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Abstract:
Article Info Artificial Intelligence (Al) and the Internet of Things (IoT), as cornerstone technologies of the
Received 20 May 2025 Fourth Industrial Revolution, are reshaping industries, economies, and societies. This article
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Available online 01 June 2025 explores the role of foresight in guiding the development of these technologies through 2050.

Using trend analysis, scenario planning, and insights from authoritative reports, the study
provides predictions for the short-term (2025-2030), medium-term (2030-2040), and long-term
Keywords: (2040-2050) horizons. The findings suggest that foresight, through tools such as trend analysis
and scenario planning, enables researchers and policymakers to ensure sustainable and ethical

For?s_'g_’ht' ) development by identifying opportunities and challenges such as cybersecurity, privacy, and
Artificial Intelligence; ethical concerns. Case studies in healthcare and smart cities illustrate the practical applications
Internet of Things; of AloT (Artificial Intelligence of Things). The article also examines the role of Multi-Agent
AloT: Systems (MAS) in the future of AloT, emphasizing the need for strategic planning to address the

complexities of this technology. Additionally, we explore the emerging role of Multi-Agent

Multi-Agent Systems; Systems (MAS) in enhancing the coordination and efficiency of AloT systems.

Sustainability.
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1. INTRODUCTION undermine the benefits of AloT. Foresight, as an
) interdisciplinary approach, offers tools such as trend
The world stands on the cusp of a profound technological analysis, scenario planning, and the Delphi method to
transformation driven by Artificial Intelligence (Al) and the anticipate possible futures and devise strategies to navigate
Internet of Things (loT). Together, these technologies form them. This article investigates the role of foresight in
AloT (Artificial Intelligence of Things), creating intelligent guiding Al and 10T research through 2050. We provide
systems that redefine industries, from smart homes to predictions for short-term (2025-2030), medium-term
automated factories. Al, with its capabilities in machine (2030-2040), and long-term (2040—-2050) horizons, analyze
learning, natural language processing, and decision-making, opportunities and challenges, and present case studies in
combined with the 10T network of billions of connected healthcare and smart cities to demonstrate the practical
devices, allows applications ranging from autonomous applications of AloT. Additionally, we explore the
vehicles to real-time patient monitoring in hospitals. This emerging role of Multi-Agent Systems (MAS) in enhancing
convergence enables a future where technology is smart and the coordination and efficiency of AloT systems.

efficient. Rapid progress poses significant challenges.
Cybersecurity vulnerabilities, data privacy concerns,

algorithmic biases, and digital inequalities threaten to 2 RELATED WORK
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Numerous studies have explored the transformative
potential of Al and IoT. In the Second Machine Age,
Brynjolfsson and McAfee [1] argue that Al can significantly
enhance productivity but may disrupt traditional
employment structures. In a McKinsey study, Chui et al. [2],
identify sectors where automation could replace human
labor, emphasizing the need for strategic planning to
manage workforce transitions. In the loT domain, Ashton
[3] introduced the concept as a network of internet-
connected objects, which has expanded to applications in
smart homes, transportation, and industrial systems. Shi et
al. [4] highlight the role of edge computing in 10T, which
processes data near its source to reduce latency and improve
efficiency. The integration of Al and loT, termed AloT,
results in systems capable of perceiving, learning, and
making real-time decisions. Multi-Agent Systems (MAS)
are gaining prominence as a critical component of AloT.
MAS involve intelligent agents collaborating or competing
to achieve collective goals, such as coordinating devices in
smart cities or managing industrial processes [5]. Foresight
provides a framework for anticipating and shaping these
developments. Glenn [6] introduces tools like trend
analysis, scenario planning, and the Delphi method to
explore possible futures. Reports from authoritative
institutions such as Gartner [7], IDC [8], and McKinsey [9]
underscore AloT’s growing economic impact but warn of
persistent challenges, including cybersecurity,
standardization, and ethical considerations. For instance,
Gartner predicts that by 2026, over 80% of organizations
will adopt generative Al APIs, while IDC emphasizes the
expansion of edge infrastructure for 10T [7], [8].

3. METHODOLOGY

This study adopts an integrated foresight approach
comprising the following components:

» Trend Analysis: Authoritative reports from Gartner,
IDC, McKinsey, and other sources were analyzed to
identify current trends and forecast future developments in
AloT.

« Scenario Planning: Optimistic (a smart, ethical world)
and pessimistic (a world dominated by tech giants)
scenarios were developed to explore possible futures.

« Literature Review: Scholarly articles from databases

such as Scopus and IEEE Xplore, alongside industry
reports, were reviewed to identify research gaps,
particularly in ethical Al, 10T security, and Multi-Agent
Systems.

» Case Studies: Practical applications of AloT in
healthcare and smart cities were examined to illustrate real-
world impacts and validate theoretical predictions. This
multifaceted approach ensures a comprehensive, evidence-
based analysis of AloT’s trajectory.

4, RESULTS AND ANALYSIS
4.1. Short-Term Predictions (2025-2030)

By 2030, the AloT market is projected to grow from
$18.37 billion in 2024 to $79.13 billion, with a compound
annual growth rate (CAGR) of 27.6% [19]. This growth is
driven by the proliferation of 5G networks, advancements
in edge computing, and widespread adoption of smart
devices.

Key Trends:

* Edge Computing and 5G: 5G networks enable real-
time data transfer for applications such as autonomous
vehicles and remote robotic surgeries, while edge
computing reduces latency by processing data near its
source [20].

» Generative Al: By 2026, over 80% of organizations
are expected to use generative Al APIs for content
creation, advertising, and customer service automation

[7].

« Smart Cities: Cities like Singapore and Barcelona are
leveraging AloT to optimize traffic flow, energy
consumption, and public safety [21].

4.2. Medium-Term Predictions (2030-2040)

By 2040, AloT will become deeply integrated into
industries and daily life, with technologies currently in
experimental stages becoming standard.

Key Trends:

¢ Autonomous Systems: Fully autonomous fleets will

dominate transportation and logistics, with AloT
facilitating  vehicle-to-vehicle  and  vehicle-to-
infrastructure communication [17].

¢ Personalized Medicine: AloT-enabled wearable
devices will support continuous health monitoring and
tailored treatment plans [18].

¢ Industrial Automation: Factories will utilize AloT
for predictive maintenance, supply chain optimization,
and enhanced product quality [9].

4.3.Long-Term Predictions (2040-2050)

By 2050, AloT could fundamentally redefine society,
with  systems seamlessly integrated into human
environments and workflows.

Key Trends:

¢ Ambient Intelligence: Living and working spaces

will automatically adapt to human needs, such as
adjusting temperature or lighting based on behavioral
patterns [15].

¢ Brain-Machine Interfaces: Technologies like
Neuralink will enable direct communication between
human brains and devices, revolutionizing learning and
interaction [16].

« Sustainability with AIoT: AloT will play a critical
role in managing natural resources, reducing pollution,
and preserving biodiversity [14].

4.4. Multi-Agent Systems in AloT

Multi-Agent Systems (MAS) consist of intelligent
agents that interact to achieve collective objectives,
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making them ideal for managing complex loT networks
where centralized control is inefficient [5].

Current State: Current research focuses on developing

MAS for AloT, emphasizing device collaboration,
information sharing, and collective decision-making.
For instance, MAS can coordinate devices in smart
homes to optimize energy consumption or deliver
personalized services. In industrial settings, MAS
manages complex  production  processes by
synchronizing multiple machines and systems [22].

Future Predictions:

* By 2030, MAS is expected to be widely adopted in
AloT applications, including smart cities, healthcare,
and autonomous transportation. In smart cities, MAS
could efficiently manage traffic flow, energy
distribution, and public safety. MAS could coordinate
wearable devices, medical equipment, and service
providers in healthcare to deliver real-time,
personalized care [23].

* By 2050, MAS in AloT will reach advanced levels,
with intelligent agents capable of learning from each
other and autonomously adapting to new conditions.
This could lead to self-sustaining systems that perform
complex tasks with minimal human intervention, such
as managing urban ecosystems or sustainable energy
grids [24].

Challenges and Opportunities:

«Challenges: Security, privacy, standardization, and
scalability are significant barriers to MAS adoption in
AloT. Ensuring trust among agents and protecting
sensitive data in large-scale 10T networks remain
challenging [5].

e Opportunities: MAS can enhance efficiency,
decision-making, and service delivery across
domains. For example, in smart cities, MAS can
optimize resource allocation and improve quality of
life [22].

Table 1. Summary of AloT Predictions by 2050

Time Key Priority Key
Frame  Technologies Applications Challenges
Edge Al Smart homes,
2025 ' energy Cybersecurity,
5G/6G, o
2030 . management, standardization
TinyML .
transportation
2030- Adaptive Smart cities, smart  Privacy, social
2040 learning, XAl hospitals acceptance
Multi-agent Autonomous Biological
2040-  generative Al, digital ‘ogica
. f Lo sustainability,
2050 brain-machine  civilizations, smart .
- . ethical control
interfaces agriculture

5. CASE STUDIES
5.1.AloT in Healthcare

AloT is revolutionizing healthcare by enabling real-time
monitoring, predictive diagnostics, and personalized
treatments. Wearable devices, such as Apple Watches or

glucose monitors, collect vital data (e.g., heart rate, blood
sugar levels), which Al algorithms analyze to detect
anomalies. This facilitates early diagnosis and timely
interventions. For example, Apple Watches can detect atrial
fibrillation, alert users to seek medical attention and
potentially prevent heart attacks. In hospitals, AloT-enabled
smart beds monitor patient conditions and notify nurses
when intervention is required, reducing response times.
However, challenges such as data privacy and cybersecurity
are critical. Patients must trust that their sensitive
information is secure, and hospitals require robust systems
to prevent cyberattacks.

5.2. AloT in Smart Cities

Smart cities leverage AloT to enhance quality of life,
optimize resources, and improve public safety. In
Barcelona, smart parking systems use 10T sensors and Al
analytics to guide drivers to available parking spaces,
reducing traffic congestion and air pollution. Similarly,
smart waste management systems optimize collection
routes, lowering operational costs. Singapore exemplifies
AloT applications in traffic and energy management. The
Land Transport Authority employs Al to analyze traffic
patterns and adjust signal timings, alleviating congestion. In
energy management, 10T sensors monitor electricity
consumption in public housing, helping residents reduce
costs. However, concerns about privacy due to extensive
surveillance and the digital divide must be addressed, which
may exclude some residents from accessing these
technologies.

6. DISCUSSION

The predictions presented highlight  significant
opportunities and challenges for AloT. Technology has the
potential to improve productivity, improve service delivery,
and address global challenges such as climate change.
However, several issues require careful consideration:

Challenges:

* Cybersecurity: The proliferation of connected devices
increases the risk of cyberattacks. For example,
compromised smart home devices could expose personal
data [10].

* Privacy: Deep data analysis by Al algorithms can lead
to privacy breaches, particularly in areas such as urban
surveillance [11].

* Algorithmic Bias: Inaccurate or inadequately trained
datasets can result in discriminatory Al systems, such as
facial recognition technologies that overlook certain
demographic groups [12].

e Lack of Global Standards: Variations in
communication protocols and data regulations hinder
seamless AloT development and interoperability [13].

Opportunities:

* Economic Growth: AloT can foster new industries
and enhance productivity, driving economic expansion

[a].
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« Improved Quality of Life: From enhanced healthcare
to more efficient urban environments, AloT can
significantly improve daily living standards.

« Sustainability: AloT can contribute to environmental
conservation through intelligent resource management
[14].

Foresight plays a pivotal role in navigating these
challenges and capitalizing on opportunities. Scenario
planning enables the simulation of diverse future
outcomes, while trend analysis identifies critical
inflection points. This approach empowers policymakers
to design proactive regulatory frameworks and guides
researchers to focus on high-impact areas such as
Explainable Al (XAl) and cybersecurity.

7. RECOMMENDATIONS

To ensure the responsible development of AloT, the
following recommendations are proposed:

For Policymakers:

* Develop comprehensive regulatory frameworks to
safeguard data privacy and promote ethical Al use.

* Invest in education and training programs to build a
workforce skilled in Al, loT, and foresight
methodologies.

* Foster international collaboration to establish global
communication protocols and data security standards.

For Researchers:

* Prioritize the development of lightweight algorithms
(e.g., TinyML) and explainable Al (XAl) for sensitive
applications.

* Conduct interdisciplinary research that addresses the
social, legal, and environmental implications of AloT.

For Industry:

* Embed cybersecurity as a core component in the
design of AloT products and systems.

* Collaborate with academia and governments to
develop inclusive and sustainable technologies.

8. CONCLUSION

AloT holds immense potential to transform society,
offering solutions to pressing global challenges such as
climate change and inequality. Multi-Agent Systems will
play a crucial role in this transformation, enabling
advanced, autonomous systems that adapt dynamically to
changing environments. Foresight, through tools like
trend analysis and scenario planning, serves as a compass
to guide this complex journey. By anticipating trends,
preparing for challenges, and fostering collaboration
among researchers, policymakers, and industry
stakeholders, we can ensure that AloT develops in an
innovative, equitable, and sustainable manner. By 2050,

let us envision a world where technology serves the
collective good, benefiting all of humanity.
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