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Abstract: The integration of artificial intelligence (Al) into autonomous
systems has led to significant advancements across industries but has
also raised critical concerns regarding data privacy. These systems,
reliant on vast amounts of personal data for decision-making, present
unique challenges due to their complexity and lack of transparency. This
paper explores the implications of Al on data privacy, focusing on the
ethical, legal, and technological measures necessary to safeguard
personal information. Al operates by mimicking human cognitive
functions, utilizing machine learning and neural networks to analyse data
patterns and execute autonomous decisions. However, its reliance on
personal data introduces privacy risks, such as unauthorized data
collection, breaches, and potential misuse. This paper emphasizes the
importance of fostering user trust by integrating robust privacy measures
and ensuring informed consent in data processing. It advocates for the
application of principles like transparency, accountability, and ethical
governance to mitigate risks. The study also delves into the regulatory
landscape, highlighting frameworks like the European Union’s General
Data Protection Regulation (GDPR) as benchmarks for global data
protection standards. Challenges arise from the need to balance
innovation with privacy compliance, especially given the diverse and
evolving legal requirements across jurisdictions. Ethical considerations,
including addressing bias and discrimination in Al algorithms, are
explored to ensure equitable outcomes and prevent the exacerbation of
societal inequalities. Technological solutions, such as anonymization,
pseudonymization, and secure multi-party computation (SMPC), are
presented as effective tools for preserving data privacy. Anonymization
and pseudonymization techniques reduce re-identification risks, while
SMPC enables collaborative data analysis without compromising
confidentiality. These approaches underscore the necessity of proactive
privacy-by-design methodologies during Al development. The paper
includes case studies that illustrate successful implementations of data
privacy measures and lessons learned from past failures. Key findings
emphasize the need for continuous innovation, stakeholder collaboration,
and adherence to ethical guidelines to maintain user trust and compliance
with legal standards. Emerging trends, such as privacy-preserving Al
technologies and advancements in block chain and IoT, further highlight
the dynamic nature of this field. In conclusion, the paper advocates for a
holistic approach to Al and data privacy, integrating technical
safeguards, ethical principles, and robust governance frameworks.
Organizations are encouraged to adopt practices that prioritize
transparency, user consent, and security while fostering a culture of
privacy awareness. By aligning technological innovation with ethical
responsibility, stakeholders can ensure the sustainable development of
Al systems that respect individual privacy and societal values.

Keywords: Artificial Intelligence (AI), Data Privacy, Autonomous
Systems, Ethical Al, Regulatory Frameworks

data. Nevertheless, Al systems’ reliance on personal data

1. Introduction to AI and Data Privacy

The rise of artificial intelligence (“Al”) systems has led
to widespread deployment in various applications,
including those that interact with and process personal

poses potential risk for those whom the data concerns,
warranting attention to data privacy safeguards. On the
other hand, as recent investment and innovation in Al
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systems bring various benefits, it is sensible to encourage
the development and use of these systems. Thus, a
balance might be struck between privacy protection and
the flourishing of AI systems. This article prescribes
various technical and policy recommendations to foster
this balance, considering the effectiveness of each
recommendation in contributing to protecting data
privacy from the risks Al systems can create. The
European Union’s General Data Protection Regulation is
referenced as she stands at the forefront of regulatory
efforts to protect individuals’ personal data privacy.

Artificial intelligence (“AI”) technology, in which
machines are programmed to mimic cognitive functions
traditionally attributed to humans, is breaking ground in
a wide array of endeavors, from autonomous vehicles
and robots to financial analysis and medical diagnoses.
With growing reliance on algorithmic systems, Al
applications in society are expected to expand more
deeply than ever before. Whereas traditional computer
systems require humans to write directions on the basis
of predefined rules, Al depends on the learning and
prediction of data patterns to provide feedback or make
autonomous decisions. Access to vast data sources
makes Al possible, with algorithms thus driving
development and contributing to the growth of the Al
industry. At the same time, Al systems, needing large
amounts of data, may pose privacy and security risks to
those whom the data concerns (Humerick, 2018).

1.1. Overview of Artificial Intelligence

Artificial Intelligence (AI) has been one of the most
trending topics since it was introduced in the digital
world. Al could be defined as a technology that enables
a program or system to mimic cognitive functions of
humans such as learning basic skills, making plans,
understanding natural language and responding in
different situations. Al is used by embedding some
instructions or procedures into a device or system so that
it can do activities automatically. Since its development,
it has been improved and an autonomous feature has been
added. The autonomous system is a self-supporting Al-
based system that has the capability to conduct tasks or
activities for some time without human involvement.

Al is a technology that is used to increase automation and
reduce the human task, but it is widely misused for
identifying and analyzing the data of the public or any
individual without permission. The misuse of Al in
collecting personal data for business purposes has
become a global concern due to the data privacy issue. In
connection with data privacy, most public and private
organizations do not give the assurance of safeguarding
the personal record that they collect. Beyond this, Al is
mostly implemented in the autonomous devices such as
drones and robots which can act independently according
to the terms and conditions. Accordingly, an autonomous
system was developed with respect to Al that can fly a
drone, find a specific object using a camera, and deliver
the parcels to the mentioned location.

This paper thus focuses on three main significant parts so
as to accomplish the goal regarding the autonomous
drone system developed according to Al: a literature

background, a design of an autonomous delivery drone
and data privacy assurance. A background of the
principles of Al, various study levels such as machine
learning and its methods used, deep learning, neural
network, the feature of autonomous system, comparison
between NAI and GAI, and an illustration of Al around
the digital global are given to understand the autonomous
system and its implications.

1.2. Importance of Data Privacy in Autonomous
Systems

Data privacy is of utmost importance in systems that
function autonomously by their own decision-making
mechanisms, as they inherently process personal
information, which can have significant implications for
individuals (Radanliev et al., 2024). Unlike traditional
systems that operate on the principle of if-then rules, the
decision making processes of autonomous systems are
frequently driven by complex artificial intelligence (AI)
algorithms that are challenging or impossible to fully
understand even by their creators. The lack of
transparency in the processing of personal data within
these “black box” systems poses a plethora of risks,
ranging from mild inconvenience to serious threats of
harm arising from data misuse and privacy breaches. To
feel comfortable when using Al-based technological
devices and services, the trust factor plays an essential
role in the user-system or user-device interaction.
Beyond mere respecting privacy rights, developers of
autonomous systems face a challenge in proving to
system users that their personal data are handled as
agreed, making it particularly important to receive
adequately informed user consent concerning the
handling of personal data. Taking into account that any
discovered abuse of personal data may result in lost trust
from the user-side, the careful treatment of personal data
is both an ethical and business imperative. In addition,
the question of responsibility in personal data
mishandling remains still open, emphasizing that the
ever-growing use of autonomous systems puts privacy
and personal data protection high on the research and
design agenda. It is strongly suspected that severe
sanctions will be applied if autonomous systems are
ordered to be stopped due to discovered privacy
violations. With time and although eventually solved, the
subsequent loss of confidence will affect not only certain
sectors of autonomous systems but will spread in a wider
context. It is therefore in the interest of the developers
and organizations that autonomous systems are designed
and treated to incorporate privacy protection in their
operations. The integrity of the autonomous systems, on
the other hand, directly depends on the trust of users,
owners or operators. Therefore, these systems must be
designed in a way that will allow users to have trust in
the systems, as well as confidence that they will not put
someone else in danger.

2. Legal and Ethical Frameworks

The development and deployment of advanced Al
systems raise significant challenges in relation to data
privacy and security. In response, a broad set of legally
binding regulations and ethical guidelines have been
established internationally to ensure the safeguards
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required for data protection. Businesses must be
compliant with the multitude of differing laws across the
jurisdictions they operate in whilst also respecting the
privacy considerations of their users and customers
(Korobenko et al.,, 2024). This aims to familiarize
professionals in Al development and data privacy
management with best practices and responsible
approaches to ensure that data is treated ethically in the
context of Al. The focus is on creating Al systems, such
as autonomous or semi-autonomous vehicles, that
process large amounts of personal data and that, due to
the nature of the system itself, cannot permit the
individual to withdraw their personal data, as collecting
this data is required for the basic operation of the system.

The objectives are rooted in the EU’s General Data
Protection Regulation (GDPR) with the
recommendations for broader applicability to other laws.
The development and deployment of Al should protect
the individual’s data, not using it in ways violating
privacy regulations, and the minimum data necessary
shall be used whilst preserving the efficient operation of
the developed Al system. Any individual data used by
the Al system should follow privacy notices clearly
stating to the individual the purpose of data processing
as well as the means of consent for processing means.
Privacy Impact Assessments should be in place and
easily accessible in view of any deployed Al system.
While utilizing personal data the Al should be able to
provide a clear audit trail, easily understandable by
individuals, explaining the methods, data used, and the
reasoning behind decisions with significant impact. This
explanation can potentially be augmented by a “hook,”
or accessory service, where the affected consumers can
get more insight into the decision-making process.
Plausible deniability of data-related decisions is however
not allowed. Strict compliance with the currently existing
or future privacy regulations is expected. Transfers to,
and processing of data in, territories where the privacy
protection level doesn’t match the GDPR is not
permitted.

2.1. International Regulations and Standards

The landscape of data privacy in the realm of Al is
developing and changing fast, with rules, regulations,
and standards being implemented internationally. These
guidelines establish the interaction of data privacy
standards, laws, and regulations with Al development
and utilization. An overview of the global and regional
regulations and standards that have the most direct
impacts on personal data issues in Al is provided,
illustrating the direct impacts of regulations on Al
development and technological advancements. This
exploration also presents various best practices adopted
worldwide in response to legal demands or policy-
making to ensure ethical Al development and use. These
guidelines are beneficial to regulators and policy-makers
at the international level, who have been discussing what
roles to play, as well as to organizations and individuals
working with Al technologies who are confronted with
the challenge of navigating and adapting to changing
landscapes (Radanliev et al., 2024). An ever-changing
landscape of rules, regulations, and standards exists
globally, regionally, and nationally. These regulations

and standards are designed to govern personal data issues
beyond Al technology, such as data procurement,
application, handling, retention storage, and so on. For
companies and entities adopting Al technology, with the
development of applications and the growth of the
technologies, they must adapt their ways of handling data
privacy issues to changing environments as regulations
evolve. Such data privacy related challenges are
aggravated by a diversity of regulations and standards
that can be found across countries or regions, with some
rules conflict, duplicate, confuse, or even appear
inapplicable regarding developing products (Korobenko
et al., 2024). One technical challenge for global suppliers
of Al service is data handling practice. Organizations are
required to implement the best protection of data
collected, stored, processed, and presented in the eye of
law enforcement agencies or in a court in some countries
when divulged. The second issue of data privacy
observed in Al development is forcing technology
suppliers to disclose their knowhow, crucial for market
competition. Fourth, intellectual property and client’s
trade secrets, or confidential data is not always clearly
delineated. Fifth, after a project is finished, an Al service
supplier must ensure that all the personal data received
from their client has been returned or has been deleted in
order to satisfy data privacy standards. It is crucial to
design solution strategies and evaluate Al products
proactively to anticipate, address and adapt to these ever-
evolving regulations. In this landscape, regulators and
policy-makers from all over the world started discussions
about which roles they should play in the utilization of
Al and data. There are also ongoing discussions among
those policy-makers trying to overcome the existing
disparities in order to avoid a technological laggard of
certain countries and sectors.

2.2. Ethical Considerations in AI and Data Privacy
Autonomous systems have the potential to gather an
immense amount of personal data, raising important
ethical considerations about privacy and data security
(Korobenko et al., 2024). There have been growing
concerns about how Al's deployment can violate data
privacy, posing threats to information such as
unauthorized data collection, use, sharing, and leaks.
While Al has the capabilities to process vast data, the
potential for privacy breaches is exacerbated. It is crucial
to emphasize the importance of ethical practices
regarding how Al processes and decisions are made.
Being the first of five, every deployment of Al
technologies must be guided by an ethical framework
ensuring that Al complements and represents ethical
values in decision-making processes, broadening
responsibilities for the consequences of algorithms.

Some of the main ethical and societal issues regarding Al
follow, including the need for Al systems designed to
protect consumers' data security and privacy. This aims
to provide a broad range of ethical and privacy issues that
need to be considered when deploying Al systems, in
particular, autonomous ones. As for Al, potential ethical
issues arise regarding the capture and analysis of data, in
which demographical categories such as ethnicity,
income level, gender, and age may be determined. The
possibility for Al to potentially exacerbate
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discrimination and inequality in minority and ethnic
communities becomes significantly enhanced. Yet, in
some instances, this issue is further emphasized with the
vulnerable population. Thereby, in this environment, it is
critical to take ethical considerations of data privacy,
monitoring technology, and decision-making quality of
Al operated autonomous systems. One also had to
mention the debate about data ownership and user rights.
On the one hand, data owners have the right to protect
their information from malicious entities; on the other
hand, data should be utilized to optimize the efficiency
of autonomous systems. In this perspective, ensuring
transparency and understanding of the Al controlling
processes to establish trust levels among operators and
data owners is essential. Ethical AI governance has
emerged as a mechanism directed towards the creation of
a safe, just, and transparent environment in Al industry.
Mitigating potential issues when deploying Al systems
is one of the purposes of formulating responsible
practices in Al governance. Thereby, it recommends that
national and local governments, firms, and technological
universities emphasize the integration of ethical
considerations in Al landscape in order to create a
meaningful, reliable autonomous environment.

3. Technological Solutions for Data Privacy

Data privacy is a growing concern with the increasing
ubiquity of AI applications. There is a negative
perception of data privacy due to Al’s influences on life
and work. Almost two-thirds of the UK feels that the use
of Al specifically requires a massive shift in the
mechanisms used to ensure data privacy and consent
(Radanliev et al., 2024). It is possible to leverage historic
legal actions and emerging technology solutions to
deliver a science based policy position on responsible Al
deployment and data privacy. Data referring to a specific
individual can be uncovered through data processing,
including analysis and transformation. There are several
technological solutions available, many of which have
been proposed before as a means of protecting personal
information. Anonymization and pseudonymization are
the two most common techniques for the de-
identification of personal data. They involve the removal
of personally identifiable information from datasets.
Anonymization goes further by generalizing and
suppressing individual data fields that can identify a
person. However, data in this processed state can still be
linked to other data to re-identify individuals, IP address,
or even data that is aggregated at a sufficient level.
Secure multi-party computation is a particular
contemporary technology that enables privacy-
preserving data analysis. It allows multiple parties to
jointly analyze their datasets without sharing these
datasets with each other. This mathematical procedure
enables the precise calculation and aggregation of results
of interests while the confidentiality of the raw data is
maintained. Secure multi-party computation is being
trialled in several real-world applications, including joint
training of Al models on secure data, making decisions
based on insights gathered from private data, and
integrating privacy-preserving analytics tools within
private platforms. These trials have shown effectiveness
in preserving privacy and pose the potential to transform
the way organizations carry out collaborative data usage.

Nevertheless, collaboration between industry, academic
researchers, and policymakers is required to maximise
efficacy and respond to the needs of the market.
Innovation within the technology sector will be
necessary to overcome emerging challenges such as
those posed by complex data types. Cybersecurity
authorities have encouraged the development of
technologies that can also be adopted by SMEs.

3.1. Anonymization and  Pseudonymization
Techniques

One of the most crucial methods for safeguarding
personal information is anonymization. This process is
the complete suppression of direct or indirect identifiers,
and its purpose is to prevent re-identification of data
subjects (Radanliev et al., 2024). The re-identification of
individuals may be carried out by one or more of several
methods — cross-matching multiple data sources, record-
linkage or correlating quasi-identifiers, such as date of
birth or age, with attribute values. Anonymization is an
irreversible process. However, de-anonymization is
often possible due to the inherent privacy issues of
destatisticized data. Nonetheless, anonymization is still
one of the most effective steps to protect personal data.
Pseudonymization is another technique to achieve a
higher level of privacy protection than basic
anonymization. A pseudonym is a substitute identifier
for direct or indirect personal information.
Pseudonymizing datasets is particularly beneficial when
there is a high risk associated with data processing, but
data functionality is still required. Pseudonymized data
can still be used and linked in a controlled manner.
Safeguarding the mapping database to avoid the ability
to reverse the process is critical here. The challenge with
both anonymization and pseudonymization is to carry
out the process effectively. Inadequate anonymization
can either lead to insufficient data protection or excessive
data protection that renders the data useless. Moreover,
the effectiveness of an anonymization process can
depend on the dataset that it is applied to. In many cases,
quasi-identifiers can be easily linked to external
databases to re-identify anonymized data. Some datasets
may not contain enough entropy to ensure that
individuals are not re-identifiable after basic processes.
Advanced approaches, such as noisy sampling, can also
negatively influence the quality of the data. The
challenge then is to develop effective anonymization
methods that are robust to data characteristics. A few
successful  applications of anonymization and
pseudonymization will be studied with case study
experiments.

3.2. Secure Multi-Party Computation

Secure Multi-Party Computation (SMPC) is a
fundamental technology for data privacy. In SMPC,
multiple parties collaborate to compute functions over
their inputs while keeping the inputs themselves private.
Although a number of secure function evaluation (SFE)
protocols have been proposed in the Cryptographic
literature to address the privacy concerns, very few have
been implemented and applied to practice. Data privacy
is one of the sensitive issues among corporations and
organizations (Du & J. Atallah, 2001). In some
occasions, however, it is necessary to share data with
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other organizations to achieve mutual benefits, such as
transaction matching, cross-marketing, monitoring
network intrusions, and analyzing market structures. In
such a case, the organizations involved may breach the
privacy agreement by releasing or deducing the sensitive
data. Secure multi-party computation systems are
designed to address the above mentioned conflict. The
primary goal of a secure multi-party computation system
is to enhance the confidentiality of data shared among
parties without sacrificing the efficiency of computation.
A secure computation problem is specified by a function
f and a set of n individuals, each holding a secret input
xi. The problem is to calculate m combinations gl, g2,
....,gmof f(x1, x2, ..., xn) in such a way that each party
knows only its own combination gi, but nothing more.
By implementing a GMW-like protocol, nine different
SMC problems have been executed as benchmarks. It is
possible to develop a wide variety of applications where
the companies desire to exploit shared data for mutual
benefit, however, the sensitivity of the data prevents its
release in the clear. Examples include payment-by-
results advertising, strategic alliances and tendered
procurement prices. In the eHealth industry, currently
competitive drug companies are breaking the deadlock
over the release of their aggregate data to the regulatory
authorities by adopting SMC (Durgesh Kumar Mishra et
al., 2009).

4. Challenges and Risks in Data Privacy

The headlines of data breaches have been in the news
with some regularity in recent years. A wide range of
high-profile companies have suffered data breaches
involving the personal information of millions of
individuals. While summaries often make the headlines,
these cases merely represent the tip of the iceberg in
terms of data breaches. Estimates suggest that over 5,000
data breaches occurred in 2018 alone (Korobenko et al.,
2024). The personal information collected by enterprises
is also the target of a wide range of cybersecurity threats.
The problems are only amplified by the fact that there
have been many existing Al-related systems in
automation, digitalization, and high performance
computing. The larger and more interconnected, the
more opportunities there are collecting, be it incidental
collection, targeted or intentional activities (Radanliev et
al., 2024). In fact, Al has been having an effect on
everyday life. They have changed the way people receive
information, improve the way in which the conversation
of some certain languages are translated, and affect the
way a choice is made in what they may purchase.

While on the one hand, technology is often used to gather
information on personal data, identity, and behavior.
Now with varying approaches and learning algorithms
being implemented, the possibility of some of these
information gets to be exploited by bad actors increases.
A large number of them are accountable for the
development of sophisticated systems due to solitary or
a mass research effect. Algorithms often show bias
against particular groups depending on the training data
they leverage. Over time, this bias may result in
discriminatory behavior. Bias and discrimination can be
introduced at several points within a machine learning
pipeline, and they develop at each stage if not known and

addressed. Machine learning models are trained over
data labeled by human expertise, so any bias reflecting
the human being’s wrong decisions can result in unjust
outcomes. A bad design of system and flawed heuristics
result in biased data representation used for the training
of a model which in turn leads to biased predictions.
More complex models are likely to take full advantage of
patterns present in data. Any bias will result in a
discriminatory behavior being more difficult to detect.
Bias and discrimination do not only impact those directly
affected but may have a negative effect on wider
populations as a whole. A prejudiced autonomous system
would be untrusted and its use avoided. This is a
significant drawback as the benefits brought by such
systems are at risk and not properly achieved.

4.1. Data Breaches and Cybersecurity Threats

The security of personal information is under threat from
multiple sources, from cyber criminals and state actors to
sophisticated hackers and unscrupulous data brokers.
Indeed, data breaches and cybersecurity threats are
considered one of the biggest risks to data privacy. A data
breach occurs when personal data is unintentionally or
unlawfully stolen, lost, accessed, destroyed, disclosed,
altered or used. It can arise from hacking or negligence,
and be committed by outsiders or insiders (i.e. employees
or contractors). Data breaches are often highly damaging
to organisations. The financial loss in some cases can
result in bankruptcy, while future investments and
employment may be discouraged. Moreover, the
reputation of an organisation can also be destroyed by a
data breach, taking years if not decades to rebuild it. In
recent years, numerous high-profile data breaches have
come to light, such as the ones affecting British Airways,
Cambridge Analytica, Facebook, Marriott and
MyFitnessPal to name but a few. These have been
committed by a variety of actors, from serial hackers, to
foreign government agents, to rogue employees
(Radanliev et al., 2024).

To protect against data breaches, organisations should
ensure access to personal data is restricted, and data is
encrypted both at rest and in transit. Furthermore, data
breaches should be tackled in real-time in order to limit
damage. In particular, early detection is essential. To this
end, it is imperative to conduct continuous risk
assessment of all IT systems while developing and
maintaining ongoing incident response plans. Given the
rapidly-evolving nature of the threat landscape, it is also
essential to continuously improve cybersecurity
practices in order to stay ahead of the game (Murdoch,
2021).

4.2. Bias and Discrimination in AI Systems

Artificial Intelligence (AI) systems increasingly sift
through mountains of data to carry out important
decisions that affect peoples’ lives. Yet, fundamental
questions about accountability, fairness, and bias in these
often-opaque systems have yet to be fully addressed.
With the astonishing growth in the field of Al, many
governments have realized the opportunity to harness the
enormous potential of Al for economic development and
delivery of public services. However, with the spread of
Machine Learning and smart systems, the question
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surrounding the moral values of these smart systems
have continuously emerged. In this context, the
increasing use of Al in so-called “black box systems” has
worried civil society actors and labor unions. Identifying
the factors that contribute to explain ethical decisions in
Al technology is the main challenge addressed in this
paper. As an illustrative case study, the focus is on the
Italian Agency system that automatically assigns
unemployment benefits to workers, a world first. Action
to erase bias and guarantee fairness in widespread Al
technology supporting labor market has worldwide,
epochal importance. Copyright restrictions are in fact
preventing the reuse of data and models, and as such
hindering the trustworthiness of the resulting Al tools. At
the same time, the focus on public sector decision-
making is one of the most advanced parts of the
international debate. Finally, the participation paths to
approve the model in open-source regime may represent
a roadmap other governments could follow to guarantee
fairness in Data-Driven Governance systems. The
continuous monitoring of the implemented path will in
turn allow to better understand what Al can learn from a
practice located at the vanguard worldwide and what
design is required in order to better democratize it across
different countries.

5. Case Studies and Best Practices

This section introduces case studies analyzing how
diverse organizations implement data privacy measures
in Al systems. Mainly successful examples are
showcased, but failure cases are also dwelt upon in order
to draw evidence-based lessons both on what to do and
what to avoid. Examined key cases evidence that in order
to reach the highest efficiency while designing and
implementing data privacy measures for Al systems,
both continuous improvement and a holistic approach
covering a gradual set of methodological
recommendations are essential. Real-world experiences
are provided to evidence that complex data privacy
requirements in Al systems cannot be efficiently
addressed in isolation. Thus, there is a growing need for
collaboration on cross-cutting topics between diverse
stakeholders via the sharing of innovative and tested
solutions. Al systems are machines, or collections of
machines that, while potentially unaligned with human
values as they are currently designed, can and do act in
the world in a way that affects states of the world or
views of the world that are consequential to value
alignments, and operate autonomously, in the sense that
their actions are difficult to anticipate, govern or attribute
quasi-formal intelligence. Four Al system types are of
concern in different ways. For mainstream deployment,
there is a wide variety of more or less autonomous Al
systems, from ‘simple’ feedforward neural networks
through to very complex multi-agent systems. However,
there are more singular Al systems that will have
transformative effects on society, which are of the
greatest concern. There are also black box Al systems,
large or complex self-organizing systems in which goals
are increasingly hidden or irrelevant, and there are
‘dangerous’ Al systems, systems of Al replacement that
cannot be controlled. Skills decentralize such that 80%
of tasks typically performed by a human can be fully
automated and can enlist robotic Al to act as the second

officer, overseeing it with the final say. Rather than
thinking of specific careers, workers will use an
application that matches their skills with tasks in need of
automation on an as-needed basis. New roles may
emerge in three new job categories. Craftworkerswill
target tasks best performed with a personal touch and
human creativity, and this role may merge insights from
psychology and engineering to optimize usage of human-
Al-human loops. Careworkers will provide services in
areas that require empathy, trust, and social skills, and Al
companions may be used to predict end-user emotions
and help the caregiver produce appropriate reactions.
Finally, perception managers will address concerns
about deep fakes and other synthetic media falsehoods
by certifying the authenticity of content.

5.1. Successful Implementations of Data Privacy
Measures

A critical and timely topic is AI’s rapid advancement and
substantial implications for society. As Al becomes ever
more prevalent, questions of fairness, accountability, and
data privacy are moving to the forefront of the public
debate. What is the impact of Al on human rights and
privacy? What about the explainability and
interpretability of Al systems, especially in life-critical
scenarios? While the promises and concerns around Al
are ultimately intertwined, valuable insights can be found
at the interface between these opposing perspectives
(Radanliev et al., 2024). Furthermore, the entwined
nature of the emergence of Al must be understood
beyond the technical aspects, including the societal,
cultural, and legal ramifications of Al applications.

In response to these needs, a review is presented that
addresses these aspects. The review focuses on recently
voiced concerns and problems, including issues of data
privacy and the recommended solutions. What is the
future trend, and provocative questions that naturally
follow the discussion and the directions of Al research
are identified. AI’s resulting deep implications for
human rights, privacy and data protection, manipulation,
weaponization, the impact of technological dependence,
and the suggestions for tackling these challenges are also
discussed. This work can help to build a solid ground for
a healthy multi-stakeholder discussion and problem-
solving on the deployment of AI systems without
compromising human rights and privacy. The topic
proves to be complex, and features of presentation,
interpretation, fairness, and discernibility must take
precedence in the technical focus. Ultimately,
elucidating the Al-online content generation relationship
and more attention to data privacy, sensitivity, and
interpretability will still play an important role.

5.2. Lessons Learned from Data Privacy Failures

Advances in artificial intelligence (Al) are transforming
the way we live and work. Autonomous vehicles, drones,
and intelligent robots are no longer confined to the realm
of fantasy. They are becoming an everyday reality. Al
algorithms embedded in these systems enable them to
operate free of human control. These algorithms collect
a wealth of data when steering these systems, including
from sensors capturing their perceptions of the world.
However, this increasing data collection raises serious
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privacy concerns as personal and identifiable
information are often stored and processed.

Al systems pose unprecedented challenges to protecting
data privacy given their autonomy and opacity. These
make it difficult to assess the extent that personal
information might be involved in the computations. In
this context, organizations and individuals involved in
the development and deployment of Al systems must be
aware of the implications of their activities for personal
data protection and take all the necessary steps to
safeguard data privacy. This includes engaging in a
comprehensive risk assessment and adopting appropriate
mitigation measures. It also implies fostering a privacy-
aware culture and ensuring transparency and
accountability in the handling of data privacy. Public
authorities and agencies should also be proactive in
assessing the compatibility of Al activities with relevant
data protection law, keeping the broader context of data
privacy risks in mind.

6. Future Trends and Innovations

Artificial Intelligence (Al) is revolutionizing industries,
enabling applications such as autonomous vehicles and
smart cities. These Al systems, trained on vast amounts
of data, are raising concerns about data privacy.
Responding to these concerns are ongoing advances in
privacy-preserving Al technologies, which allow data to
be analysed to extract useful information while
maintaining privacy (Radanliev et al, 2024). A
noticeable engineering productivity gap indicates
regulators are struggling to keep pace with innovative Al
applications. Parallel work has developed PT-PALs that
provide regret guarantees assignment-wise. Four key
trends and interactions between them will affect the
datascape and consumer expectations. Technological
developments driving Al and innovative applications
themselves continue to expand and intensify, driven by
trends such as deep learning and the increase in
computational power. Evolving societal attitudes
towards privacy will further shape how technology is
developed, with ongoing debates over the balance
between data utility, protection, and commercialisation.
Technologies are facilitating an exponential growth of
data. More than half the data available today was
generated in the last 2 years, with data volumes expected
to continue doubling every 4 months. With the rapidly
growing datascape and increased data-sharing practices,
there are considerable challenges in effectively enforcing
data protection rules. Regulatory efforts to address the
escalating challenges of ensuring a high level of data
protection may notably vary. Conversely, the extent to
which such efforts are successful, and citizens are
satisfied with the way their rights are being upheld, is
likely to affect user trust in innovative Al applications.
Given a potential double-edged sword of Al-generated
misinformation, increased vulnerability to data breaches
in the current environment could negatively impact
stringent policies meant to fight the spread of illegal
behaviour, but also contribute to further galvanising the
ongoing debate on designing more stringent online-
content regulation.

Artificial Intelligence (AI) and Data Privacy are two

fields characterized by many technological and policy
advancements. Al has become central to innovation and
worldwide economic growth. In the face of rising data
misuse and novel technologies, data privacy has been
redefined over and over again. To improve our
understanding of the changing nature of data privacy in
Al, we trace key legislation on data privacy from the
1960s onwards. We review technical advances to
preserve, and threats to compromise, data privacy
brought about by Al. We propose to understand data
privacy as creating trustable expectations about how data
is handled privately, as its violations can cause societal
damages. This definition permits a broader exploration
of how data privacy evolves interfacing with
technological innovation but also under the scopes of
civil rights and economic policies.

6.1. Advancements in Privacy-Preserving Al
Technologies

In the wake of major Al advancements, user concern
about data privacy within autonomous systems continues
to mount. However, as Al proliferation increasingly
impacts users’ daily lives alongside their concerns
regarding privacy, safeguarding personal information is
critical in maintaining users’ trust in Al technologies
(Radanliev et al., 2024). Although issues pertaining to
data privacy currently represent a significant limitation
in Al deployment and operation, there is a marked
absence of research into these Al-related ethical
concerns. Broadly speaking, this subtopic focuses on an
examination of AI’s implications for data privacy and
details strategies to preserve personal information within
Al systems that can facilitate their ethical and
responsible deployment.

The burgeoning maturity of Al is inextricably associated
with a broad set of ethical issues, including data privacy
and security. It depends on empirical data collection both
to understand how Al affects different individuals in
different use contexts and to target the priority areas
where its assessment procedures can be enhanced in
order to analyse and subsequently mitigate the ethical
hazards of an Al application. As companies race to
collect, use, and monetize personal user data, Al methods
simultaneously aim to advance data security and privacy.
Recent research regarding privacy-preserving Al
methods that augment data security while concurrently
preserving the functional advantages that Al models
bring are discussed.

6.2. The Impact of Emerging Technologies on Data
Privacy

This section discusses the effects of Emerging
Technologies on Data Privacy. Innovation is a driving
source of technological advancements. These
advancements in technologies, while creating
opportunities to improve the security of personal data,
come with responsibilities in creating new strategies to
cope with the new vulnerabilities introduced by these
technologies. Blockchain, which introduces
decentralised management of data, is already being used
as a distributed ledger mechanism for data handling and
storage. The Internet of Things (IoT) is already
connecting devices that share data in order to increase the
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efficiency of a certain action. Artificial Intelligence (Al),
further empowers the capacity for data processing with
the generation of insights based on data, coming up with
decision-making based on data analysis. Current privacy
frameworks should be analysed to determine if they are
on par with the implications of these technologies or if
they need adjustments to fit and tackle these
implications. It is in the hands of policymakers to create
environments that will foster innovation, and at the same
time guarantee data protection standards are being met
for the citizens. Consumers have grown aware of
innovative mechanisms that support daily actions,
however, it is also perceived that these innovative
mechanisms are also invading their privacy. It is the duty
of the main stakeholders to collaborate towards the
adoption of a solution that offers assurances on the
privacy of personal data, whilst sheltering the benefits
that emerging technologies can offer globally. Public
bodies are encouraged to foster the adoption of these
mechanisms, as well as stimulate their generation and
development by way of financial support for relevant
research, to prevent the creation of monopolistic
mechanisms (Radanliev et al., 2024).

7. Conclusion and Recommendations

Autonomous systems are sophisticated and intelligent
systems involving a combination of different
technologies. Despite a potential exposure to information
breaches and leaks, the success and safety of autonomous
systems depend on the sharing of vast amounts of data
(all types, including personal and sensitive information)
with their environment. It is crucial to develop adequate
methods and tools to integrate robust data protection
mechanisms within these systems and assess their impact
on the overall system safety and performance. Such
methods have to consider global and multi-faceted
aspects of data privacy including compliance with legal
constraints and data sharing policies, the potential re-
identification and information leakage risk, as well as the
impact of data protection mechanisms, including
cryptographic techniques, on the system performance
and safety.

The conclusions stress on the necessity to develop a
balanced well-founded and constructive discussion
variety of stakeholders involved, based on a sound
understanding of the ethical implications of the current
and future technological progress of Al and the humane
handling of personal information. While Al offers the
promise of technologically driven solutions to some of
society’s foremost challenges, a robust Al also implies a
broader set of ethical, social, and political considerations.
Smart home devices and social media platforms are just
a few of many Al systems that have revolutionized the
manner in which personal data is collected, stored,
processed, and utilized (Radanliev et al., 2024). At the
same time, the information age brings ever more
disruptive yet concealed technologies to the surveillance
state. Clearly, the balancing act between technological
advancement and ethical responsibility is a central aspect
of the Al debate in general, and data privacy issues, in
particular. All sides need to be aware of the possibilities
and limitations offered by the technology. Both
developers and users need to have control over the forms

and formats in which the data is collected and stored
(Korobenko et al., 2024). It is crucial to implement
practices that favour both legal protection and political
accountability. First and foremost, there is a clear and
urgent need to endow the general public with a basic
comprehension of the potential and the risks associated
with the current state and the future developments of the
technology, fostering a culture of awareness and
responsibility. Additionally, it is also important to move
toward a shared understanding and consensus by
explaining the tools and measures put in place to protect
the personal data of its citizens and to collaborate with
other entities in order to address the discords and
ambiguities revealed by the most recent debate and,
finally, to promote genuinely constructive harmonization
at international level to foster the global landscape of
data privacy in Al, prioritizing technical and practical
guidance to ensure proactive data protection, whilst
safeguarding an equitable marketplace where the
economic and innovative chances are balanced.

7.1. Summary of Key Findings

In summary (Korobenko et al., 2024), this article
explores the diverse landscape of Al systems and data
privacy and delves into the growing number of measures
developed to ensure the ethical handling of personal data.
The objectives of this paper have been to: (a) gauge the
state of knowledge in ensuring data privacy within Al
systems; and (b) broaden current understanding by
exploring viewpoints that complement the findings from
a  systematic literature review. Given the
multidisciplinary nature of the field, the selected studies
analyze articles that focus on the intersection between
data privacy and Al from an ethical, technological, and
legal perspective. Findings from the study assess data
privacy in the context of Al development and
deployment, uncover a number of insights, and put
forward  considerations  for  broadening  the
understanding. As the integration of AI has started
transforming every aspect of privacy and security in
personal information, the need for holistic Ethical Al
frameworks designed for the Trusted Al lifecycle
emerges. The selected studies underscore the evolving
relationship between privacy and security considerations
in the domain of Al, highlighting several blind spots and
proposing several foundations towards the development
of Privacy and Security-Aware Framework for Ethical
Al It is found that the correlation between existing
components of the Ethical Al framework with privacy
considerations in Al systems such as data handling, data
bias, and impacts evaluation that currently evolves into a
data life-cycle model and implementation guidelines.

7.2. Guidelines for Ensuring Data Privacy in
Autonomous Systems

Autonomous systems providing services by interacting
with a person maintain large amounts of personal
information that might be disclosed in case of collision,
invalid conclusion, or augmented data error. Falling into
the wrong hands, this information can be misused.
Companies are encouraged to treat this information with
care and apply necessary measures to protect it. Thus,
data governance is considered one of the important
factors affecting the ethical behavior of autonomous
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systems (Korobenko et al., 2024).

Adopting certain best practices in data governance can
ensure that autonomous systems handle personal
information ethically. Here is a short overview of steps
for organizations to take that aim to ensure data privacy
in their autonomous systems:

1.

Transparency - Be open and honest with users about
how information is collected, used, stored and
shared by autonomous systems

User Consent - Automatically obtain explicit user
consent to collect, store, and process personal
information or any other information relating to the
user or identifiable as the user.

Ethical Data Handling - Treat personal information

and augmented data in a highly responsible and
ethical manner.
Robust Security Measures - Safeguard personal
information from unauthorized access by
implementing technical and organizational security
measures.
Regular Audits - Regularly conduct external and
internal compliance checks and data privacy audits.
A Culture of Privacy Awareness - Encourage
employees to build up a proactive culture of privacy
awareness and promote continuous education of
data privacy.

Stakeholder Collaboration - Catalyst sector-
specific dialogue among stakeholders and support
initiatives that develop and promote a more robust

personal information privacy framework for the
industry.
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