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Abstract 

FRT is acknowledged as one of the successful advancements of biometric applications in security, 

surveillance, health care and innovative solutions. More so, the past decade has seen improvements in deep 

learning, pre-trained Neural Network Convolutional Neural Networks (CNNs), and combining methods such 

as ensembles, which have highly improved the FRT's Accuracy and efficiency. Nonetheless, several issues 

remain – facial expression, illumination, demographic biases or adversarial and backdoor threats. Such 

limitations require new approaches and tools to enhance FRT's reliability and ethical use. The current review 

also presents ethical concerns and the social consequences of using FRT. 
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1. Introduction 

Facial recognition technology (FRT) is widely taken as a revolutionary element in contemporary biometric 

applications, thus helping progress in numerous areas like security, monitoring, healthcare and smart city 

solutions. In the last decade, the incorporation of deep learning technologies, pre-trained Neural Networks 

(CNN) and an ensemble have contributed to increased Accuracy and efficiency. However, the field has the 

following ongoing issues: facial expression bias, illumination bias, demographic shift bias, and sensitivity to 

adversarial and backdoor attacks. These limitations signify the need to search for novel measures and 

mechanisms. The present study also highlights ethical considerations and consequences of FRT's use. 

1. State-of-the-Art Algorithms and Techniques 

FRT has received massive development using better algorithms and methodology in the recent past. Transfer 

learning is now the norm rather than the exception in contemporary FRT systems, allowing for pre-

established models, for instance, DenseNet201, ResNet152V, and MobileNetV2, to minimize feature 

extraction and learning time on large databases. These models derive more stable and accurate algorithms 

for facial features that enhance the performance of recognition tasks in often changing illumination and 

occlusion. Predicting the features by applying multiple algorithms enhanced the performance of ensemble 
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models, such as weighted average and hybrid models. Facets like online learning allow systems to smoothly 

introduce fresh personnel and enhance existing templates while delivering flexibility in lively settings. These 

new developments, together with careful hyperparameter adjustment and data conditioning techniques, have 

proven to establish new standards for the effectiveness of FRT systems in terms of Accuracy and speed in 

responding to various real-life situations to ensure their effectiveness [1]. 

2. Bias and Security Vulnerabilities 

Today, FRT suffers from key problems within the context of bias and security risks, rendering this technology 

untrustworthy. Expression bias, the differential recognition influence due to differences in the expression of 

the face, is a prevalent limitation in many of the standard datasets and algorithms. This is because 

demographic prejudices like age and race, gender or ethnicity gap in performance also intensify these 

problems, thus bringing out the question of equality in the table. In security, adversarial attacks, such as 

adversarial patches and digital manipulations, take advantage of the algorithm's vulnerability to mislead 

systems. More serious backdoor attacks like Facial Identity Backdoor Attacks (FIBA) involve poisoning 

samples of the victim during enrollment so that the attackers can masquerade past the systems using universal 

triggers. Such weaknesses call for strong countermeasures, including different datasets, amenable and 

equitable algorithmizing, and profound defense measures to enhance the FRT safeguard against misuse while 

protecting the rightful use [2]. 

3. Areas of Application and Its Effectiveness 

The application of FRT has grown significantly across core infrastructure and essential applications by 

enhancing security, comfort and government procedures. In surveillance, FRT improves security for the 

general population by helping to recognize people in public areas and assisting the police in their 

investigation process. In particular, user authentication provides easy access to devices, workplaces, and 

financial transactions that replace traditional authentication methods due to the appearance of more efficient 

and secure biometrics. In public administration in smart cities, border control, and electronic voting, FRT is 

applied for identity management while solving organizational issues. Yet its attempt to integrate into these 

domains carries with it issues of privacy invasion, ethical violation, and the possibility of abuse. FRT has 

many advantages in the real world. However, its implementation must harmonize technology with people's 

rights and become an excellent benefit for people rather than harm them [3]. 

4. Audit Committee and Ethical and Governance Challenges 

Facial recognition technology comprises one of the most significant ethical and governance risks as it is part 

and parcel of the recent societal shift that meshes with privacy and civil liberties. They capture and store 

pertinent biometric data, typically considered highly private. Therefore, the worries of overbearing 

surveillance and misuse come into place. Delays in adopting new technologies often earmark the current 

laws; it hampers the determination of aspects like security, consent and accountability. Also, using FRT in 

workplaces and other governmental and non-governmental organizations has raised several controversies 

regarding misuse and discrimination. To avoid such risks, there is a need for principled governance while 

using FRTs by considering transparency, fairness, and accountability. Through frameworks that set down 

legal standards and ethical norms as to the use of FRT, society will be able to fully realize the potential of 

FRT while maintaining social respect for civil liberties that bar this new technology [4]. 

5. Future Directions and Open Problems 

The advancement of facial recognition technology (FRT) hinges on addressing unresolved challenges and 

pursuing innovative research directions. Enhancing datasets to include greater diversity in demographic 

representation, lighting conditions, and facial expressions can reduce biases and improve algorithmic 

fairness. Developing models with heightened robustness against adversarial attacks and backdoor 

vulnerabilities remains a critical priority to bolster security and trustworthiness. Research into interpretable 

and explainable FRT algorithms can promote transparency, fostering greater acceptance and accountability. 

Additionally, integrating privacy-preserving techniques, such as federated learning, can mitigate concerns 

regarding data security and unauthorized usage. These open problems present opportunities to refine FRT 

systems, ensuring their fairness, reliability, and ethical application in diverse real-world contexts. 
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In this way, the review provides the basis for analyzing the state of FRT advancement, its constraints and 

possible future development. In so doing differentials, researchers and practitioners can effectively develop 

sound, fair, and socially appropriate facial recognition technology. 

 

Literature Review 

FRT has become an important aspect of security and other biometric applications in various industries 

affecting surveillance, authentication and smart city technologies. This literature review focuses on the 

progression of FRT and ways to address difficulties such as illumination, pose variation and expression bias 

learned through incorporating FRT with deep learning, ensemble models and transfer learning. There are a 

range of evaluated methods under review: pre-trained CNNs, novel recognition approaches, and resistance 

to adversarial and backdoor assaults. The rising ethical and privacy issues constitute a significant aspect of 

this venture to capture the social aspect of FRT. The applicability of state-of-the-art FRT for different use 

cases, current challenges, and prospects are discussed in this section, and a foundation for creating safe and 

ethical FRT systems is established. 

As outlined in [5], Artificial Intelligence (AI) has become a pivotal driver of innovation in the video 

surveillance industry, with advancements in machine learning, deep learning, neural networks, natural 

language processing, and expert systems transforming traditional practices. The study focuses on the latest 

AI applications in camera surveillance, emphasizing how these technologies enhance the quality of security 

systems by addressing trends, overcoming challenges, and offering significant advantages through intelligent 

analytics and innovative system integration. 

In the research presented in [6], a face recognition smart lock system is developed using the Yolo deep 

learning algorithm on a Jetson Nano board, addressing the need for improved speed and Accuracy in smart 

home security technologies. The proposed system collects multiple images of a new user within a short time, 

automatically transfers data to a server for training using an auto-labeling process, and employs methods 

such as running Yolo in the background, adjusting brightness with a built-in camera light, and maintaining 

an optimal distance range for face recognition. Users can operate the lock through face recognition or a 

developed Android application by verifying login credentials over the internet. Trained on thousands of 

images per user and tested under various conditions, the system achieved 99% accuracy and a recognition 

speed of 0.6 seconds under favorable lighting and distance conditions. 

In the article denoted as [7], the rapid development of face recognition technology is highlighted alongside 

its promising future applications across various industries. The study provides an in-depth exploration of face 

recognition systems, detailing their core components, operational principles, and examples of algorithms 

while analyzing their respective strengths and limitations. Additionally, it addresses existing challenges in 

the technology and concludes with a forward-looking summary, emphasizing the need for further research to 

advance the field. 

In the analysis conducted in [8], the effectiveness of deep learning models in advancing biometric recognition 

systems is comprehensively surveyed, covering over 150 significant studies. This research explores various 

biometric modalities, including face, fingerprint, iris, palmprint, ear, voice, signature, and gait recognition, 

highlighting the strengths and applications of deep learning in these areas. The study introduces widely used 

datasets and their characteristics, evaluates the performance of deep learning approaches on public 

benchmarks, and identifies key challenges and future research directions in biometric recognition systems. 

As discussed in [9], face recognition (FR) technology has become integral across the security, healthcare, 

banking, and criminal identification sectors. This study comprehensively reviews state-of-the-art FR 

techniques, categorizing them into appearance-based and hybrid approaches. It examines challenges related 

to illumination, poses variation, facial expressions, occlusions, and aging, which significantly influence FR 

system performance. Additionally, the research offers a detailed classification of image- and video-based FR 

methods, emphasizing advancements in core processing steps and dataset handling. By analyzing existing 

solutions and identifying open problems, this survey is a valuable resource for further innovation in FR 

technology. 
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The research presented in [10] highlights human face recognition as a rapidly advancing field, gaining 

significant attention from computer vision, machine learning, and artificial intelligence domains due to its 

progress and broad applications. This study reviews recent face recognition techniques, focusing on their 

performance across various datasets while addressing challenges such as illumination variability, pose 

differences, aging, cosmetics, occlusion, and background complexities. Emerging methods, including deep 

learning, sparse models, and fuzzy set theory, are analyzed alongside classical approaches. The study also 

explores major applications, current trends, and future directions, emphasizing the role of face recognition 

technologies in shaping the digital society. 

In the article denoted as [11], the application of deep learning techniques to face recognition (FR) is explored 

through the deployment of five pre-trained Convolutional Neural Network (CNN) models: We have 

DenseNet201, ResNet152V2, MobileNetV2, SeResNeXt and Xception. Hence, the study proposes a new 

methodology of using a weighted average by grid search to improve the feature extraction and classification 

models. Data preprocessing, resizing, data augmentation, data normalization, and splitting are especially 

stressed as the crisis bars to enhance the reliability of the FR system. Consequently, systematic 

hyperparameter optimization is used in the context of network depth, learning rate, activation function, and 

optimization algorithms. The results from different datasets revealed that the proposed method outperforms 

the approaches in Recall, Precision, F1 score, Matthews correlation coefficient, and Accuracy for the 

comprehensive evaluation. With the experimental results of LFW dataset model consisting of the proposed 

model, generative model, model based on SVM classifier, least square regression model, CP beim, and PCA 

beim, the Accuracy of the proposed model emerges as 99.48%, which reflects that it is to a large extent 

effective for actual application in FR and superior to the previously proposed state of the arts sd. 

The general performance of face recognition algorithms is thoroughly discussed in the publication, marked 

as [12]. In contrast, the more profound issues concerning face recognition algorithms' ability to cope with 

challenges emerging in real-life circumstances, which significantly distort the images on which these 

algorithms work, are assessed to be relatively weak despite high degrees of recognition. Some of the attack 

categories used in the study include physical presentation attacks, disguise/makeup attacks, digital adversarial 

attacks and morphing/tampering through GANs. Moreover, it deepens the examination of the influence of 

prejudice; it is disclosed that differences in age and gender directly correlate to the efficiency of algorithms. 

The above challenges are explained, and further research guidelines for strengthening and stabilizing face 

recognition models in real-world conditions are discussed. 

As described in the paper [13], the major use of Face Recognition Systems (FRS) in security-sensitive 

operations such as surveillance and user verification makes it a helpful feature in current security systems. 

However, the authors show that this approach is vulnerable, especially to adversarial and backdoor attacks. 

Adversarial patch attacks and training data poisoning are disapproved due to their high consumption of time 

and energy and the need to manipulate privileged information, implying low stealth, universality level, and 

impracticality. Closing the above knowledge gaps, this research proposes a facial identity backdoor attack 

(FIBA) at the enrollment step. What is even worse, FIBA enables an attacker with a specific trigger to 

override FIBA universally by injecting a single poisoned example into the feature database. This method 

redraws the threat landscape to show a large-spread and low-profile means of challenging the dependability 

and integrity of FRS. 

As discussed in section [14], this paper is concerned with face detection with voice and biometrics, where 

the distribution of age and gender have been highlighted. The method uses an input camera to take several 

shots of a person. Preprocessing involves using the Cascade Classification technique to develop human 

templates and recognize the face shapes successfully with the Doppel filter's guidance, saving them in a 

database with different Identifying Numbers. The verification process involves finding a correlation of 

templates stored in the database to enable automated attendance marking, especially in learning institutions. 

These results show the effectiveness of this technology in increasing security and efficiency by marking the 

attendance of employees to increase their attendance or students' presence. Evaluation is also made of the 

system's deployment in banks, thus facilitating access only to authorized individuals. New directions are 

identified as distancing methods for age and gender estimations from images and for suggesting better 

security measures based on new models. 
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As is discussed in detail in section [15], Smart city application-based fog and cloud computing systems 

incorporating transfer learning for facial recognition (FR) systems were defined and analyzed in the study as 

[Google Scholar]. DCNN is used for feature extraction to handle occlusion, expression, illumination, and 

pose variation. The system aims at efficient and adaptive face recognition through online learning that allows 

the integration of new faces and better predictions. This recognition process includes Decision Tree (DT), K-

Nearest Neighbor (KNN) and Support Vector Machine (SVM) algorithm. When tested with 113 SDUMLA–

HMT and CASIA datasets, the system performs better in all evaluated parameters with an accuracy of 

99.06%, a precision of 99.12%, a recall of 99.07% and a specificity of 99.10% than other comparable 

algorithms. 

The paper intended in [16] explores FRT regulation with an emphasis on the opportunity space for interest 

in public security and the concerns for privacy, civil liberties and ethics. The paper demonstrates tensions 

between state and corporate power and individual sovereignty over legal commonalities, critically assessing 

the existing international legal system and recognizing that legislation lacks coercive potential in human 

rights standards regulation. Instead, it seeks to articulate rational guidance on governance structures for FRT 

implementation by enhancing principles based on rights and ethics. The mentioned recommendations 

enhance the potential of FRT to help reinvent, as well as the risk it may bring about through the call for robust 

and changeable regulations. 

As described in [17], this paper seeks to establish that facial expression bias is a significant security threat in 

face recognition scenarios. Nonetheless, the findings suggest that the methods explored herein remain 

sensitive to covariates, especially facial emotions. He further discusses biases present in popular face 

recognition databases and performs an analysis to understand the effect of these biases on the performance 

of face recognition systems. The experimental setting includes two face detectors, three recognition models, 

and three databases, which results in significant expression-related biases and their impact on algorithm 

performance. The research presented in the paper showed that all these aspects should be addressed through 

research conducted to improve the stability of face recognition systems and minimize these vulnerabilities. 

In the work described in [18], facial expression bias is an important security threat to face identification 

systems. Some of the databases used in face recognition are assessed based on the severity of biases about 

expression, and algorithms study the effect. This study introduces an experimental setup between two face 

detectors, three recognition models, and three databases, clearing existing biases in current datasets and their 

impact on the performance of advanced methods. Such results should alert developers of methods to counter 

such biases with a call to future work that will enhance the reliability and Accuracy of face recognition 

systems. 

The threats that adversarial and backdoor attacks pose to the effectiveness of FRS and the issues that make 

these attacks possible are explored using the publication specified as [19]. They propose a new attack called 

the Facial Identity Backdoor Attack (FIBA), which works at the enrollment stage rather than dealing with 

training data as most existing adversarial attacks do. An enrollment-stage backdoor attack is accomplished 

by a single poisoned example that forms a universal trigger, making it easier to circumvent FRS on a large 

scale. Focusing on the feature database instead of the training data, FIBA greatly extends the threat space 

and questions the viability, effectiveness and stealth of conventional attacks regarding scalability. The studies 

underscore that extensive countermeasures for such new risks are needed for FRS to mitigate the threats. 

Below is a tabular form that captures all the papers reviewed in this literature review, aspects of focus, the 

contribution, and the evaluation criterion in Table 1. The studies considered cover a broad variety of topics, 

starting from recent improvements in AI-based surveillance cameras and smart locks and ending with face 

recognition systems problems, including expression bias, adversarial attacks, and backdoor attacks. Much 

thrust has been applied to analyzing contemporary algorithms, such as transfer learning, ensemble models, 

and computational intelligence, to enhance the Accuracy and efficiency of algorithms. There are also ethical 

and governance issues discussed, emphasizing what should be done to reduce risks and increase fairness in 

FRT use. The findings of these studies can serve as a solid groundwork for developing additional 

investigations about FRT systems that are secure, reliable, and ethical. 
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Table 1: Summary of Literature Review 

Reference Focus Area Key Contributions Evaluation Metrics 

[5] 
AI in video surveillance 

systems 

Examines advancements in 

AI-driven surveillance 

systems, highlighting 

improvements in security 

and efficiency. Explores 

innovative systems, 

analytical software, and the 

integration of technologies 

like deep learning and 

neural networks. 

Emphasizes trends, 

challenges, and the 

impact on security 

system quality. 

[6] 
Smart lock system with 

face recognition 

Develop a face recognition 

smart lock using Yolo on a 

Jetson Nano board. 

Features include auto-

labeling, brightness 

adjustments, and Android 

app integration for 

authentication. 

Demonstrates improved 

speed and Accuracy in 

smart home security. 

Achieved 99% 

accuracy with a 

recognition speed of 

0.6 seconds under 

favorable conditions. 

[7] 
Applications of face 

recognition technology 

Provides an in-depth 

review of face recognition 

systems, detailing 

components, principles, 

algorithms, and 

applications. Highlights 

challenges such as 

occlusion and expression 

bias while discussing 

future research directions. 

There are no specific 

evaluation metrics, but 

it discusses broader 

applications and 

system efficiency. 

[8] 
Deep learning in 

biometric recognition 

Surveys 150+ works on 

biometric recognition 

(face, iris, fingerprint, etc.) 

using deep learning. 

Discusses dataset 

characteristics, algorithm 

performance, and 

challenges. 

Evaluate using 

benchmark datasets 

and identify open 

challenges in 

biometric recognition. 

[9] 
Advances in face 

recognition techniques 

Reviews state-of-the-art 

FR methods, categorizing 

them into appearance-

based and hybrid 

approaches. Highlights 

challenges like pose, 

illumination, occlusion, 

and expression biases. 

Provides a detailed 

classification of 

image- and video-

based FR methods. 

[10] 
Modern face 

recognition approaches 

Reviews classical and 

modern FR techniques, 

focusing on performance 

across datasets. Explores 

deep learning, sparse 

Analyzes challenges 

like age, gender, and 

background 

complexity in FR 

systems. 
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models, and fuzzy set 

theory. Discusses broader 

applications and societal 

impact. 

[11] 

Deep learning and 

ensemble models for 

FR 

Introduces a weighted 

average ensemble model 

using DenseNet201, 

ResNet152V2, 

MobileNetV2, and others. 

Employs hyperparameter 

tuning and robust 

preprocessing for improved 

Accuracy and efficiency. 

Achieved 99.48% 

accuracy on the LFW 

dataset, outperforming 

other state-of-the-art 

methods. 

[12] 
Robustness of FR 

systems 

Examines vulnerabilities 

like physical, digital, and 

adversarial attacks. 

Highlights biases in 

demographic factors and 

proposes future research 

directions to enhance FR 

model stability. 

Discusses real-world 

robustness metrics 

without specific 

quantitative results. 

[13] 
Backdoor 

vulnerabilities in FRS 

Proposes a novel attack 

(FIBA) at the enrollment 

stage, allowing attackers to 

bypass FRS with poisoned 

examples. Demonstrates 

the practical and stealthy 

nature of this threat. 

Evaluates threat 

scalability, stealth, and 

universal trigger 

capabilities. 

[14] 
Face detection with 

voice and biometrics 

Develops a system for 

automated attendance 

using face detection and 

Cascade Classification. 

Explores its application in 

education, workplaces, and 

banking to enhance 

security and efficiency. 

Highlights 

effectiveness in 

marking attendance 

and improving 

punctuality but lacks 

quantitative 

evaluation. 

[15] 
Fog and cloud-based 

FR systems 

Designs a FR system using 

transfer learning and 

computational intelligence. 

Handles challenges like 

occlusion, pose variation, 

and illumination. 

Compares Decision Tree, 

KNN, and SVM algorithms 

across datasets. 

Achieved Accuracy of 

99.06%, precision of 

99.12%, recall of 

99.07%, and 

specificity of 99.10% 

on SDUMLA-HMT, 

113, and CASIA 

datasets. 

[16] 
Ethical and governance 

challenges in FRT 

Explores privacy, ethics, 

and regulatory challenges. 

Critically examines 

international legal 

frameworks and proposes 

governance structures 

prioritizing human rights 

and ethical principles. 

No quantitative 

metrics; focuses on 

legal and ethical 

recommendations. 
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[17] 
Facial Expression Bias 

in FR 

Analyzes biases in popular 

FR datasets and their 

impact on recognition 

accuracy. Highlights 

vulnerabilities related to 

expression variation. 

Evaluates impact 

using experimental 

frameworks with two 

face detectors, three 

recognition models, 

and three databases. 

[18] 

Impact of facial 

expressions on FR 

algorithms 

Studies expression-related 

biases and their effect on 

algorithmic performance. 

Calls for improvements to 

enhance the reliability of 

FR systems. 

It uses experimental 

setups to show biases 

in datasets and 

proposes areas for 

future research. 

[19] 
FR's vulnerabilities and 

practical threats 

Investigates adversarial 

and backdoor threats to 

FRS, introducing a novel 

enrollment-stage attack 

(FIBA). Highlights 

scalability and stealth 

advantages over traditional 

attacks. 

Analyzes threat 

effectiveness through 

the concept of 

universal triggers and 

poisoned examples. 

 

The reviews discuss the constantly changing technology of facial recognition systems because of machine 

learning and deep learning development. Although much progress has been made regarding its Accuracy and 

robustness, ample problems exist, such as bias, security threats, and moral issues. These gaps provide the 

potential for innovation in algorithms, selection and compilation of datasets, and the formulation of suitable 

governance frameworks to manage the identified risks. Overcoming such limitations in future studies will 

promote the creation of more safe, fair, and sustainable FRT systems. The evidence sourced for this review 

presents a roadmap on how to enhance FRTs without compromising on the positive impacts of technology 

on society. 

 

Discussion 

This paper's last section discusses the literature review's central arguments based on the established FRT 

system's progress, hurdles, and repercussions. Analyzing innovation and impact, it formulates research 

priorities and principles of ethical application of FRT for creating safe, efficient and fair FRT systems. 

1. FRT technological developments 

Due to the adoption of deep learning, pre-trained CNN models, and ensemble learning, FRT has made 

significant progress. These technologies have improved the recognition process by increasing Accuracy and 

speed; otherwise, occlusions and variations in pose and illumination have posed problems. Applicable 

techniques, including transfer learning and hyperparameter tuning, have enabled the system to learn from 

various data sets with little computing power. However, real-time adaptation and scalability have not been 

fully solved, although the demands for these features are higher in applications like video surveillance and 

authentication [20], [21]. 

 

2. Addressing Bias in FRT 

Expression, demographic, and illumination biases remain the core problems that FRT requires addressing. 

Findings indicate possible and probable performance differences concerning age, gender, and ethnicity; it is 

unethical and biased. These biases arise primarily due to biases in the dataset and constraints in the applied 

algorithms. To solve these problems, we must collect more diverse datasets, create new algorithms and 
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techniques that are fair to their subjects, and include interpretability methods into our machine learning 

models [22], [23]. 

 

3. Security Threats and Protection Techniques 

FRT systems have increasing security threats, such as adversarial attacks, backdoor vulnerability, and 

enrollment stage attacks, such as FIBA. Such attacks target datasets, a feature database, or an algorithm with 

a possible consequence for system integrity. The central proposal is to decrease these vulnerabilities and 

provide stability for FRT systems by elaborating advanced defense strategies such as adversarial training, 

sanitization of the dataset, and proper management of a secure database [24], [25]. 

 

4. Macro Analysis of Ethical Considerations and Governance 

The fast growth of FRT has raised concerns about privacy, surveillance, and citizenship freedom. There are 

no or limited clear legal guidelines or ethical practices to solve the problem of misuse of personal information, 

discrimination, and choice. Pending good governance models based on openness, responsibility, and the 

defense of people's rights. Public, private, and civil sector entities working together are crucial for decisions 

about innovation not to be made solely in the interest of technologists [26], [27]. 

 

5. Future Research Directions 

However, for FRT systems to improve, future work needs to work on generating challenging datasets, 

building algorithms that can perform well under adversarial situations, and addressing real-time processing. 

There are ways to overcome data security issues, including federated learning. Therefore, examining 

explainable AI (XAI) in FRT improves trust and accountability in decision-making. These innovations will 

allow FRT systems to reach higher reliability and ethical fitness levels and create a sustainable path for safer 

incorporating FRT systems into society [28], [29]. 

 

This discussion underlines the importance of a multiple perspective on FRT development and the need for 

technical, ethical, and governance options. In this way, further development of FRT systems regarding 

existing drawbacks and potential future developments will positively impact society and reduce certain risks. 

 

6. Conclusion   

The biometric system has undergone a revolutionary change through facial recognition technology, enabling 

a new security, surveillance, and identity management era across varied sectors. The literature indicates 

significant advancement in utilizing machine learning and deep learning techniques, particularly 

convolutional neural networks (CNNs) and ensemble models, to improve Accuracy and keep efficiency rates 

within FRT. However, problems like dataset bias, vulnerabilities in security, and ethical issues remain hot 

challenges for the general adoption of FRT. The key to solving these challenges is ensuring the reliability 

and fairness of these systems in real-life applications. 

The reviewed studies reflect the continuing existence of bias, including expression bias, demographic 

disparities, and environmental variability. These biases affect the efficacy of FRT systems, posing ethical 

questions about equity and inclusivity. Security threats, such as backdoor threats and adversarial attacks like 

Facial Identity Backdoor Attack (FIBA), warrant highly reliable defense mechanisms. Addressing adversarial 

training, database enhancement, and algorithmic fairness is the way forward in managing these risks for the 

credibility of FRT systems. 
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Ethics and governance frameworks are central to the adoption of FRTs. A lack of sufficient regulations has 

led to increased concerns about privacy, surveillance, and even abuse of biometric data. Future policies must 

emphasize transparency, accountability, and protection of individual rights to ensure that technological 

advancements and societal values meet at a compromise. Finally, collaborative work is required amongst 

researchers, policymakers, and industry leaders to develop ethical standards and legal frameworks that guide 

the responsible use of FRT. 

Future research must also tackle the current open problems in the literature, including diverse datasets, 

adversarial robustness, and real-time processing. Privacy-preserving techniques, like federated learning and 

XAI development in FRTs, could also increase trust and accountability. Achieving those goals will allow 

society to move towards a more secure, fair, and ethically aligned future with FRT systems and applications 

benefiting society, while harm might be potentially low. In this holistic approach, FRTs will maximize their 

entire capabilities responsibly and sustainably. 
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