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Abstract — The integration of Artificial Intelligence (AI) 

into facial recognition systems has revolutionized the 

extraction of facial features, leading to significant 

advancements in accuracy and efficiency. However, these 

developments are accompanied by challenges, particularly 

concerning algorithmic biases and ethical considerations. This 

paper critically analyzes AI-based human face feature 

extraction techniques, examining their methodologies, 

effectiveness, and inherent biases. A comprehensive review of 

studies on Modified Local Binary Patterns (MLBP) has been 

conducted to understand their role in facial feature extraction. 

Further, an analysis of Layered-Recurrent Neural Networks 

(L-RNN) has been undertaken to examine their contribution to 

advanced recognition systems. In addition, the issue of 

algorithmic bias in facial recognition has been explored to 

present a holistic view of the current landscape and future 

research directions in this domain. 
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I. INTRODUCTION 

Facial recognition technology has become increasingly 

prevalent in various applications, from security systems to 

personal devices. Central to the effectiveness of these 

systems is the process of face feature extraction, which 

involves identifying and quantifying distinctive facial 

attributes to facilitate accurate recognition. With the 

introduction of advanced algorithms that can recognize 

intricate patterns in facial data, AI has greatly improved this 

procedure. However, alongside these advancements, critical 

challenges have emerged, particularly concerning the 

robustness of feature extraction methods under varying 

conditions and the ethical implications arising from 

potential biases in AI algorithms [1-4]. 

Traditional feature extraction techniques, like geometric 

and appearance-based methods, have laid groundwork for 

facial recognition systems. While appearance-based 

techniques examine the general texture and pixel intensity 

of facial photographs, geometric approaches concentrate on 

the spatial relationships between facial landmarks.  

Ability to extract more abstract and discriminative 

features has been made possible by incorporation of AI, 

especiallyDL models like Convolutional Neural Networks 

(CNNs), which has enhanced recognition features. For 

instance, a study combining geometric moments, Zernike 

moments, Krawtchouk moments, and Principal Component 

Analysis (PCA) demonstrated enhanced feature extraction 

capabilities, highlighting the potential of AI in refining 

traditional methods [5]. 

Despite these technological advancements, AI-based 

facial recognition systems have encountered significant 

challenges. Accuracy of feature extraction can be negatively 

impacted by changes in lighting, posture, facial expressions, 

occlusions, and aging, which calls for development of more 

reliable algorithms. Moreover, ethical concerns have arisen 

due to biases in AI algorithms, particularly regarding race 

and gender. Based on studies, people having dark skin tones 

often experience more error rates from facial recognition 

software, which could result in discrimination and raise 

concerns about the technology's fairness and inclusivity. 

This paper aims to critically analyze the current state of 

face feature extraction using AI, evaluating efficacy of 

various methodologies and addressing ethical considerations 

related with their deployment. Through a technical and 

societal analysis, we want to offer a thorough grasp of 

developments, constraints, and potential paths in AI-

powered facial recognition systems. 

II. AI-BASED FACE FEATURE EXTRACTION TECHNIQUES 

Modified Local Binary Patterns (MLBP) and Layered-

Recurrent Neural Networks (L-RNN) 

In realm of facial recognition, integration of MLBP with 

L-RNN represents a significant advancement in feature 

extraction and classification methodologies. This hybrid 

approach leverages the strengths of both techniques to 

improve recognition accuracy and computational 

efficiency[1-2]. 
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a. Modified Local Binary Patterns (MLBP) 

Local Binary Patterns (LBP) are a texture descriptor that 

labels pixels of an image by thresholdingneighbourhood of 

each pixel and considering outcome as binary number. This 

technique is useful for extracting facial features since it 

efficiently captures local texture information. However, 

traditional LBP can result in high-dimensional feature 

vectors, leading to increased computational load. 

The Modified Local Binary Patterns (MLBP) technique 

addresses this limitation by refining the standard LBP 

approach to reduce the dimensionality of extracted features. 

This reduction is achieved through modifications that 

preserve essential facial information while discarding 

redundant data, thereby enhancing computational efficiency 

without compromising recognition performance. For 

instance, a study proposed a hybrid method combining 

MLBP for feature extraction with L-RNN for classification, 

achieving a classification rate of 98% on MUCT database[2]. 

b. Layered-Recurrent Neural Networks (L-RNN) 

L-RNN are a class of artificial neural networks(ANN) that 

incorporate feedback connections, allowing them to maintain 

a form of state or memory over time. This capability makes 

them particularly suited for sequential data and temporal 

pattern recognition tasks. 

In the context of facial recognition, L-RNNs are employed 

to classify features extracted by the MLBP algorithm. The 

recurrent connections enable network to capture temporal 

dependencies and complex patterns within the facial 

features, leading to improved classification accuracy. 

Training the L-RNN with algorithms such as quasi-Newton 

backpropagation further enhances its performance by 

optimizing the learning process[2-3]. 

c. Hybrid Approach and Performance Evaluation 

The combination of MLBP for feature extraction and L-

RNN for classification constitutes a hybrid approach that 

capitalizes on the strengths of both methods. The MLBP 

effectively reduces the feature vector size, mitigating the 

computational burden associated with high-dimensional data. 

Subsequently, the L-RNN processes these compact feature 

vectors, leveraging its recurrent structure to accurately 

classify facial images. 

This hybrid methodology was evaluated using the MUCT 

database, which comprises a diverse set of facial images with 

variations in lighting, pose, and expression. The 

experimental results demonstrated a classification rate of 

98%, indicating robustness and effectiveness of proposed 

approach.  

This performance surpasses several conventional methods, 

highlighting the potential of integrating MLBP and L-RNN 

in facial recognition systems. 

In summary, the hybrid approach of combining Modified 

Local Binary Patterns with Layered-Recurrent Neural 

Networks offers a promising solution for efficient and 

accurate face feature extraction and classification. By 

addressing dimensionality challenges of traditional LBP and 

harnessing temporal modeling capabilities of L-RNNs, this 

methodology achieves high recognition rates, making it a 

valuable contribution to field of facial recognition 

technology. 

 

Fig.1: Face Recognition [2] 

Deep Learning Approaches 

DL, specifically through CNNs, has transformed facial 

recognition by enabling models to autonomously learn 

hierarchical representations from raw data, leading to 

significant improvements in feature extraction and 

recognition accuracy. 
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Convolutional Neural Networks (CNNs) in Facial 

Recognition 

CNNs [6] are a class of DL models created to handle data 

having a grid-like topology, such as images. They are 

composed of many layers that automatically and adaptively 

learn spatial hierarchies of features, ranging from basic edges 

in early levels to complex textures and shapes in deeper 

layers.CNNs are particularly well-suited for tasks involving 

facial recognition because of their hierarchical learning, 

which enables them to efficiently capture complex patterns 

present in facial features. 

As part of the feature extraction process, CNNs' 

convolutional layers apply filters to input image, producing 

feature maps that draw attention to various aspects of image's 

content. After that, pooling layers minimize computational 

complexity while preserving important information by 

reducing the dimensionality of these feature maps. 

Convolutional and pooling processes work together to give 

CNNs the ability to acquire reliable and consistent features 

that are essential for differentiating faces. 

Advancements in CNN-Based Facial Recognition 

Recent studies have proposed enhancements to traditional 

CNN architectures to further improve facial recognition 

performance. For instance, integrating CNNs with 

Bidirectional Long Short-Term Memory (BiLSTM) 

networks and attention mechanisms has been explored to 

address challenges such as occlusion and expression 

variations. This hybrid approach aims to capture both spatial 

features through CNNs and temporal dependencies via 

BiLSTM, with attention mechanisms emphasizing the most 

informative features, leading to improved recognition 

accuracy. 

Another advancement involves combining CNN-derived 

features with traditional texture descriptors like Local 

Binary Patterns (LBP). This fusion leverages the strengths 

of both methods, where CNNs provide deep feature 

representations and LBP captures fine-grained texture 

details, resulting in more discriminative features for facial 

recognition. 

III. ALGORITHMIC BIASES IN FACIAL RECOGNITION 

AI-based facial recognition software still has significant 

biases, especially when it comes to gender and ethnicity, 

despite advances in technology. These prejudices have 

potential to cause differences in recognition accuracy 

between various demographic groups, which raises moral 

and societal issues. 

 

Evidence of Bias in Facial Recognition Systems 

Facial recognition algorithms have been shown in 

numerous studies to perform better on some demographic 

groups than others, especially light-skinned males. A 2018 

research, for example, discovered that commercial facial-

analysis software had an error rate of 0.8 percent for men 

with light complexion and 34.7 percent for those with dark 

skin [7]. 

Likewise, studies have demonstrated that facial 

recognition software frequently has greater false positive 

rates for Asians, African Americans, and American Indians 

than for white people. Females also tend to have higher false 

positive rates than men, and both children and the elderly 

experience higher error rates compared to middle-aged 

adults. 

Implications and Causes of Bias 

Existence of bias in facial recognition systems has serious 

implications, including the potential for misidentification, 

wrongful accusations, and the perpetuation of systemic 

discrimination. These biases often stem from unbalanced 

training datasets that underrepresent certain demographic 

groups, leading to models that do not generalize well across 

diverse populations. Additionally, societal biases can be 

inadvertently embedded into AI systems during 

development, further exacerbating these issues. 

Addressing Algorithmic Bias 

To mitigate biases in facial recognition systems, several 

strategies can be employed: 

• Diverse and Representative Training Data: By 

ensuring that training datasets cover a broad spectrum 

of demographic groups, bias can be reduced and 

models can learn more generalized characteristics. 

• Bias Detection and Evaluation: To comprehend their 

effects and direct mitigation efforts, it is essential to 

have strict testing procedures in place to find and 

measure biases in facial recognition systems. 

• Algorithmic Fairness Techniques: Incorporating 

fairness constraints and bias correction methods during 

model training can help create more equitable AI 

systems. 

By acknowledging and addressing these biases, the 

development of facial recognition technology can progress 

toward more fair and accurate systems, ensuring that 

advancements in AI benefit all segments of society 

equitably. 
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IV. ETHICAL CONSIDERATIONS 

Integration of AI-based facial recognition systems into 

various aspects of society has sparked significant ethical 

debates. While these technologies offer benefits such as 

enhanced security and streamlined processes, they also 

present challenges that necessitate careful consideration[8]. 

Privacy Concerns and Surveillance 

A primary ethical issue is the potential infringement on 

individual privacy. Unauthorized surveillance results from 

the identification and tracking of people using facial 

recognition technologies. This capability raises concerns 

about erosion of anonymity in public spaces and possibility 

of creating a surveillance state where citizens are constantly 

monitored. Such pervasive surveillance can deter free 

expression and association, impacting fundamental human 

rights [9]. 

Algorithmic Bias and Discrimination 

As previously discussed, biases in facial recognition 

algorithms can result in disproportionate misidentification 

rates among different demographic groups. These 

inaccuracies can lead to wrongful accusations, reinforcing 

existing societal inequalities and perpetuating discrimination. 

For example, higher false positive rates for certain racial 

groups can result in unjust scrutiny or legal actions against 

innocent individuals [10]. 

Lack of Transparency and Consent 

The deployment of facial recognition systems frequently 

occurs without public knowledge or explicit consent, raising 

ethical questions about transparency. Individuals may be 

unaware that their facial data is being gathered and then 

analyzed, undermining autonomy and informed consent. The 

public's confidence in organizations using these technologies 

may be damaged by this lack of transparency. 

Data Security and Misuse 

The storage of facial recognition data introduces risks 

related to data breaches and unauthorized access. Unlike 

passwords or credit card numbers, facial features are 

immutable; once compromised, individuals cannot change 

their biometric identifiers. This permanence heightens the 

potential for identity theft, stalking, and harassment [11]. 

Regulatory and Ethical Frameworks 

Addressing these ethical concerns requires comprehensive 

regulatory frameworks [8-9] that balance technological 

advancement with protection of individual rights. Several 

initiatives and guidelines have been proposed: 

• International Standards: Standards for biometric 

identification are being developed by organizations 

such as International Organization for Standardization 

(ISO) in order to guarantee ethical use. 

• Legislative Actions: To regulate AI applications, 

including facial recognition, regions like the European 

Union are creating regulations like the AI Act, which 

prioritize rule of law and the protection of fundamental 

rights. 

• Ethical Guidelines: Institutions like the IEEE have 

published considerations for ethical use of facial 

recognition in public safety, highlighting importance of 

consent, accountability, and transparency.  

In conclusion, while AI-based facial recognition 

technologies offer significant advantages, they also pose 

substantial ethical challenges. Policymakers, technologists, 

and civil society must work together to address these 

problems and create frameworks that guarantee the ethical 

and responsible use of these technologies. 

V. CONCLUSION 

AI has significantly advanced facial recognition systems 

through sophisticated feature extraction techniques, 

enhancing their accuracy and efficiency. However, the 

presence of algorithmic biases within these systems 

necessitates a critical evaluation to ensure equitable and 

ethical deployment. 

Advancements in Feature Extraction 

AI-driven methods, particularly deep learning approaches 

like CNNs, have revolutionized feature extraction in facial 

recognition. These models autonomously learn hierarchical 

representations from data, capturing intricate facial features 

that improve recognition performance. For example, 

integrating CNNs withBiLSTM networks and attention 

mechanisms has addressed challenges such as occlusion and 

expression variations, leading to enhanced accuracy. 

Addressing Algorithmic Bias 

Despite technological progress, AI-based facial 

recognition systems exhibit biases, especially concerning 

race and gender. Due to these biases, some demographic 

groups may have higher rates of misidentification, which 

could result in false accusations and exacerbate social 

injustices. To mitigate such biases, several strategies have 

been proposed: 

 



 
International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347-6435 (Online) Volume 15, Issue 04, April 2026) 

437 

• Diverse and Representative Training Data: Ensuring 

that AI models are trained on datasets encompassing a 

wide range of demographic groups can enhance their 

generalization and reduce bias. 

• Algorithmic Fairness Techniques: Implementing 

fairness constraints and bias correction methods during 

model training can promote more equitable AI systems.  

• Regular Audits and Monitoring: Sustained accuracy 

and fairness can be ensured by identifying and 

correcting biases through continuous evaluations of AI 

systems. 

Establishing Ethical Standards 

To safeguard individual rights and avoid abuse, ethical 

application of facial recognition technology necessitates 

extensive rules and legal frameworks. Important factors 

include: 

• Privacy and Consent: It is crucial to respect people's 

privacy by getting their informed consent before 

collecting and using their data.citeturn0search7 

• Transparency and Accountability: Organizations 

deploying facial recognition should be transparent 

about their practices and accountable for their systems' 

outcomes. citeturn0search1 

• Legal Frameworks: Potential misuse can be avoided 

and civil liberties can be safeguarded by developing 

and enforcing regulations that control moral application 

of facial recognition technology. 

VI. FUTURE DIRECTIONS 

To ensure that advantages of AI in facial recognition are 

shared fairly, future studies should concentrate on: 

• Developing Unbiased Algorithms: Creating models that 

inherently minimize bias through innovative design and 

training methodologies. 

• Collaborative Efforts: Involving stakeholders with a 

range of experiences, such as technologists, ethicists, and 

impacted communities, to guide creation and application 

of these technologies. 

• Continuous Evaluation: Installing strong procedures for 

the continuous evaluation of AI systems to quickly detect 

and resolve any new biases or ethical concerns. 

 

 

 

By addressing these challenges, the development of facial 

recognition technology can progress toward more fair and 

accurate systems, ensuring that advancements in AI benefit 

all segments of society equitably. 

Acknowledgment:  

The authors are thankful to the Department of Computer 

Science, SSESA’s Science College, Congress Nagar, Nagpur 

for providing Research Laboratory. 

REFERENCES 

[1] Di Huang, Caifeng Shan, Mohsen Ardabilian, Yunhong Wang, 

Liming Chen, "Local Binary Patterns and Its Application to Facial 
Image Analysis: A Survey", IEEE Transactions on Systems, Man, and 

Cybernetics, Part C: Applications and Reviews, Volume 41, Issue 6, 
Pages 765 - 781. 

[2] Aws Al-Qaisi, Mokhled S. AlTarawneh, AbdElRahmanElSaid& Ziad 

Alqadi, “A Hybrid Method of Face Feature Extraction, Classification 
Based on MLBP and Layered-Recurrent Network,” © 2020 IIETA, 
Vol. 37, No. 4, August, 2020, pp. 555-561. 

[3] PavelKrál, LadislavLenc, AntonínVrba, "Enhanced Local Binary 
Patterns for Automatic Face Recognition", 14-Jun-2018. 

[4] Surbhi Mittal a, Puspita Majumdar a b, Mayank Vatsa a, Richa Singh 

"Chapter 7 - On bias and fairness in deep learning-based facial 
analysis", Handbook of Statistics, Volume 48, 2023, Pages 169-221. 

[5] J SHEEBA RANI1, and D DEVARAJ, "Face recognition using 
Krawtchouk moment", S¯adhan¯a Vol. 37, Part 4, August 2012, pp. 
441–460. c© Indian Academy of Sciences 

[6] Mohammed KamelBenkaddour,&AbdennacerBounoua, "Feature 

extraction and classification using deep convolutional neural 

networks, PCA and SVC for face recognition", TS.34.77-91 © 2017 
Lavoisier. 

[7] Leslie, D. (2020). Understanding bias in facial recognition 

technologies: an explainer. The Alan Turing Institute. 
https://doi.org/10.5281/zenodo.4050457 

[8] Denise Almeida, Konstantin Shmarko, Elizabeth Lomas, "The ethics 
of facial recognition technologies, surveillance, and accountability in 

an age of artificial intelligence: a comparative analysis of US, EU, 

and UK regulatory frameworks", 2021 Jul 29;2(3):377–387. doi: 

10.1007/s43681-021-00077-w. 

[9] Xukang Wang, Ying Cheng Wu, Mengjie Zhou and Hongpeng Fu, 
"Beyond surveillance: privacy, ethics, and regulations in face 

recognition technology", 03 July 2024, Volume 7 - 2024 | 

https://doi.org/10.3389/fdata.2024.1337465 DOI 10.3389/fdata. 2024. 
1337465 

[10] Inioluwa Deborah Raji, Timnit Gebru, Margaret Mitchell, Joy 

Buolamwini, Joonseok Lee, Emily Denton, "Saving Face: 
Investigating the Ethical Concerns of Facial Recognition Auditing",  
https://doi.org/10.48550/arXiv.2001.00964 

[11] Carsten Maple, Dr Gregory Epiphaniou&Dr Roberto Leyva, "Attacks 

Against Face Recognition Systems: A State Of The Art Review", 
January 2023. 

https://doi.org/10.5281/zenodo.4050457
https://doi.org/10.3389/fdata.2024.1337465

