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ABSTRACT: Rapid advances in computer vision have enabled powerful visual perception systems in areas such as
surveillance, autonomous driving, healthcare, and augmented reality. However, these systems often raise serious privacy
concerns due to their ability to identify and track individuals without consent. This paper explores the emerging field
of identity-hiding visual perception, which aims to protect personal identity within visual data through techniques
such as anonymization, obfuscation, and privacy-aware modeling. We provide a system-level overview of current
technologies, categorize application scenarios, and analyze major challenges—particularly the trade-off between privacy
and utility, technical complexity, and ethical risks. Furthermore, we examine regulatory trends and propose future
research directions, including model-level privacy mechanisms such as federated learning and machine unlearning.
By synthesizing insights across technical, ethical, and policy dimensions, this work offers a conceptual roadmap for
developing responsible, privacy-preserving visual perception systems.
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1 Introduction

Visual perception technologies [1-3] have made significant strides in recent years, enabling a variety of
applications that rely on capturing and analyzing visual information from the environment. These systems
have become integral in industries ranging from security and surveillance to healthcare, autonomous
vehicles, and smart cities [4-7]. For instance, surveillance systems are increasingly equipped with cameras
capable of real-time facial recognition [8], tracking individuals through crowds, and detecting suspicious
behavior. Similarly, autonomous vehicles [9] use visual perception to detect pedestrians, vehicles, and obsta-
cles, ensuring safe navigation through complex environments. The growing reliance on these technologies
is driven by the need for accurate, real-time data to support decision-making and operational efficiency in
various sectors.

However, the widespread use of visual perception systems raises significant ethical and privacy concerns
[10,11], particularly with regard to the identification and tracking of individuals. Many of these systems rely
on the ability to recognize faces [12], analyze behaviors [13], or track movements [14], all of which can
capture personally identifiable information (PII) without explicit consent. As these technologies become
more pervasive, the potential for misuse grows [15], whether through unauthorized surveillance, profiling,
or even the violation of civil liberties. For instance, facial recognition technology [16], while highly effective
in public safety and law enforcement, has been criticized for its potential to infringe upon personal privacy,
leading to concerns about state surveillance, discriminatory practices, and data misuse.
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In response to these challenges, the concept of identity-hiding visual perception has emerged as a solu-
tion that aims to mitigate privacy risks while maintaining the functionality of visual perception systems. This
approach seeks to prevent the capture, processing, or storage of identity-related information—such as facial
features or other unique identifiers—by anonymizing or obfuscating such data during the imaging process.
By ensuring that visual systems do not store or process personally identifiable information (PII), identity-
hiding technologies can protect individuals’ privacy without sacrificing the accuracy or effectiveness of the
system itself. As shown in Fig. I: The framework integrates real-time anonymization techniques within the
imaging pipeline to systematically mask identity-specific details while retaining essential visual information.
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Figure 1: Description of identity concealment concept

The core goal of identity-hiding visual perception is to strike a balance between privacy protection and
the operational needs of various applications. For example, in a surveillance context, identity-hiding systems
can detect unusual activities or movements in public spaces without revealing the identities of individuals
involved. Similarly, in healthcare, these technologies can allow for the monitoring and analysis of patient data
without exposing sensitive personal information. By anonymizing the visual data while still capturing useful
information for decision-making or analysis, identity-hiding visual perception systems present an innovative
way to address privacy concerns while enabling the continued use of visual perception technologies.

However, the development and deployment of identity-hiding visual perception systems face a number
of technical and ethical challenges. From a technical perspective, ensuring that these systems can effectively
obfuscate identity-related data without compromising the utility or accuracy of the information being
collected is a complex task. The need for real-time processing, high-resolution imaging, and minimal latency
in many applications—such as autonomous driving and security surveillance—adds additional layers of
difficulty. Furthermore, there are significant ethical considerations, including the potential for misuse of
anonymization techniques, the trustworthiness of the systems, and the challenge of balancing privacy with
the legitimate need for security and public safety.

While several surveys have reviewed individual anonymization techniques or discussed visual privacy
more generally, there remains a gap in system-level analyses that integrate technical, ethical, and regulatory
perspectives under the umbrella of identity-hiding visual perception. Most existing work focuses on either
algorithmic detail or legal theory, leaving a need for interdisciplinary frameworks that bridge both.
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To address this gap, this paper offers a comprehensive overview of identity-hiding visual perception
from a multi-dimensional perspective. The main contributions are as follows:

o We define the concept and scope of identity-hiding visual perception as a distinct research direc-
tion, and analyze its practical relevance across key domains such as public safety, healthcare, and
autonomous systems.

«  We review representative identity-hiding techniques—including image blurring, pixelation, thermal
imaging, depth-based abstraction, and generative obfuscation—and examine their respective trade-offs
between privacy protection and visual utility.

»  We explore the ethical risks and social implications of deploying identity-hiding systems, such as the
potential misuse of anonymization, challenges in public trust, and the tension between privacy rights
and public safety, while highlighting the importance of transparent governance mechanisms.

«  Weoutline future research opportunities related to improving anonymization quality, ensuring real-time
performance, and advancing privacy-aware visual perception through adaptive modeling and system-
level integration.

The remainder of the paper is organized as follows: Section 2 presents related work, reviewing the cur-
rent state of research in the field; Section 3 introduces the technical foundations and key methods; Section 4
discusses technical, ethical, and legal challenges; Section 5 outlines future research directions; Section 6
concludes with a summary and reflections on responsible development.

2 Related Work

With the growing societal concerns around visual privacy [10,17], researchers have increasingly turned
their attention to identity-hiding techniques in computer vision. Several prior reviews and survey efforts
have attempted to map this emerging field, but they often lack depth in categorizing technical strategies
and fail to critically assess how well existing methods meet real-world demands. Many existing surveys
narrowly focus on general privacy-preserving vision or specific use cases, offering fragmented overviews
without addressing the systemic limitations and cross-domain applicability of identity-hiding methods. A
more integrated and critical analysis is needed to connect algorithmic design with broader technical, ethical,
and regulatory considerations.

Existing works can be broadly grouped into three methodological paradigms. The first is image-level
anonymization [18], which uses techniques such as blurring, pixelation, and occlusion to obscure identifiable
content. These methods are straightforward and computationally efficient but often result in significant loss
of visual fidelity and task-relevant detail. The second is representation-level obfuscation [19,20], which aims
to suppress identity information in latent features using strategies like adversarial training or disentangled
representation learning. These approaches offer a better balance between privacy and utility but often suffer
from instability and poor robustness in unconstrained environments. The third category is identity-neutral
generation [21,22], which leverages generative models to create synthetic yet unidentifiable replacements for
original visual content. While promising in visual realism, these methods face challenges in maintaining
semantic consistency and model controllability.

Despite the technical progress, current research remains limited in scope and integration. Most
methods are designed for isolated tasks and lack generalization across domains such as autonomous driving,
healthcare, and smart city systems. Moreover, existing reviews often overlook essential system-level factors,
including deployment efficiency, human interpretability, and compliance with emerging data protection
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norms. This paper addresses these gaps by providing a structured synthesis of identity-hiding visual percep-
tion research, critically evaluating the assumptions and boundaries of current methods, and offering a unified
perspective that integrates privacy, functionality, and ethical responsibility across application contexts.

3 Opportunities of Identity-Hiding Visual Perception

The growing ubiquity of visual perception technologies—especially those relying on cameras, sensors,
and advanced analytics—has resulted in increased concerns about privacy, particularly in public and
sensitive spaces [23]. As these technologies evolve, the need to safeguard personal data while maintaining
their functionality has become critical. Identity-hiding visual perception offers innovative opportunities to
achieve this delicate balance. By protecting individual identities through anonymization techniques [24],
these systems can retain the core benefits of visual perception—security, efficiency, and accuracy—while
minimizing the risks to personal privacy. Below are some key opportunities where identity-hiding visual
perception can be particularly transformative:

3.1 Enhancing Privacy in Surveillance Systems

Surveillance systems [25] have become ubiquitous components of urban and public safety infrastruc-
ture, designed to monitor public spaces, detect criminal activity, and enhance security. However, traditional
surveillance methods that rely on facial recognition and other biometric identifiers pose significant privacy
risks [26]. These systems can track and identify individuals in real time, raising concerns about unauthorized
surveillance, profiling, and misuse of data.

Identity-hiding visual perception systems eftectively address these concerns by anonymizing or obfus-
cating identity-related information such as faces, clothing, or distinguishing features while still enabling
detection of suspicious activities or events. Instead of focusing on individuals’ faces or personal identifiers,
these systems emphasize broader patterns such as behavior analysis, movement trajectories [27-29], or
detecting unusual objects in specific areas. By removing personally identifiable information (PII) from the
data, these systems enable monitoring of public spaces without the invasive privacy risks associated with
traditional surveillance.

Technically, common identity-hiding methods include thermal imaging, pixelation, and depth map
processing. Thermal imaging uses infrared sensors to capture the heat emitted by the human body, producing
thermal images that do not reveal facial details but still accurately indicate a person’s location and movement.
Pixelation reduces the resolution or blurs key regions such as faces to obscure identity features; this approach
is simple and computationally efficient but may sacrifice image detail. Depth map processing leverages
3D spatial information from depth cameras to reconstruct the geometric structure of the scene rather
than surface textures, thereby preserving privacy while supporting spatial behavior analysis. As shown
in Fig. 2, these identity-hiding techniques effectively mask personal identity details while preserving essential
scene information for analysis. The figure illustrates the application and differences among these methods,
providing a clear visualization of the trade-offs between privacy protection and information retention.
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Figure 2: Examples of image processing methods for identity hiding

These identity-hiding techniques offer clear advantages in privacy protection but come with trade-ofts in
performance. Thermal imaging is sensitive to environmental temperature variations and generally provides
lower resolution, which can limit fine detail capture. Pixelation has low computational cost but may reduce
accuracy in detecting subtle abnormal behaviors. Depth map processing requires specialized hardware and
higher computational resources, increasing system complexity and deployment cost. Moreover, lacking
direct identity information, these systems may face challenges in precisely identifying individuals or
detecting anomalies in complex environments, potentially increasing false positives or negatives.

Overall, identity-hiding visual perception systems strike a balance between surveillance effectiveness
and privacy protection, making them suitable for public safety applications where privacy concerns are
paramount. Different techniques vary significantly in their level of privacy protection, identification accu-
racy, and computational demands. Practical deployment should carefully select or combine these methods
based on specific requirements to achieve the best compromise between security and privacy.

3.2 Enabling Ethical Autonomous Systems

Autonomous systems, including vehicles, robots, and drones [30-32], rely heavily on visual perception
for tasks such as navigation, object detection, and decision-making. These systems typically capture vast
amounts of visual data in real-time to understand their environment and interact with the world around
them. However, their deployment in public spaces raises privacy concerns, particularly when it comes to
identifying or tracking individuals in ways that are not fully transparent or consented to.

By integrating identity-hiding technologies into the visual perception systems of autonomous vehicles
[33] and robots, these systems can process visual data effectively while maintaining privacy. For example, an
autonomous car might rely on visual perception to detect pedestrians and other vehicles, but using identity-
hiding algorithms could prevent the system from recording identifiable features, such as a person’s face or
other private identifiers. Instead of relying on face recognition to track pedestrians, the system could focus on
broader patterns of movement, ensuring that personal privacy is protected. As illustrated in Fig. 3: Identity
Hiding Technology enables various autonomous platforms, including vehicles, drones, and service robots,
to operate in public spaces without compromising individual privacy.
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Figure 3: Application of identity hiding technology in autonomous systems

This technology could also extend to autonomous drones used for delivery or public monitoring.
These drones could capture images of individuals in public spaces, but by anonymizing the data, their
visual perception systems would only record environmental information necessary for navigation, without
identifying or tracking individuals. This helps to make autonomous systems more ethical, addressing
public concerns about unauthorized surveillance and privacy invasion while still allowing for safe and
effective operation.

3.3 Safeguarding Healthcare Data

In healthcare, visual perception technologies are increasingly used for a range of applications
[34-36], from non-invasive diagnostic tools to remote patient monitoring. These technologies offer a number
of benefits, such as providing detailed imaging for diagnosis [37], improving the accuracy of medical
assessments, and enabling real-time monitoring of patients’ conditions. However, these systems often capture
sensitive patient data, including identifiable visual features like faces, body shapes, or specific marks, which
raises concerns about the privacy and security of healthcare information.

Identity-hiding visual perception can play a crucial role in addressing these concerns by anonymizing
identifiable data during the imaging process. For instance, in telemedicine or remote health monitoring
applications, where patients are video-monitored for health conditions, anonymization techniques could
ensure that patients’ identities are never exposed to healthcare providers or third parties. This would allow
for the continued use of advanced imaging technologies—such as MRI scans, ultrasound, or CT scans—
without violating privacy laws or breaching patient confidentiality. As illustrated in Fig. 4: The process begins
with data acquisition, followed by systematic anonymization and validation steps, ensuring that all sensitive
information is securely masked before further analysis is conducted.
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Furthermore, in situations where large-scale health data is aggregated for research or diagnostic
purposes, identity-hiding techniques can ensure that no personally identifiable information is included in
datasets, thus enabling the use of real-world health data while protecting patients’ privacy. Such applications
would foster trust in digital healthcare systems, ensuring that patient information remains secure while still
enabling the healthcare system to leverage visual perception technologies for improved patient care.

3.4 Privacy in Smart Cities and Public Spaces

Smart citie are transforming the way urban environments are managed, making use of sensors, cameras,
and data analytics to optimize everything from traffic flow and energy use to public safety [38] and
environmental monitoring. As the technology underlying smart cities becomes more advanced [39,40], vast
amounts of visual and sensor data are collected in real-time, often from public spaces. While this data
helps improve urban efliciency;, it also introduces significant privacy risks, as personal identity data may be
inadvertently captured in public areas.

Identity-hiding visual perception technologies offer a solution by ensuring that the data collected from
public spaces is anonymized or obfuscated, thus protecting citizens’ privacy while still allowing for the
analysis of valuable information. For example, a smart city surveillance system [41] might analyze crowd
density in real-time, detect traffic patterns, or identify potential hazards like abandoned vehicles [42], all
without recording individuals’ identities. By anonymizing data related to people’s faces or other identifiable
features, cities can still maintain a high level of security, operational efficiency, and public safety without
compromising the privacy of their residents.

Additionally, these identity-hiding systems could help mitigate concerns around government surveil-
lance and the growing presence of monitoring technologies in public spaces. By anonymizing data, cities
can balance the need for data-driven innovation with the protection of civil liberties, ensuring that personal
privacy is respected in an increasingly connected urban environment.

4 Challenges of Identity-Hiding Visual Perception

While identity-hiding visual perception offers significant opportunities for safeguarding privacy in
visual data collection systems, it also introduces several challenges. These challenges stem from the com-
plexity of implementing such technologies in real-world applications while ensuring that the systems remain
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functional, efficient, and ethically sound. As shown in Table 1, these challenges include technical complexity
and performance trade-offs, ethical dilemmas and trust issues, as well as balancing privacy with utility.

Table 1: Challenges and responses to privacy protection technologies

Challenge

Cause

Solution

Technical complexity and
performance trade-offs

Ethical dilemmas and trust
issues

Balancing privacy and utility

Anonymizing identity data can
reduce visual quality, affecting
recognition, detection, and
behavior analysis, while high
computational demands can
hinder real-time performance.
Could be misused to evade
responsibility, affecting public
safety; privacy measures may
reduce transparency and
accountability; public doubts
about system accuracy.
Anonymization may strip
essential details, impacting
fields like healthcare and
surveillance that need precise
data.

Use advanced anonymization
algorithms, such as deep
learning models with adjustable
privacy levels; optimize
resource management to
improve real-time processing.
Establish clear ethical guidelines
and usage restrictions; enhance
system transparency to improve
user understanding and trust.

Develop anonymization
techniques that retain essential
features, such as encryption or

partial obfuscation; optimize
anonymization strategies based
on context.

4.1 Technical Complexity and Performance Trade-offs

One of the primary challenges in developing identity-hiding visual perception systems lies in the tech-

nical complexity involved in anonymizing identity-related data without sacrificing the utility and accuracy
of the visual information. Identity-hiding techniques, such as blurring, pixelation, or face obfuscation [43],
are commonly used to mask identifiable features, but these techniques often compromise the quality of the
captured data. For instance, blurring faces in surveillance videos or pixelating identifying details may prevent
facial recognition, but it could also make it harder to track important events or accurately assess the behavior
of individuals, ultimately reducing the system’s effectiveness in detecting threats or understanding context.

In practical systems, identity-hiding methods generally fall into two categories: traditional visual
transformations and learning-based approaches. Traditional methods such as blurring and pixelation are
easy to implement and computationally lightweight, making them suitable for scenarios like public video
release or child image protection, where privacy requirements are high and visual detail can be sacrificed.
However, these methods often result in significant information loss and are insufficient for behavior analysis
or high-precision tasks. In contrast, learning-based approaches such as GAN-based face replacement aim to
preserve the visual realism of the scene while anonymizing identity-related regions. These are better suited
for privacy-sensitive scenarios like remote conferencing or social media avatars but pose challenges such as
high computational cost and the risk of generating synthetic faces that may be mistaken for real individuals,
raising ethical concerns.
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In more complex systems, such as autonomous vehicles or healthcare imaging [44,45], the challenge
is even greater. Autonomous systems require precise detection and real-time processing of environmental
information, including the identification of obstacles, pedestrians, and other vehicles. Anonymizing individ-
uals’ appearances without losing the ability to recognize objects or interpret complex visual data is a delicate
balancing act. Similarly, in healthcare applications where visual data is critical for diagnosis and treatment
planning, anonymizing certain features could inadvertently obscure key medical details or interfere with the
accurate identification of conditions. For instance, anonymizing faces or other identifiable features might
reduce the ability of doctors to track patient histories or accurately diagnose diseases.

Moreover, the computational demands of implementing identity-hiding techniques can significantly
affect the performance of visual perception systems, especially in real-time applications. Identity-hiding
technologies that involve advanced algorithms—such as differential privacy [46], adversarial machine
learning [47], or deep neural networks designed to mask identities—can be computationally intensive. These
systems may require significant processing power, leading to increased latency and slower response times.
In resource-constrained environments, such as autonomous drones or mobile devices, these computational
challenges can hinder the scalability and practical implementation of identity-hiding technologies.

4.2 Ethical Dilemmas and Trust Issues

While the potential for privacy protection through identity-hiding visual perception is significant, the
technology also introduces ethical concerns that must be carefully navigated. One of the most pressing ethical
dilemmas is the potential for abuse of anonymization techniques [48,49]. In certain contexts, the ability to
anonymize identity-related data could be exploited to evade accountability or responsibility, undermining
the overall effectiveness of the system. For example, in surveillance systems, the anonymization of faces could
be used to conceal the identities of individuals engaged in criminal activities or to obstruct law enforcement
efforts. This could lead to a loss of trust in the system and raise concerns about the integrity of the data being
collected. A potential mitigation strategy is the implementation of role-based de-anonymization protocols,
where authorized personnel under strict oversight can access original data for legitimate investigative
purposes, balancing privacy with accountability.

Additionally, while the anonymization of personal data protects privacy, it may also hinder efforts to
ensure transparency and accountability, especially in critical sectors such as law enforcement or healthcare
[50]. For instance, in healthcare, the ability to trace patients’ health progress over time is crucial for accurate
diagnosis and treatment. The use of identity-hiding techniques may complicate this task by obscuring
important medical information or hindering longitudinal tracking. This introduces a legal challenge in
balancing patient privacy with the need for effective healthcare delivery. One possible approach is to design
reversible anonymization mechanisms secured by encryption and strict access controls, enabling authorized
clinicians to access identifiable information when necessary while maintaining privacy protections.

Another significant concern is public trust, which is essential for the adoption and success of identity-
hiding technologies. Many users may be hesitant to trust such systems, particularly in high-stakes areas
such as healthcare, finance, or public safety [51]. The ability to anonymize visual data raises questions about
system accuracy and the potential for misinterpretation or false conclusions. For example, patients may
worry that anonymization could lead to medical errors or reduced quality of care. Similarly, in surveillance,
people may question whether obscured identities compromise the system’s ability to detect and respond to
threats. To address this, transparency is key. Clear communication about how the identity-hiding process
works, what data is anonymized, and what safeguards are in place to protect privacy is vital for maintaining
public confidence [52]. Furthermore, independent audits and certifications of identity-hiding technologies
can reinforce trust by validating their reliability and ethical compliance.
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4.3 Balancing Privacy and Utility

A significant challenge in developing identity-hiding visual perception systems is finding the optimal
balance between privacy protection and system utility. While identity-hiding technologies are designed to
anonymize personal data, they can sometimes restrict the functionality and effectiveness of the system. The
process of anonymization, by its nature, can remove or obscure valuable data that could be critical for the
task at hand, especially when high accuracy and detailed information are required.

For example, in healthcare, medical imaging technologies that rely on visual data—such as MRI scans,
X-rays, or even telemedicine video consultations [53]—often require the use of patient-specific information
to provide an accurate diagnosis or track health changes over time. Anonymizing patient faces or unique
features may inadvertently hinder the doctor’s ability to monitor specific conditions or provide personalized
treatment. The challenge here is ensuring that anonymization does not interfere with the system’s capacity
to detect critical medical information.

In security and surveillance applications, the need to track and identify individuals over time can conflict
with the goal of privacy protection [54]. For instance, in a public safety context, it may be necessary to
track certain individuals or groups across various locations to detect potential threats or patterns of criminal
activity. Anonymizing faces or identities could limit the system’s ability to recognize individuals consistently,
making it more difficult to monitor behavior or detect long-term threats. This trade-off between privacy and
utility is particularly pronounced when the systems are tasked with identifying specific patterns—such as
recognizing criminals or preventing terrorist activities [55]—where detailed visual data is essential.

The key challenge here lies in the system design. How can identity-hiding technologies be structured
to retain useful features—such as activity recognition, object detection, or context analysis—while removing
identifiable personal information [56] This requires careful consideration of both the specific application and
the context in which the technology is deployed. It also necessitates the development of more sophisticated
anonymization techniques that preserve the relevant details for tasks like behavior analysis or pattern
detection, while ensuring that no personally identifiable information is captured or processed.

5 Future Directions and Conclusion

The field of identity-hiding visual perception is poised to play a pivotal role in advancing privacy
protection while enabling the continued utility of visual technologies across a wide range of applications.
As concerns about privacy and data security continue to escalate in our increasingly digital and connected
world [57], the development of privacy-preserving technologies has never been more urgent. Identity-
hiding systems, which anonymize personal information in visual data without sacrificing its usefulness,
represent a promising solution. However, further research and development are necessary to overcome the
existing challenges and unlock the full potential of these systems. As illustrated in Fig. 5: Several Key Future
Directions for Identity-Hiding, future research focuses on enhancing anonymization algorithms, balancing
privacy and utility in machine learning, establishing ethical standards, and expanding industry applications.
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Figure 5: The future development direction of identity hiding technology

5.1 Severval Key Future Directions for Identity-Hiding

To advance the development and comparability of identity-hiding methods, it is essential to establish
a systematic evaluation framework. Existing studies commonly employ quantitative metrics such as Peak
Signal-to-Noise Ratio (PSNR) and Structural Similarity Index (SSIM) to assess visual fidelity, as well as
cosine similarity between face embeddings (e.g., using FaceNet or ArcFace) to measure residual identifia-
bility. In practical applications, a two-dimensional evaluation is often necessary: (1) the degree of privacy
achieved (i.e., how effectively identity has been removed), and (2) the preservation of downstream task
performance (e.g., object detection, action recognition). The development of standardized privacy-utility
benchmarks will be a crucial direction for future research to ensure both rigorous comparison and real-world
deployment viability.

One of the most critical areas of future research in identity-hiding visual perception lies in improving
the efficiency and effectiveness of anonymization algorithms. Current techniques [58] such as facial blurring
or pixelation can distort or degrade the quality of visual data, which in turn impacts system performance.
Future efforts should focus on developing more sophisticated anonymization methods that minimize the loss
of useful visual information while ensuring strong privacy protection. Techniques like generative adversarial
networks (GANSs) [59] or deep learning-based models for data obfuscation could be explored to create more
robust, dynamic systems that can anonymize identities without significant quality degradation.

Moreover, algorithms need to be designed with the capability to adapt to various real-world conditions,
such as different lighting environments, occlusions, and motion dynamics. These developments could allow
identity-hiding technologies to maintain high levels of accuracy, even in complex and fast-paced settings
like urban environments or crowded public spaces. Research into more efficient methods of real-time
processing, including edge computing or hardware acceleration, will be crucial for making these systems
scalable and practical for deployment in resource-constrained scenarios, such as on mobile devices or
autonomous vehicles.

5.2 Integration of Machine Learning Models for Privacy-Utility Balance

A promising future direction for identity-hiding visual perception is the integration of advanced
machine learning models [60] that can intelligently balance privacy protection with system utility. Deep
learning models, particularly those focused on unsupervised learning or reinforcement learning, could
enable systems to automatically adjust the level of anonymization based on the context and requirements
of the specific application. For example, a surveillance system could dynamically adjust the level of facial
obfuscation depending on the security risk or the need for long-term tracking.

Despite the rapid development of identity-hiding algorithms, several practical challenges remain
unresolved. For instance, deep learning-based anonymization models—such as GANs or privacy-aware
transformers—often require high computational resources and large-scale training data, making them
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unsuitable for real-time applications on edge devices or embedded systems. Moreover, these methods may
lack generalizability across different environmental conditions (e.g., lighting, occlusion, motion blur), which
limits their robustness. Future work should therefore explore lightweight architectures, model pruning, and
hardware-aware optimization strategies to reduce inference latency while preserving privacy guarantees. In
addition, an important direction is the development of context-aware anonymization systems, capable of
adjusting the level of identity masking dynamically based on application needs, such as prioritizing facial
detail in healthcare versus stronger obfuscation in public surveillance.

Emerging privacy-preserving technologies are reshaping identity-hiding visual perception systems,
offering new ways to balance utility and confidentiality. Federated Learning (FL) enables decentralized
training across distributed edge devices without transmitting raw visual data, making it ideal for privacy-
sensitive applications like cross-camera surveillance and multi-institutional healthcare diagnostics. By
keeping data local, FL supports data sovereignty and regulatory compliance. In parallel, Machine Unlearning
(MU) addresses ethical and legal concerns by allowing trained models to selectively forget specific user
data, supporting consent withdrawal and data revocation. Furthermore, homomorphic encryption facilitates
secure visual analytics by allowing computations on encrypted data, reducing exposure risks in remote
diagnosis or telehealth scenarios. While these techniques are promising, they remain in early stages and face
challenges such as computational overhead, scalability, and integration into real-time systems. Nonetheless,
they are poised to play a pivotal role in building adaptive, accountable, and privacy-compliant visual
perception frameworks.

5.3 Transparent Regulatory Frameworks and Ethical Considerations

As identity-hiding visual perception systems continue to evolve, there will be an increasing need for
transparent regulatory frameworks that govern their ethical use. The introduction of these technologies into
sensitive areas such as surveillance, healthcare, and public spaces requires clear guidelines to prevent misuse
and ensure accountability. Governments, regulatory bodies, and industry leaders must collaborate to develop
policies [61] that outline the appropriate use of these technologies while also safeguarding individuals’ rights
to privacy.

Ethical considerations will also play a central role in the future development of identity-hiding
systems. It will be crucial to ensure that anonymization techniques do not undermine the accountability or
transparency required in critical sectors, such as law enforcement or healthcare. Striking a balance between
privacy protection and the ability to track, audit, or monitor activities in these sectors will require ongoing
discussion and careful policy-making. Ensuring that individuals are informed about how their data is being
used and protected will be essential for building public trust in these technologies.

At present, there is no unified international standard governing identity-hiding technologies in visual
perception systems. However, several influential regulatory frameworks offer important guidance. For
example, the General Data Protection Regulation (GDPR) in the European Union mandates that personally
identifiable information (PII), including biometric data such as facial features, must be either explicitly
consented to or effectively anonymized. Similarly, the California Consumer Privacy Act (CCPA) and China’s
Personal Information Protection Law (PIPL) impose strict controls on the collection, processing, and sharing
of biometric visual data. In this context, identity-hiding techniques must adhere to principles such as
data minimization, transparency, and accountability. Future systems should therefore implement auditable
anonymization processes, support user opt-out mechanisms, and prioritize on-device or edge processing to
reduce centralized data risks and improve compliance.



J Inf Hiding Priv Prot. 2025;7 57

5.4 Expansion of Use Cases across Industries

As the underlying technologies advance, the use cases for identity-hiding visual perception will continue
to expand. In the realm of smart cities [62], where surveillance and data collection are integral to managing
urban infrastructure, privacy concerns are paramount. Identity-hiding visual perception could enable cities
to monitor traffic flow, detect accidents, or improve public safety without exposing the personal identities of
citizens. Cities could leverage anonymized data to improve urban planning, enhance security protocols, and
create more livable environments, all while protecting citizens’ privacy rights.

In healthcare, where the use of visual data for diagnostics, remote consultations, and patient monitoring
[63] is on the rise, the need for privacy-preserving techniques is essential. Identity-hiding visual perception
could allow healthcare professionals to work with sensitive data—such as medical images or video feeds
from patient interactions—without risking the exposure of personal information. This would facilitate
the use of telemedicine, automated diagnostics, and AI-driven health monitoring systems, while ensuring
patient confidentiality.

Autonomous vehicles are another area where identity-hiding technologies could play a transformative
role [64]. These vehicles rely on visual perception for navigation and interaction with the environment. By
incorporating identity-hiding systems, autonomous vehicles could avoid capturing or processing personal
data, ensuring that privacy is maintained even in scenarios where sensitive visual data is being collected,
such as pedestrians, passengers, or individuals in nearby vehicles.

6 Conclusion

The development of identity-hiding visual perception technologies presents an exciting opportunity
to address privacy concerns while enabling the continued use of powerful visual data systems. However,
the challenges—ranging from technical limitations and ethical concerns to balancing privacy with system
utility—must be carefully navigated. Ensuring that identity-hiding technologies can effectively anonymize
personal data without compromising the functionality or accuracy of the system is a complex and ongo-
ing task. Additionally, building trust in these technologies and addressing public concerns about their
potential misuse will be critical for their successful adoption. Through continuous research and thoughtful
implementation, it is possible to create identity-hiding systems that provide both privacy protection and
functional utility, allowing for responsible and ethical use of visual perception technologies in a wide range
of applications.
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