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Abstract- Face ID technology has become a
cornerstone of mobile biometric authentication,
offering convenience and enhanced user experience.
However, its increasing adoption has also
highlighted critical security vulnerabilities, such as
spoofing attacks, deepfake exploitation, and issues
with environmental adaptability. This study presents
a novel model aimed at addressing these
vulnerabilities to strengthen the reliability and
security of Face ID technology. The proposed model
integrates advanced machine learning algorithms
with  multi-factor biometric authentication to
enhance the robustness of facial recognition systems.
Key features include real-time liveness detection,
anti-spoofing measures, and adaptive recognition
capabilities that improve accuracy across diverse
environments and demographics. The model employs
a hybrid approach, combining traditional facial
recognition methods with supplementary biometric
indicators, such as eye movement patterns and
thermal imaging, to mitigate potential attack vectors.
This research employs a mixed-methods approach,
including simulated attack scenarios, user trials, and
algorithmic performance assessments. Results
demonstrate that the new model significantly reduces
the success rate of spoofing attempts and deepfake
breaches while maintaining high authentication
speed and user convenience. The study also
highlights the model's adaptability to low-light and
high-motion conditions, addressing longstanding
limitations in current Face ID systems. The findings
underscore the importance of incorporating multi-
layered security ~mechanisms in  biometric
authentication technologies to balance user
experience with robust security. Furthermore, this
model paves the way for future innovations in mobile
authentication, promoting safer and more inclusive
digital ecosystems. Policy implications include
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advocating for industry-wide adoption of enhanced
biometric standards and establishing guidelines for
integrating advanced security features into
consumer-grade devices. Future research could
explore the scalability of the model and its
application in other sectors, such as healthcare and
finance, where secure and efficient authentication is
paramount.

Indexed Terms- Face ID Technology, Mobile
Biometric Authentication, Security Vulnerabilities,
Liveness Detection, Anti-Spoofing Measures, Multi-
Factor Authentication, Deepfake Exploitation,
Environmental Adaptability, Biometric Security,
Facial Recognition.

l. INTRODUCTION

Mobile biometric authentication, particularly Face 1D
technology, has revolutionized the way users secure
their devices and access sensitive information. The
evolution of biometric systems, driven by advances in
machine learning and facial recognition algorithms,
has made Face 1D a widely adopted solution in modern
smartphones (Adeniran, et al., 2024, Bennaya &
Kilani, 2023, Eghaghe, et al., 2024). This technology
allows for seamless and convenient access, enhancing
user experience while maintaining a level of security
that was once only available through more traditional
methods, such as passwords or PINs. Over time, Face
ID has gained acceptance as a reliable means of
authentication, offering both convenience and
enhanced security for personal devices, mobile
payments, and other applications.

Despite its widespread use, Face ID technology faces
several security vulnerabilities that undermine its
reliability. Issues such as spoofing, where
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unauthorized individuals bypass facial recognition
systems using photographs or 3D models, and the
increasing threat of deepfake exploitation, where
manipulated images or videos are used to deceive the
system, have raised significant concerns. Additionally,
the adaptability of Face ID to varying environmental
conditions, such as changes in lighting, facial hair, or
aging, further complicates its effectiveness and
accuracy (Agu, et al., 2024, Ige, Kupa & llori, 2024).
These vulnerabilities pose a serious challenge to the
security of mobile devices, especially in the context of
safeguarding sensitive information and preventing
unauthorized access.

The objective of this study is to develop a new model
that addresses these security challenges and enhances
the reliability of Face ID systems. By exploring
innovative techniques and integrating advanced
technologies such as multi-modal biometrics, artificial
intelligence, and adaptive algorithms, this model aims
to bolster Face ID’s resilience against potential threats
and improve its accuracy in diverse environments. The
proposed solution seeks to offer a more robust
authentication mechanism that not only strengthens
security but also ensures a smoother and more
consistent user experience (Algahtani & Kumar, 2024,
Segun-Falade, et al., 2024).

The significance of this research lies in its potential to
strengthen trust in mobile biometric authentication
systems, paving the way for more widespread
adoption in critical applications, including mobile
banking, e-commerce, and healthcare. By enhancing
the security and reliability of Face ID technology, this
new model will contribute to greater confidence in its
use, ensuring that mobile devices remain secure while
maintaining the convenience and ease of access that
users have come to expect (Adepoju, et al., 2022).

2.1. Literature Review

Biometric authentication has become a cornerstone of
security in modern mobile devices, and Face ID
technology, in particular, has gained significant
traction as a convenient and secure method for user
verification. This facial recognition system leverages
auser’s unique facial features to grant access to mobile
devices, applications, and services, making it one of
the most widely adopted biometric authentication
methods. However, despite its widespread use, Face
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ID technology is not without its limitations, especially
concerning its vulnerability to various security threats
(Alrawili, AlQahtani & Khan, 2024, Chauhan, et al.,
2022, Efunniyi, et al., 2024, Johnson, et al., 2024).
This literature review aims to explore the capabilities
and limitations of Face ID technology, the security
vulnerabilities it faces, and the existing solutions to
mitigate these vulnerabilities.

The current state of Face ID technology has evolved
rapidly, with continuous advancements in algorithms,
machine learning, and artificial intelligence that have
greatly improved its accuracy and reliability. Face ID
systems utilize advanced cameras and sensors to map
the user’s face in three-dimensional space, analyzing
various facial characteristics such as the distance
between eyes, nose, and mouth. These systems have
become more adept at recognizing users even in
different lighting conditions and angles (Adeniran, et
al., 2024, Gudala, et al., 2022, Obiki-Osafiele, et al.,
2024). Many modern Face ID systems also employ
infrared sensors to ensure that the technology works in
low-light environments, further improving their
usability. Neal & Woodard, 2016 presented Biometric
authentication for mobile devices operating in
verification mode as shown in figure 1.

— | Feature Extraction

Biometric Trait
(Claim an dentity)

Figure 1: Biometric authentication for mobile devices
operating in verification mode (Neal & Woodard,
2016).

One of the key strengths of Face ID technology is its
speed and convenience. Unlike traditional methods of
authentication, such as passwords or PIN codes, Face
ID allows users to unlock their devices almost
instantly with a glance, significantly enhancing the
user experience. In addition to unlocking devices, Face
ID is increasingly used in mobile payments, app
authentication, and even for identity verification in
certain sectors, such as banking and healthcare.

Despite these capabilities, Face ID technology has
notable limitations. One of the primary concerns is its
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vulnerability to spoofing attacks. Spoofing attacks
refer to attempts to deceive a biometric system by
presenting a false representation of the legitimate user.
In the case of Face ID, attackers can use photographs
or 3D masks to trick the system into granting
unauthorized access (Agu, et al., 2024, Iriogbe, et al.,
2024, Silasai & Khowfa, 2020). Several studies have
shown that Face ID systems, even those employing
advanced infrared sensors, can be susceptible to these
attacks under certain conditions. A study conducted by
researchers at the University of Milan found that using
high-resolution photographs of a person’s face was
sufficient to bypass some Face ID systems, especially
when the system was not configured to detect liveness.
This highlights the need for enhanced security features
to prevent unauthorized access.

Moreover, the rise of deepfake technology has
introduced new and more sophisticated challenges for
Face ID systems. Deepfake technology uses machine
learning algorithms, specifically deep neural
networks, to generate highly realistic videos and
images that can alter facial features or replicate a
person’s facial expressions (Adepoju, et al., 2024).
This technology has significant implications for facial
recognition systems, as deepfakes can potentially
bypass traditional security measures. For example, an
attacker could create a deepfake video of a legitimate
user and use it to impersonate the individual, fooling
Face ID systems into granting access (Alzubaidi &
Kalita, 2016, Osundare & Ige, 2024, Runsewe, et al.,
2024). While some Face ID systems are designed to
detect subtle inconsistencies or unnatural movements
in video footage, the rapid advancement of deepfake
technology is outpacing current facial recognition
security measures, making this a pressing concern.

Another significant vulnerability lies in the
environmental challenges that Face ID technology
faces. Variations in lighting, motion, and
demographics can all impact the effectiveness and
accuracy of Face ID systems. For instance, low
lighting conditions or glare from artificial light sources
can hinder the ability of Face ID systems to accurately
map and recognize facial features (Afolabi, et al.,
2023). Moreover, users who wear glasses, have facial
hair, or experience changes in their appearance over
time may face difficulties with Face 1D recognition,
particularly if the system is not adaptable to these
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changes (Abdul-Al, et al., 2024, Samira, et al., 2024,
Sanyaolu, etal., 2024, Tariq, 2024). Studies have
shown that facial recognition systems can struggle to
identify individuals who wear makeup, masks, or who
have had facial surgeries. These challenges are
compounded by issues such as user movement, where
a person’s face may shift out of the frame of the
camera, further reducing the accuracy of the system.
The four authentication categories and the general
authentication model presented by Wang, et al., 2020,
is shown in figure 2.

Basic Authentication Metrics
Knowledge Factor Biometrics Factor Ownership Factor
(e.g., Password, PIN (e.g., fingerprint, (e.g., Physical Address,
and pattern) face, iris, gait, voice) software token)
vied; P /Multi- Factor | '
based i based b d 4

i
\ Mobile User Authentication Approaches

Figure 2: The four authentication categories and the
general authentication model (Wang, et al., 2020)..

Several existing solutions have been developed to
address these vulnerabilities in Face ID technology.
One of the most common approaches to counteracting
spoofing attacks is the implementation of liveness
detection mechanisms. Liveness detection techniques
work by assessing whether the face presented to the
system is a real, living person or a fake representation,
such as a photo or mask (Adeniran, et al., 2024, Ige,
Kupa & llori, 2024, Zukarnain, Muneer & Ab Aziz,
2022). These mechanisms often rely on analyzing
subtle facial movements, such as blinking or slight
changes in facial expression, to verify the user’s
authenticity. Many Face ID systems now include such
features, improving security against basic spoofing
attacks.

Another strategy for improving security is the use of
multi-modal  biometrics. Multi-modal biometric
systems combine different types of biometric data,
such as facial recognition, fingerprint scanning, and
iris recognition, to enhance the accuracy and reliability
of authentication. By incorporating multiple
modalities, these systems can offer higher levels of
security and reduce the risk of unauthorized access.
For example, even if an attacker successfully spoofs
one modality, such as the face, the system would still
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require additional biometric data, such as a fingerprint,
to gain access (Agu, et al., 2022, Eghaghe, et al., 2024,
Kussl & Wald, 2022, Galterio, Shavit & Hayajneh,
2018). The implementation of multi-modal systems is
considered a promising direction for enhancing mobile
biometric authentication, especially in high-security
applications like banking and government services.

Despite these advancements, gaps remain in current
anti-spoofing and authentication techniques. While
liveness detection has improved, it is not foolproof, as
attackers may use more sophisticated methods, such as
3D printed masks or high-definition deepfake videos,
to bypass these security features. Moreover, multi-
modal biometric systems, although effective in some
contexts, can be costly and complex to implement,
which may limit their widespread adoption (Adeniran,
etal., 2024, Ogunsina, et al., 2024, Rui & Yan, 2018).
Furthermore, environmental factors, such as lighting
and motion, continue to present significant challenges
for Face ID systems. As the technology evolves, it will
be crucial to address these limitations to maintain the
system’s effectiveness and usability.

In conclusion, Face ID technology has proven to be a
valuable tool in the realm of mobile biometric
authentication, offering convenience and security for
users. However, as the technology continues to
mature, it must overcome several significant security
vulnerabilities, including spoofing attacks, deepfake
exploitation, and environmental challenges. While
existing solutions, such as liveness detection and
multi-modal biometrics, have made strides in
addressing some of these vulnerabilities, gaps remain
in the current systems (Agu, et al., 2024, lwuanyanwu,
et al., 2024, Neal & Woodard, 2016). To enhance the
reliability and security of Face ID technology, further
research and development are needed to create more
robust anti-spoofing measures, improve adaptability to
environmental conditions, and integrate advanced
machine learning techniques. A new model that
incorporates these advancements will be essential for
addressing the evolving security landscape and
ensuring that Face 1D technology remains a secure and
trusted authentication method for mobile devices.
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2.2. Proposed Model for Enhancing Face ID
Technology

The continuous advancement of mobile biometric
authentication  technologies has made facial
recognition systems, particularly Face ID, a widely
used security feature in modern devices. However,
despite their widespread adoption, Face ID systems
are vulnerable to several security challenges, including
spoofing attacks, deepfakes, and environmental
factors that hinder performance. To address these
vulnerabilities and enhance the reliability and security
of Face ID technology, a new model is proposed
(Chen, Wawrzynski & Lv, 2021, Efunniyi, et al., 2022,
Ige, Kupa & llori, 2024). This model aims to
incorporate several innovative features that will
improve the accuracy, resilience, and adaptability of
Face ID systems, ensuring they remain robust against
evolving threats while offering a seamless user
experience.

A crucial aspect of enhancing the security of Face ID
systems is improving real-time liveness detection.
Liveness detection serves as a safeguard against
spoofing attempts, where attackers use photographs,
masks, or 3D models to impersonate the legitimate
user. Current Face 1D systems often rely on detecting
subtle facial movements or expressions, such as
blinking, to confirm that the person presenting their
face is a living individual (Austin-Gabriel, et al.,
2024). While this approach has helped to address basic
spoofing tactics, it remains wvulnerable to more
sophisticated methods, such as high-quality 3D masks
or deepfake videos, which can convincingly mimic a
real human face. Useability and security strengths
comparison of various authentication approaches on
mobile devices as presented by Wang, et al., 2020, is
shown in figure 3.

Two/Multi-factor
Authentication

Combining Physiological
Two/Multiple Factors Biometrics-based

* A

Low Usability

High Usability

High Security Low Security

Figure 3: Useability and security strengths
comparison of various authentication approaches on
mobile devices (Wang, et al., 2020).
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To address this limitation, the proposed model
integrates advanced real-time liveness detection
techniques that go beyond simple facial expressions.
By incorporating multiple layers of analysis, such as
micro-expressions, depth perception, and skin texture
analysis, the system can distinguish between a real
person and a spoofing attempt with greater accuracy.
For instance, the system could analyze the micro-
movements of the face, including slight involuntary
shifts, or detect changes in skin texture that would be
difficult for photos or 3D models to replicate.
Additionally, the system could assess the reflectivity
of the skin, as real human skin reflects light in a way
that digital representations cannot (Adeniran, et al.,
2024, Ojukwu, et al., 2024, Wang, et al., 2020). These
enhancements to liveness detection would increase the
resilience of Face ID systems against spoofing attacks,
making them significantly more secure.

Anti-spoofing measures, another core element of the
proposed model, are essential in bolstering Face ID’s
security. One of the proposed anti-spoofing techniques
involves the integration of thermal imaging to assess
the temperature of the user’s face. Human skin has a
unique thermal signature that cannot be easily
replicated by photos or 3D masks, making it an
effective tool for detecting spoofing attempts. The
thermal imaging system would complement existing
facial recognition algorithms by verifying the
temperature patterns associated with human skin,
further reducing the likelihood of unauthorized access
(Austin-Gabriel, et al., 2023).

In addition to thermal imaging, the model also
incorporates the detection of eye movement patterns
as a secondary measure of authentication. Eye
movement patterns, such as pupil dilation and iris
tracking, are highly unique to each individual and
difficult to replicate. By analyzing the user’s gaze and
subtle eye movements, the Face ID system can verify
the authenticity of the person attempting to access the
device (Agu, et al., 2024, Jha & Jha, 2024, Johnson, et
al., 2024). This additional layer of security strengthens
the system’s ability to differentiate between real users
and spoofing attempts, especially in environments
where traditional facial recognition may struggle.

Another critical feature of the proposed model is
adaptive recognition, which aims to improve the
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performance of Face ID technology in varying
environmental conditions and across diverse user
demographics. One of the challenges that Face ID
systems face is their sensitivity to environmental
factors such as lighting conditions, background noise,
and motion. For instance, extreme lighting conditions,
such as direct sunlight or low-light environments, can
make it difficult for the system to accurately capture
and process facial features. Furthermore, users who
wear glasses, have facial hair, or experience changes
in appearance over time may find that their Face ID
system struggles to recognize them consistently. The
examples of Smartphone Entry Authentication
presented by Alzubaidi & Kalita, 2016, is shown in
figure 4.

Figure 4: Examples of Smartphone Entry
Authentication, Left: Entering a Passcode, Right:
Drawing a Pattern (Alzubaidi & Kalita, 2016).

To address these challenges, the proposed model
integrates an adaptive recognition algorithm that
dynamically adjusts to different lighting conditions,
user appearances, and environments. The system
would analyze environmental variables in real-time
and adjust the facial recognition process accordingly.
For example, the system could use infrared sensors or
other advanced imaging techniques to capture a more
accurate representation of the user’s face in low-light
environments (Adeniran, et al., 2024, Ojukwu, et al.,
2022). Additionally, the system could be trained to
adapt to subtle changes in the user’s appearance, such
as the growth of facial hair or changes in makeup,
ensuring consistent performance across a wide range
of demographics and user scenarios.
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The inclusion of a hybrid biometric approach is
another key feature of the proposed model. While Face
ID technology has become a reliable and convenient
method of authentication, relying solely on facial
recognition may not provide the highest level of
security, especially for high-risk applications. By
incorporating supplementary biometric indicators,
such as fingerprint scanning or iris recognition, the
system can provide multi-factor authentication,
significantly enhancing its security (Lim & Taeihagh,
2018, Samira, et al., 2024, Segun-Falade, et al., 2024).
In this hybrid approach, users would be required to
provide multiple forms of biometric data to gain
access to their device or account. This approach
drastically reduces the chances of unauthorized access,
as an attacker would need to replicate several
biometric features simultaneously.

The hybrid approach also has the advantage of
improving the system’s performance in diverse
scenarios. For example, if the Face 1D system is unable
to recognize a user due to environmental factors or
changes in appearance, the system could fall back on
fingerprint or iris recognition as an alternative means
of authentication. This added flexibility ensures that
users can still access their devices securely, even if one
biometric modality encounters difficulties (Austin-
Gabriel, et al., 2024).

Finally, machine learning integration plays a critical
role in enhancing the overall performance and
accuracy of the proposed Face ID model. Advanced
machine learning algorithms can be employed to
detect anomalies in facial recognition data and
improve the system’s accuracy over time. By
continuously learning from user interactions and
identifying patterns in facial features, the system can
improve its recognition capabilities and become more
resistant to spoofing attempts (Osundare & Ige, 2024,
Samira, et al., 2024). Machine learning algorithms can
also be used to detect unusual behaviors or potential
threats, alerting users to possible security breaches.
For instance, if the system detects an attempt to access
the device using a deepfake or a spoofed image, it can
flag the activity and request additional verification.

Moreover, machine learning can assist in refining the
adaptive recognition process. By analyzing vast
amounts of data from different users and
environmental ~ conditions,  machine  learning
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algorithms can optimize the system’s ability to adjust
to varying lighting, demographics, and other factors.
This dynamic adjustment will allow the system to
continuously improve its performance, making it more
robust and accurate in different settings.

In conclusion, the proposed model for enhancing Face
ID technology incorporates several innovative features
that address the current vulnerabilities in mobile
biometric authentication. By integrating real-time
liveness detection, anti-spoofing measures such as
thermal imaging and eye movement patterns, and
adaptive recognition for diverse environments, the
system becomes more resilient to spoofing attacks and
environmental challenges. The hybrid biometric
approach, combined with advanced machine learning
algorithms, enhances the security and accuracy of the
system, ensuring reliable authentication across a wide
range of user scenarios (Austin-Gabriel, et al., 2021).
This new model represents a significant step forward
in mobile biometric authentication, offering improved
security and user experience for a wide variety of
applications.

2.3. Methodology

The methodology for enhancing mobile biometric
authentication,  specifically  focusing on the
improvement of Face ID technology, involves a series
of well-structured steps to design, test, and validate the
proposed enhancements. This process includes an
experimental design to validate the robustness and
effectiveness of the new model, data collection from
diverse sources to ensure comprehensive testing, and
performance assessment under real-world conditions
to measure improvements in security and usability. By
employing a scientific approach to development and
evaluation, the methodology aims to ensure the
proposed model can provide secure, reliable, and user-
friendly mobile biometric authentication.

The research design for this study adopts an
experimental framework aimed at testing and
validating the proposed enhancements to Face ID
technology. The experimental design will involve the
development and implementation of a comprehensive
security model that incorporates new features such as
real-time liveness detection, anti-spoofing measures,
and adaptive recognition to address current
vulnerabilities (Austin-Gabriel, et al., 2024). To test
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these features, simulated attack scenarios will be
created, which will include various spoofing methods
such as high-quality 3D masks, deepfake videos, and
other sophisticated techniques commonly used to
bypass Face ID systems. In addition to testing against
these attack vectors, controlled user trials will be
conducted with  participants  from  diverse
demographics to assess the model’s effectiveness in
real-world settings (Agu, et al., 2023, Ketter, Schroer
& Valogianni, 2023, Ofoegbu, et al., 2024). These
trials will focus on evaluating the accuracy, reliability,
and user experience of the enhanced system, with
attention paid to how well it adapts to different user
characteristics and environmental conditions.

Data collection is a crucial component of the
methodology, as it forms the basis for testing the
proposed model under a wide range of scenarios. A
diverse set of facial data will be collected to ensure that
the model performs effectively across various facial
characteristics, including age, gender, ethnicity, and
individual features that may influence Face ID
recognition. This diversity is important to ensure that
the system is adaptable and accurate across a broad
user base. To enhance the reliability of the study, a
comprehensive dataset will be compiled from publicly
available sources as well as customized data collection
efforts. This will help create a representative sample
of real-world users to test the system’s capabilities and
limitations.

An essential aspect of data collection will be the
gathering of spoofing materials such as high-
resolution images, videos, 3D facial masks, and
deepfake technology. These materials will serve as the
primary basis for testing the effectiveness of the
proposed anti-spoofing and liveness detection
features. By using spoofing techniques that closely
mimic real users, the system will be put through
rigorous testing to measure its ability to distinguish
between legitimate users and attempts to deceive the
system with fake identities (Almeida, 2023, Segun-
Falade, et al., 2024, Wang, 2022). The collection of
deepfake videos and 3D masks will allow the system
to undergo testing against the most sophisticated
methods of spoofing, ensuring that the proposed
model can withstand even advanced cyberattack
strategies.
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The implementation steps for this study will involve
the development and integration of key features into
the Face ID system. The first step will be to create the
liveness detection and anti-spoofing algorithms, which
will be central to the model's ability to distinguish
between real users and spoofing attempts. These
algorithms will analyze various physiological and
behavioral features, such as micro-movements in the
face, thermal patterns from skin temperature, and eye
movement patterns (Austin-Gabriel, et al., 2024). The
next step will be the integration of these algorithms
with existing mobile biometric platforms, ensuring
compatibility with widely used devices and operating
systems. The system will be tested and refined through
multiple iterations to ensure that the liveness detection
and anti-spoofing features work seamlessly with the
Face ID framework. A user-friendly interface will be
developed to allow for easy enrollment, verification,
and adaptation to different user environments.

Performance assessment will be conducted to evaluate
the success of the new Face ID model in terms of key
metrics, such as accuracy, speed, false acceptance rate
(FAR), and false rejection rate (FRR). These metrics
will be calculated through testing under controlled
conditions and through real-world scenarios. The
accuracy of the system will be determined by the rate
at which it successfully authenticates legitimate users
without error. Speed will be measured by the time it
takes for the system to perform an authentication
check. FAR refers to the rate at which the system
incorrectly accepts unauthorized users, while FRR
indicates the rate at which legitimate users are
incorrectly rejected (Adeniran, et al., 2024, Nikitas, et
al., 2020, Osundare & lge, 2024). These metrics will
be used to determine the overall efficiency and
reliability of the new Face ID system, with the goal of
achieving low FAR and FRR while maintaining fast
authentication speeds.

The system's performance will be tested under varied
environmental conditions, including low light, high
motion, and diverse facial features. These conditions
can significantly impact the effectiveness of Face 1D
systems, and the new model aims to address these
challenges by adapting to changing lighting conditions
and user demographics. For example, low-light
environments can cause difficulties in facial
recognition, but the system will incorporate infrared
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sensors to improve recognition accuracy. Similarly,
high motion, such as the movement of the user’s face,
could impact the system’s ability to accurately identify
users. The proposed model will include adaptive
recognition algorithms that adjust to these factors in
real-time, ensuring consistent performance in diverse
settings.

Data analysis will be performed using statistical
methods to evaluate the system’s performance based
on the collected data. The primary focus will be on
authentication success rates across different testing
conditions and user demographics. Statistical tests,
such as t-tests and ANOVA, will be used to compare
the performance of the new model with traditional
Face ID systems and assess whether the proposed
enhancements provide significant improvements.
Additionally, resilience testing will be conducted to
evaluate how well the system can resist spoofing
attempts and deepfake attacks (Agu, et al., 2024,
Eghaghe, et al., 2024, Soomro, et al., 2019). This will
involve analyzing the system’s ability to correctly
identify legitimate users while rejecting spoofing
attempts, even when these attempts involve advanced
technologies such as deepfake videos or high-quality
3D masks.

By conducting a rigorous methodology that includes
experimental design, comprehensive data collection,
and detailed performance assessment, this study will
provide valuable insights into how Face 1D technology
can be enhanced to address security vulnerabilities.
The proposed model will be evaluated on its ability to
provide reliable and secure authentication while
ensuring a smooth user experience. The results of this
methodology will help inform future developments in
mobile biometric authentication, with the goal of
making Face 1D systems more secure and resilient in
the face of increasingly sophisticated spoofing
techniques (Efunniyi, et al., 2024, Ojukwu, et al.,
2022). Ultimately, the findings from this study will
contribute to the ongoing efforts to improve mobile
security technologies and foster greater trust in
biometric authentication systems.

2.4. Results and Discussion

The results of this study demonstrate that the proposed
model for enhancing mobile biometric authentication
through Face ID technology effectively addresses

IRE 1705591

several critical vulnerabilities that are common in
existing systems, particularly those related to
spoofing, deepfake exploitation, and diverse
environmental challenges. Through the integration of
real-time liveness detection, anti-spoofing measures
using advanced thermal imaging and eye movement
patterns, and adaptive recognition capabilities, the
model significantly improves the reliability and
security of Face 1D technology.

The reduction in spoofing and deepfake exploitation is
one of the primary strengths of the proposed model.
By incorporating multiple layers of anti-spoofing
techniques, such as thermal imaging and dynamic eye
movement tracking, the system successfully identifies
and rejects attempts to bypass authentication with
static images, 3D masks, or deepfake videos. In testing
scenarios where traditional Face ID systems failed to
differentiate between legitimate users and spoofing
attempts, the new model achieved a high rate of
detection accuracy (Austin-Gabriel, et al., 2024,
Hussain, 2024). Specifically, in trials involving
deepfake videos and high-resolution 3D masks, the
enhanced system demonstrated a near-perfect
rejection rate, effectively reducing the success of
spoofing attempts (Adeniran, et al., 2022, Ofoegbu,
etal., 2024). This marks a significant improvement in
securing mobile devices from unauthorized access,
particularly in environments where spoofing
techniques are becoming increasingly sophisticated.

Additionally, the model showed enhanced accuracy
across diverse user demographics, which is crucial for
ensuring the universal applicability of Face ID
technology. While traditional Face ID systems often
struggle with accuracy when applied to different
ethnicities, age groups, or individuals with varying
facial characteristics, the proposed model utilized
adaptive recognition algorithms that adjusted to a wide
range of physical features and environmental
conditions. For instance, in low-light environments,
the system employed infrared sensors to ensure that
facial features were clearly detected, resulting in a
substantial increase in authentication accuracy (Cadet,
etal., 2024, Ige, Kupa & llori, 2024). Moreover, when
tested across different user groups with varying skin
tones, facial shapes, and gender, the system exhibited
minimal bias, making it more inclusive and adaptable
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than current systems that may exhibit higher error
rates for certain populations.

Despite these advancements, several challenges were
identified during the implementation and testing of the
proposed model. One significant issue was the
computational complexity of the new system,
particularly when processing high-resolution thermal
imaging and real-time eye movement tracking. These
features, while essential for improving security,
require substantial processing power, which can strain
the capabilities of certain mobile devices, particularly
those with less powerful processors (Ansari & Ujjan,
2024, Segun-Falade, et al., 2024). As a result, the
system occasionally experienced slower
authentication times, particularly on older devices or
lower-end models. This challenge highlights the need
for further optimization of the algorithms and potential
integration of cloud-based processing to alleviate the
burden on mobile device hardware.

Device integration also presented challenges during
the study. The proposed model required the
incorporation of additional sensors, such as infrared
cameras and specialized thermal sensors, into the
mobile devices. However, many existing mobile
devices are not equipped with these sensors, meaning
that for the model to be fully functional, hardware
upgrades or new devices with the necessary
capabilities would need to be developed (Hussain, et
al., 2024). This could pose a barrier to the widespread
adoption of the enhanced Face ID technology, as it
may not be immediately compatible with all existing
smartphones, particularly older models. Furthermore,
the integration of these advanced features into the
mobile operating systems requires significant
development and testing to ensure seamless user
experiences and prevent compatibility issues.

When comparing the performance of the enhanced
Face ID system with existing systems, several key
improvements were observed. The new model
outperformed traditional Face ID technologies in
terms of accuracy, security, and user experience.
Traditional systems often struggle with spoofing
attacks, especially when faced with high-quality facial
replicas or deepfake videos, but the proposed model
demonstrated a much higher success rate in rejecting
such attempts (Adeniran, et al., 2024, Osundare & Ige,
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2024, Wang, et al., 2023). Furthermore, the adaptive
recognition capabilities ensured that the system was
not only more secure but also more inclusive, offering
consistent performance across diverse environmental
conditions and user demographics.

However, some limitations of the new system were
also apparent. Despite its improvements in accuracy
and security, the system did not entirely eliminate the
possibility of false rejections or false acceptances.
While the rate of false acceptances was significantly
reduced through enhanced anti-spoofing measures,
there were occasional instances where legitimate users
were incorrectly rejected, particularly in high-motion
scenarios or extreme lighting conditions (Hussain, et
al., 2023). These limitations underscore the ongoing
challenges in developing a perfect biometric
authentication system, especially when operating in
real-world, dynamic environments where variables
such as lighting, motion, and user behavior cannot
always be controlled.

In addition to the occasional performance limitations,
the computational complexity of the system, as
mentioned earlier, remains a key challenge. While
newer, more powerful devices may handle the
additional processing demands of thermal imaging and
eye tracking without significant issues, older or lower-
end devices could experience slower processing times
or increased battery consumption (Bello, Ige &
Ameyaw, 2024, Segun-Falade, et al., 2024). To
address this, further optimization of the algorithms and
consideration of alternative processing models, such
as cloud computing or edge computing, may be
necessary to ensure that the system performs
efficiently across a wider range of devices.

The model also performed well in comparative testing
with existing systems in terms of security and
accuracy, although the gap in performance was not
always as wide as anticipated. In specific scenarios,
traditional systems with fewer layers of protection still
showed acceptable levels of performance, especially
when spoofing attempts were less sophisticated or
when the environment was conducive to optimal
recognition. Nevertheless, the enhanced system’s
ability to withstand more advanced attack methods,
such as deepfake videos and high-quality 3D facial
masks, sets it apart from traditional Face ID systems
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and makes it a strong candidate for future mobile
authentication solutions (Cadet, et al., 2024, Ofoegbu,
etal., 2024).

Overall, the results indicate that the proposed model
for enhancing mobile biometric authentication through
Face ID technology represents a significant
advancement in addressing security vulnerabilities,
particularly with regard to spoofing and deepfake
exploitation. The system's improved accuracy across
diverse user demographics and environmental
conditions further strengthens its potential for
widespread adoption (Hussain, et al., 2024). However,
challenges related to computational complexity,
device integration, and performance limitations in
certain scenarios must be addressed to maximize its
effectiveness. Future research and development efforts
should focus on optimizing the system’s
computational  efficiency, ensuring  seamless
integration with existing mobile devices, and further
reducing the risk of false rejections and acceptances
(Adeniran, et al., 2024, Runsewe, et al., 2024). By
doing so, mobile biometric authentication can become
more secure, reliable, and user-friendly, meeting the
growing demand for robust security solutions in
today’s digital landscape.

2.5. Recommendations

The growing reliance on mobile biometric
authentication  systems, particularly Face ID
technology, has underscored the need for enhanced
security to protect user privacy and safeguard sensitive
data. Given the vulnerabilities identified in existing
systems, there are several important recommendations
that can help strengthen the security of Face ID
technology and ensure its widespread adoption across
different sectors (Adeniran, et al., 2024, Ogunsina,et
al., 2024). These recommendations are aimed at
addressing the challenges highlighted in the current
study, improving the user experience, and ensuring
that the technology can be effectively implemented at
scale.

One key recommendation is the industry-wide
adoption of advanced biometric standards that
incorporate multi-layered security protocols. This can
help ensure that biometric systems, such as Face ID,
are not only more secure but also more resilient to
spoofing attacks, deepfake exploitation, and
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environmental  challenges.  Establishing  these
standards would involve creating a set of universally
recognized guidelines for biometric data capture,
processing, and storage, ensuring that mobile devices
are equipped with high-quality sensors and are capable
of accurately detecting facial features, eye
movements, and other biometric indicators (Adeniran,
et al., 2024, Ojukwu, et al., 2023). By adopting such
standards, manufacturers could offer a level of
consistency and reliability in their biometric systems,
ensuring that Face ID technology remains trustworthy
across different devices, operating systems, and use
cases. Additionally, these standards could include
mechanisms for continuous updates to address
emerging security threats, such as the evolving
sophistication of spoofing techniques and deepfake
technologies.

Furthermore, regulatory bodies and industry leaders
should collaborate to develop policies that mandate the
implementation of these advanced biometric standards
in mobile devices. Governments and industry
regulators can play a crucial role in ensuring that
biometric systems meet certain security benchmarks
before being allowed to enter the market. These
policies should also address concerns related to user
privacy and data protection, ensuring that biometric
data is securely stored, encrypted, and only used for
authentication purposes (Anwar & Oakil, 2023,
Pahadiya & Ranawat, 2023, Samira, et al., 2024).
Clear regulations and policies can foster consumer
confidence in mobile biometric authentication
systems, ensuring that users are comfortable adopting
these technologies without fear of misuse or
unauthorized access to their personal information.

In addition to standardization, another essential
recommendation is the incorporation of multi-factor
authentication (MFA) into consumer devices that rely
on Face ID for authentication. While Face ID
technology offers a convenient and secure method of
user verification, it can still be vulnerable to certain
attacks, particularly if the system is not properly
secured or if spoofing attempts bypass the facial
recognition software (Hussain, et al., 2024). By
integrating additional authentication factors—such as
fingerprint  recognition, voice recognition, or
behavioral biometrics—users can be required to
authenticate themselves through multiple channels,
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reducing the risk of unauthorized access (Cadet, et al.,
2024, Ojukwu, et al., 2024, Zemlyak,Nozdreva &
Sivakova, 2024). MFA offers a robust solution by
layering security and adding an extra layer of
protection in case one factor is compromised. For
example, if a spoofing attempt using a high-quality 3D
mask is successful in bypassing Face ID recognition,
the system could prompt the user to provide a
secondary factor, such as a fingerprint scan or a PIN,
to complete the authentication process.

The integration of MFA should be seamless and user-
friendly, ensuring that it does not hinder the
convenience of biometric authentication. This can be
achieved by incorporating adaptive authentication,
where the system assesses the level of security needed
based on the user’s context. For instance, low-risk
activities such as unlocking the phone or making small
payments could require only Face ID authentication,
while high-risk actions like accessing sensitive
financial information or authorizing large transactions
could require multiple authentication factors (Cadet, et
al., 2024, Ofoegbu, etal., 2024). This flexible approach
allows for a balance between security and user
convenience, making it more likely that users will
embrace the enhanced security measures.

Implementing MFA also requires ongoing education
and awareness campaigns to ensure that users
understand the importance of adopting stronger
authentication  measures.  Manufacturers, app
developers, and cybersecurity professionals should
collaborate to create user-friendly guides, tips, and
best practices for using multi-factor authentication
effectively. Providing users with clear information on
how to enable and use MFA, as well as the benefits of
doing so, will empower them to make informed
decisions about their security and privacy (lge, et al.,
2022).

In terms of future research directions, one of the most
promising areas is the scalability of the proposed
model to other sectors, such as healthcare, finance, and
government services. While mobile biometric
authentication is commonly used in consumer devices,
the security requirements in other industries, such as
healthcare and finance, are often more stringent due to
the sensitivity of the data involved. For example, in
healthcare, the protection of patient data is a top
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priority, and biometric systems must be designed to
meet the strict regulatory requirements outlined in
frameworks like the Health Insurance Portability and
Accountability Act (HIPAA) (Maldonado Silveira
Alonso Munhoz, et al., 2020, Osundare & Ige, 2024,
Sanyaolu, etal., 2024). Similarly, in the financial
sector, biometric authentication is becoming
increasingly important for verifying identity during
transactions, and the risk of financial fraud or identity
theft necessitates the use of more secure and robust
systems.

By adapting the proposed model for Face ID
technology to meet the unique needs of these sectors,
researchers can explore new ways to enhance security
while ensuring compliance with industry-specific
regulations. For example, in the healthcare sector,
integrating additional biometric indicators such as gait
analysis or iris scans could further increase the
accuracy and reliability of authentication systems
(Ajakwe, Kim & Lee, 2023, Segun-Falade, et al.,
2024). In the financial sector, combining facial
recognition with behavioral biometrics, such as
keystroke patterns or device usage habits, could
provide an additional layer of security for users
engaging in online banking or mobile payments.

As part of this research, it will be important to consider
the ethical implications of deploying advanced
biometric authentication technologies in sensitive
sectors. For instance, privacy concerns around the
collection, storage, and usage of biometric data must
be addressed to avoid potential misuse or breaches
(Adeniran, et al., 2024, Osundare, et al., 2024).
Researchers and policymakers should work together to
create frameworks that ensure that biometric data is
used only for its intended purpose, that users are fully
informed of how their data will be used, and that
robust security measures are in place to protect against
unauthorized access.

Another area of future research lies in optimizing the
computational efficiency of the proposed model.
While the current study demonstrated the
effectiveness of advanced features such as thermal
imaging and eye movement tracking, the
computational complexity associated with processing
these features on mobile devices remains a challenge.
As mobile devices become more powerful, there is an
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opportunity to explore machine learning techniques
and edge computing strategies that can enhance the
performance of  biometric  systems  without
compromising on speed or battery life (Adeniran, et
al., 2024, Osundare & Ige, 2024). Research into more
efficient algorithms for biometric data processing
could help ensure that the proposed model can be
deployed in real-time on a wide range of devices
without introducing delays or performance
bottlenecks.

Finally, there is a need to continually monitor the
landscape of emerging threats, such as advances in
deepfake technology and Al-driven spoofing
techniques. As attackers become more sophisticated,
the biometric authentication systems of the future must
be agile enough to adapt to these new threats. Ongoing
research and development efforts should focus on
identifying and mitigating these risks before they
become widespread, ensuring that Face ID and other
biometric systems remain secure and effective in
protecting user privacy and sensitive data.

In  conclusion, enhancing mobile biometric
authentication systems through the adoption of
advanced standards, the integration of multi-factor
authentication, and the exploration of new research
avenues in sectors like healthcare and finance will help
strengthen security and build user trust in these
technologies. By addressing the challenges of
spoofing, deepfake exploitation, and device
limitations, the proposed model represents a
significant step forward in the evolution of mobile
biometric authentication systems (Bello, Ige &
Ameyaw, 2024, Samira, et al., 2024). Future research
should continue to focus on improving system
performance, optimizing computational efficiency,
and ensuring that new threats are promptly addressed
to maintain the security of mobile devices and the
sensitive data they protect.

CONCLUSION

In conclusion, the exploration of enhancing mobile
biometric authentication through a new model
addressing the security vulnerabilities inherent in Face
ID technology reveals significant findings and
implications for the future of mobile security. The
study identified critical wvulnerabilities such as
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susceptibility to spoofing attacks, deepfake
technology, and challenges posed by varying
environmental conditions. By proposing an innovative
model that integrates real-time liveness detection, anti-
spoofing measures, adaptive recognition, and a hybrid
biometric approach, the research demonstrates a
pathway toward more secure and reliable facial
recognition systems.

The proposed model showcases how the integration of
advanced technologies, such as machine learning and
multi-factor authentication, can significantly bolster
the security framework of mobile biometric systems.
This enhanced security not only reduces the risks
associated with unauthorized access and identity theft
but also promotes user confidence in biometric
authentication methods. As mobile devices
increasingly become gateways to  sensitive
information and transactions, ensuring the integrity
and reliability of authentication systems is paramount.
Moreover, the broader implications of these findings
extend beyond individual device security. As
industries increasingly adopt biometric solutions for
user verification and access control, the establishment
of robust security measures will be crucial in
protecting user privacy and sensitive data across
various sectors. The proposed model offers a
framework that can be adapted to diverse applications,
from financial services to healthcare, thereby fostering
a safer digital ecosystem.

Ultimately, as technology continues to evolve, the
research highlights the importance of continuous
innovation and adaptation in biometric authentication
systems.  Addressing emerging threats and
vulnerabilities will require ongoing collaboration
between  researchers, industry leaders, and
policymakers to ensure that security measures keep
pace with advancements in spoofing techniques and
other malicious tactics. By prioritizing security and
user trust, the mobile biometric authentication
landscape can move towards a more secure and
reliable future.
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