approach to identifying shapes that are similar to one another. The
process of determining the correspondences between the vertices of two shapes and then using those
correspondences to estimate an aligning transform prior to determining the degree of similarity between
the shapes. In this article, we will go over some of the most important aspects of face detection, which are
useful in a wide range of applications. These applications include face recognition, image classification,
the ability to track faces, facial feature extraction, person identification, identification number, record
keeping and access control, grouping, biometric scientific knowledge, human computer interaction (HCI)
system, electronic beauty products, and many more. Prior to that, I would like to go over some
well-known facial recognition techniques and then some image processing approaches. This is because
we won't be able to effectively identify someone unless we remove the primary parts of their face, which
are their eyes, nose, and mouth. Calculating the difference between the two shapes involves determining
the percentage of the matching mistake that exists between locations that are comparable. As a method
for classifying recognition, we make use of a closest neighbor classification.
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Facial, Recognition Biometrics, Image Processing, Problem Solving, and Artificial Neural Networks are
some of the terms used in the index.

I. INTRODUCTION

Within the context of the present digital era, the human race possesses exceptional recognition abilities.
Since the beginning of time, humans have had the ability to recognize and distinguish between various
face characteristics. Recent research has shown that computers are capable of performing the same tasks.
In the middle of the 1960s, researchers started working on the idea of using computers to recognize human
faces. Since that time, face recognition has come a long way, and both public and commercial
organizations have started to use the technology. In order to enhance the capacities of scientists working
in this field, numerous improvements are now being implemented. The reliable detection of human faces
in arbitrary contexts is the initial step in the process of identifying people, and many experts consider that
this is the most important process involved in facial recognition. In order to attain a low false negative
error rate, the more conventional face recognition algorithms help to reach this goal. These systems
implicitly assume that the losses of all false negatives are the same with each other. According to Ouyang
Z (2018), human figures are nearly equal in terms of global qualities such as size, aspect ratio, and the
position of major features [1]. However, the specifics of human figures can vary greatly within
individuals, depending on factors such as gender, race, or body language. There is a vulnerability index at
the imaginary location in every single scenario. An image of a card counter, thief, or prohibited individual
is taken from the video surveillance system at the Montecito Hotel and Casino. The image is then scanned
through a database in order to locate a match and identify the individual. In an effort to limit the amount
of criminal activity in the area, the Chicago Police Department installed facial recognition
technology-equipped police cameras in the City entertainment zone in the year 2022 [2]. However, the
program proved to be ineffective, and it was eventually dismantled in the year 2022 [3].

Il. FACE RECOGNITION SYSTEM

Facial, identification processing, extraction of features, and face recognition are the four fundamental
elements of every biometric system, as depicted in Figure 1.
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Fig 1: Architecture of Face Recognition System [4]

As demonstrated in Figure 1, the initial responsibility of a biometric is to capture an image through the use
of a video camera, a camera, or a computer. This image is then sent to the subsequent stage of the face
recognition system, which will be addressed in the following aforementioned section [5,6]:

Face Recognition: The major objective of this stage is to identify a face in an image that has been
recorded or in an image that has been selected from the library. Using this face identification approach,
the given image is examined to determine whether or not it contains a face image. Once the face has been
identified, the output is then sent to the pre-processing stage.
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Pre-processing: This stage serves as a face identification pre-processing step, and it is during this stage
that undesirable noise, blur, shifting lighting conditions, and shadowing effects are eliminated by the
application of pre-processing techniques. Following the acquisition of a facial image that is both fine and
smooth, the technique for feature extraction will be carried out.

Face extraction: The use of a feature extraction algorithm is required in order to accomplish the task of
face extraction. Through the use of extractions, many tasks such as data packing, dimensionality
reduction, salient extraction, and noise cleansing can be accomplished. Following the completion of this
phase, a face patch is often transformed into a corrected vector or a collection of feature vectors along with
their respective positions.

Face Recognition: The process of facial identification can be broken down into two distinct categories:
local feature-based methods and global functionality methods when it comes to facial recognition. The
classification of human faces can be done according to both local and global characteristics. As a result of
the fact that global traits are less discriminatory than localized qualities, it is simpler to capture them.
Local facial characteristics have the potential to be extremely discriminatory; yet, they are susceptible to
being damaged by alterations in the facial appearance or partial face blockage. Face recognition systems
of today recognize faces by utilizing numerous perspectives of faces; some authors have offered
multi-view face recognition algorithms for the purpose of recognizing each facet of a head, including the
left, right, front, top, and bottom of the head.

I1l. FACE DETECTION TECHNIQUE

A number of different representation strategies are utilized in the process of face identification. These
strategies include knowledge-based, features sub-distributors, template matching method, image
methods, and part-based methodologies.

There are methods for locating faces that are known as invariant features. These methods involve locating
structural features that are present independent of the position, viewpoint, or lighting conditions. In order
to differentiate themselves from methods that are based on experience and understanding, feature
invariant approaches begin with the extraction of features and the identification of face candidates. They
then verify each candidate by using spatial relations among these features. On the other hand,
knowledge-based methods typically use the entire image and are sensitive to complex ethnicities and
other variables. There are further works that can be found in [7,8]. The detection of faces based on color
data and random labelled graph fitting are both included in this description.

The knowledge that humans have [9] about what constitutes a typical face is encoded through the use of
knowledge-based techniques. In most cases, the rules are able to capture the links that exist between the
characteristics of the face. These algorithms are primarily designed for face localization, which refers to
the process of detecting the position of a single face in a photograph.

Various techniques for matching templates In order to characterize the face as a whole or each facial
feature on its own, typical patterns of a face are maintained. It is necessary to calculate the associations
between being a source image and the stored patterns in order to do detection analysis. Through the
utilization of these methods, both face detection and characterization have been successfully performed.
It is in this context that deformable pattern recognition [10] comes into play. This technique allows for the
templates of faces to be distorted in accordance with specific criteria and constraints.

The appearance-based approaches, as opposed to the pattern matching approaches, learn models (or
templates) by employing a sequence of training photos that are intended to capture the representational
variability in facial characteristics. The detection process then makes use of the learnt models after that
has been completed. There are further noteworthy methods that can be found in [11]. The utilization of
view-based facial recognition is an illustration of this method.

As aresult of the development of the visual theoretical framework and point of interest detectors, such as
the differential of Gaussian sensor [7] (which is utilized in the SIFT detectors) and the Gaussian curved
protection system, part-based approaches have recently garnered a great deal of attention. Both the
identification of faces via the use of a generating theoretical framework and the recognition of elements of
faces through the use of an SVM classifier are well-known methodologies in this category.
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IV. NEURAL NETWORK TECHNIQUE

A neural network is a categorizing technique that is both very effective and dependable. It may be utilized
to make predictions about unknown data in addition to data that is already known. In addition to being
effective with linear and nonlinear datasets, it also works well with separate datasets. Neural networks
have been put to use in a wide range of applications, some of which include the interpretation of visual
scenes, the processing of natural language, the identification of faces, the detection of fingerprints, and the
recognition of iris patterns, amongst others [12].

Artificial neural networks, also known as ANNSs, are constructed from a network of biological neurons
that are referred to as "modules.” A number is assigned to each of these networks based on the strength of
their interconnections, which can be either inhibition (with a maximum of -1.0) or stimulation (with a
maximum of +1.0). Together, these networks are connected to one another.

Hidden Layers

Input Layer Output Layer

Fig 2: Artificial Neural Network

Single Layer Feed Forward Network: A feed technique or acyclic net is a genetic algorithm in which
the input layer of destination node is linked to an outputs input neurons but not the other way around. As
indicated in Figure 3, "single layer" refers to the output layer of compute nodes in a monolayer net.

Input Layer Output Layer
Fig 3: Single Layer Feed Forward Network
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Multilayer Feed Forward Network: Hidden neurons or hidden units are used as computing nodes in this
type of network, which comprises one or more hidden layers for its computations. It is the hidden neurons
that are accountable for the interaction that takes place between the network and the external input. In the
network's input layer, the destination node is responsible for delivering the input signal to the neurons that
are located in the second layer of the first hidden layer. The features that were retrieved from the second
layer are being used as input for the generation of the next layer, and so on... The entire response of the
network to the face detection that was provided by the destination node in the first layer of input is made
up of the number of output signals that were produced by the neurons in each layer [13].

Fig 4: Multilayer Feed Forward Network

Recurrent Network: An example of a feed forward neural network that contains one or more hidden
layers and at least one feedback mechanism is shown in Figure 5. This network is a function of the length.
One possible kind of return is self-feedback, which occurs when the output of a neuron is delivered back
into the cell's own input. With the condition that the neural network contains negative units, dynamical
behavior is the result of the utilization of unit delay elements in feedback loops. Other types of networks
include the delta-bar-delta, Hopfield, learning vector, counters propagating, probabilistic, Hamming,
Boltzman, unidirectional auditory processing, spacio-temporal patterning, adaptive resonant,
self-organizing map, and recirculation networks, amongst others [14].

Fig 5: Recurrent Connected Network

ANNSs can be broken down into three distinct categories: single layer feed forward neural networks,
layered feed forward neural networks, and recurrent neural networks. Each of these categories is going to
be reviewed in this article. In the process of face recognition, numerous researchers have utilized these
kinds of artificial neural networks (ANN), and they have offered a variety of face recognition algorithms.
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V. CONVOLUTIONAL NEURAL NETWORK (CNNs)

Each convolutional, pooling, and non-linear layer is a component of a convolutional neural network
(CNN), which is a type of neural network that is composed of a sequence of units. Deep convolutional
neural networks (CNNs), which typically consist of ten or more of these units and are trained on massive
labelled datasets such as ImageNet, have recently produced generic features that can be utilized in a
variety of recognition tasks. These tasks include image processing [15], object tracking [6], feature
extraction [8], and texture acknowledgement [3]. These structures, when combined with detectors that
pinpoint specific portions of the item, have also delivered state-of-the-art results in the arena of
fine-grained recognition. For example, they have been able to recognize the breed of a dog, the species of
a bird, or the model of a car. When CNNs are not equipped with component localization, they frequently
perform badly. This is due to the fact that there is a significant amount of variation in appearance due to
the different poses that instances of a category can assume. The posture variation, which is also a
phenomenon seen in the face identification problem, is so prevalent that it completely obscures the minute
differences that exist between the categories. These methods, on the other hand, have the drawback of
necessitating (a) the human annotation of parts, which can be a hassle at times, and (b) the detection of
components, which can be expensive from a technological standpoint.

VI. BILINEAR CNNSs

This is Tsung-Yu Lin Subhranshu. It was Aruni RoyChowdhury. It's Maji. It is Johan. The Bilinear
CNN strategy for facial recognition was presented in [9], which has shown surprising greater performance
on fine-grained recognition issues. Managed to learn [9] introduced this approach. In contrast to CNN
models that are based on parts, it bridges the gap between texture models. The outputs of two CNNs'
convolution - necessary specification are mixed using the outer products at each place on the image. This
process is repeated at each location. The piecewise linear feature that was generated subsequently is
applied to the complete image, which ultimately results in an ordered less description. It is possible to
normalize this matrix in order to add more invariance [16, 17]. If one of the feature extractions was a part
detector and another was computed local features, then the bilinear vector that was produced can be used
to characterize the representatives of a part-based description. On the other hand, bilinear vectors are
comparable to Fisher vector calculations in the sense that local attributes are combined with soft
membership to a collection of cluster centers through the use of outer products.

VII. LONG SHORT-TERM MEMORY (LSTM) NETWORKS

LSTM networks, also known as Long Short-Term Memory networks, are a specific kind of recurrent
neural network (RNN) that was developed with the intention of identifying long-term dependencies in
sequential data patterns. LSTMs, in contrast to standard feedforward networks, are equipped with
memory cells and gates that give them the ability to selectively remember or forget information
throughout the course of processing time [17]. Speech recognition, natural language processing, time
series analysis, and translation are just some of the tasks that LSTMs are particularly effective at
performing because of this capabilities.

By utilizing methods such as the forget gate, input gate, and output gate to limit the flow of information,
LSTM networks are able to handle the issues that typical RNNs face, such as vanishing or bursting
gradients, with exceptional success. On the other hand, choosing the suitable architecture and parameters
for LSTM networks continues to be a difficult task. These networks need to be meticulously configured
by researchers and practitioners in order to get the best possible performance.
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Fig 6: LSTM Network

VIIl. CONCLUSION

This paper includes a review of the existing research on facial recognition systems that are based on
artificial neural networks (ANNS). In this research, several architectures, methodologies, algorithms,
methods, databases for training or testing images, and performance measurements of face recognition
systems were discussed for each of the studies conducted. Every researcher has their own methodology
for detecting faces from databases or films, and many studies have sought to tackle the problems related
with the previously stated method, however these methods still have certain advantages and downsides.
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