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Abstract

Emerging technologies such as artificial intelligence (Al), machine learning, and 5 G technology are
reshaping industries rapidly. This paper contains knowledge about some of the key emerging
technologies and their real-world applications in various sectors like health care, education,
agriculture, transportation, and finance. This includes some of the challenges and considerations
arising due to the widespread use of these emerging technologies. Also exploring the future directions
of adopting these technologies on a large scale. This study explores emerging technologies such as Al,
machine learning (ML), and 5G, focusing on their roles, innovations, and contributions across
engineering, science, and management. It highlights how these technologies are transforming real-
world systems by enabling smarter decision-making, automation, and enhanced connectivity. The study
emphasizes their growing importance in driving innovation, solving complex problems, and improving
operational efficiency across various domains. By examining their applications and impact, the paper
provides insights into how Al, ML, and 5G are shaping the future of technology and creating new
opportunities in both industry and academia.
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INTRODUCTION

Emerging technologies are rapidly growing in the early stages of adoption and have the potential to
reshape and transform industries. These new and innovative technologies significantly impact
economies and societies. They are in their early stages of adoption but have the potential to transform
existing systems and create entirely new markets in the upcoming years [1]. The 21st century has
witnessed rapid advancements in technologies such as artificial intelligence (Al), machine learning
(ML), and 5G technology. Al can help in many ways, such as in healthcare centers, diagnosing diseases,
saving lives, and improving patient health faster and more accurately than doctors can, leading to the
possibility of unemployment in this field in the future. Al systems such as IBM Watson have been
developed for healthcare purposes to help doctors. By understanding ML, we can determine how a
system can solve complex problems faster and more accurately [2].

The ramifications of the ongoing integration of these technologies into various industries are
significant, promoting an innovative, efficient, and sustainable future and ethical considerations, future
outlook, and directions [3]. However, their
evolution is unpredictable. The impact of these
technologies can be harmful to future generations.
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There are many disadvantages to these emerging
technologies, especially Al, which can be misused
to harm others. Emerging technologies are currently
being actively developed. This study explores vast
and continuously expanding emerging technologies
and their impact on industries, economies, societies,
and everyday life. ML is a complex process as it is
continuously changing, and many hit-and-trial
experiments are being performed [4].
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The rapidly growing Al helps in diagnostics, education, vehicle companies, and fraud detection. Al
is having challenges like data security issues, and Al is a great threat to unemployment [5]. ML is a
complex process that changes continuously, and many hit-and-trial experiments are being performed.
In addition, ML users face challenges such as poor quality of data, overfitting of training data, and
underfitting of training data. 5G technology is vulnerable to attacks; thus, users face privacy and security
issues with applications such as faster mobile internet and smart cities with interconnected infrastructure
[6]. These emerging technologies are reshaping and revolutionizing industries, exploring more
technologies, redefining human experiences, transforming global economies, changing societies, and
developing more advanced societies. This study shows how these emerging technologies contribute to
interdisciplinary innovations in engineering, science, and management.

Platforms powered by these technologies are being used in fraud detection, e-commerce, healthcare,
and many other fields. 5G technology helps people use more data at a faster rate, making
communication more rapid, downloading apps at a faster rate, and having many more applications in
the upcoming years. By understanding and exploring these emerging technologies, we can not only
shape a smarter and intelligent world but also have better future plans and careers and make better
decisions and sustainable development [7]. This study focuses on the trajectory of these technologies,
focusing on their future directions, real-world applications, challenges, and recommendations that
accompany them. This paper shows how these emerging technologies bridge the gap between
imagination and reality and influence everyday life, making it smoother. This study also examined their
impact across various domains and challenges. Figure 1 shows the integration of ML in the Farm-to-
Fork Ecosystem.

The world, as we know, is being redefined by emerging technologies that are opening up previously
unheard-of possibilities and drastically altering industries. In addition to simplifying processes, these
technologies, which include biotechnology, blockchain, Al, and the Internet of Things (IoT), are
spurring innovation in a variety of industries [8].
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Figure 1. Integration of machine learning in the farm-to-fork ecosystem for Industry 5.0.

Adopting these innovative solutions has become essential for preserving the competitive edge as the
digital revolution progresses. To address complicated problems and satisfy changing customer
demands, governments, corporations, and institutions are increasingly spending on these developments.
Emerging technologies have had an impact on a variety of industries. For example, telemedicine and
Al-powered diagnostics are transforming patient care in the healthcare industry, while biotechnology is
facilitating advances in medication development. Blockchain improves transaction security and
transparency in the financial industry. IoT and robotics are transforming manufacturing, opening the
door to more intelligent supply chains and increasing productivity. At the same time, climate issues are
being addressed by renewable energy alternatives, which have accelerated the transition to a more
sustainable future (Table 1).

© STM Journals 2025. All Rights Reserved 2



Journal of Telecommunication, Switching Systems and Networks

Volume 12,

Issue 3

ISSN: 2454-6372

Table 1. Overview of recent research on Al and emerging technologies across industries.

metaverse applications in

blockchain are shaping digital
ecosystems, particularly in the

References Focus area Summary Conclusion
/year

[9] Transforming Industries This paper explores Al adoption across | The paper concludes that Al has
through Al and Emerging various sectors, focusing on tourism, |immense potential to drive innovation,
Technologies. Focuses on Al |sustainability, ethics, and responsible  |optimize resource use, and foster
adoption across industries, | Al integration. It highlights sustainability across industries.
especially tourism, and its opportunities, challenges, and
role in sustainability and strategies for ethical Al adoption.
ethics.

[10] A World Economic Forum |A World Economic Forum white paper | This white paper emphasizes that Al
white paper analyzing Al- analyzing Al-driven innovation across |adoption is no longer optional but a
driven innovation across industries. It examines Al adoption necessity for industry transformation.
industries. Explores AI’s role | trends, automation, supply chain While Al investments are projected to
in automation, supply chain |optimization, and personalized grow significantly, many organizations
optimization, and customer experiences. The paper struggle to scale Al effectively. The
personalized customer discusses responsible Al deployment, |report highlights the need for strategic
experiences. Highlights future potential, and strategies for Al implementation, governance
responsible for Al scaling Al beyond experimentation. It |frameworks, and responsible
deployment and future highlights AI’s role in reshaping deployment to maximize Al’s
trends. business models and operational potential in reshaping business models

efficiency. and operational efficiency.

[11] Examine the impact of AI, | This research analyses key The study underscores the urgency for
robotics, nanotechnology, technologies such as Al robotics, industries to adapt to emerging
blockchain, and augmented |nanotechnology, blockchain, and technologies or risk obsolescence. It
reality. Focuses on augmented reality. It discusses their highlights Al robotics, IoT,
advancements in impact on manufacturing, supply nanotechnology, and blockchain as
manufacturing, logistics, and |chains, and business models. The study |key drivers of industrial
business models. Discusses |underscores the urgency for industries |transformation. The paper concludes
technological adoption to adapt to technological advancements |that integrating these innovations is
challenges and future or risk obsolescence. It provides imperative for companies seeking to
possibilities. insights into Al’s pattern recognition, |remain competitive, urging industries

robotics precision, [oT’s connectivity, |to embrace technological
and blockchain’s security applications. |advancements to navigate ongoing
industrial shifts.

[12] Advances in underwater This paper reviews the latest The paper concludes that
communication systems, developments in underwater advancements in underwater
including acoustic, optical, |communication, highlighting communication, including acoustic,
and electromagnetic wave challenges such as signal attenuation |optical, and quantum methods, are
technologies. and interference. It explores innovative |crucial for scientific research,

solutions like Al-driven signal environmental monitoring, and

processing and adaptive modulation security applications. It highlights the

techniques for improving data need for improved materials, sensor

transmission in marine environments. |networks, and machine learning
algorithms to enhance efficiency and
reliability.

[13] Sustainable energy solutions | The study examines the potential of The study emphasizes the potential of
through pavement-integrated | piezoelectric and thermoelectric piezoelectric, thermoelectric,
harvesting technologies. materials embedded in roads to electromagnetic, and solar energy

generate electricity from vehicular harvesting systems in pavement
movement. It discusses efficiency engineering. While these technologies
improvements, cost-effectiveness, and |offer sustainable energy solutions,
environmental benefits of integrating | challenges such as system integration
energy harvesting systems into urban  |and material durability remain. The
infrastructure. paper calls for further research to
optimize energy harvesting systems
for real-world applications and reduce
reliance on traditional energy sources.
[14] Al blockchain, and This research explores how Al and This paper concludes that Al,

blockchain, and the metaverse are
reshaping industries by enhancing
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business and social metaverse. It discusses the adoption of |efficiency, usability, and business
interactions. virtual reality, decentralized finance, |models. It highlights the importance of
and Al-driven automation, socio-technical readiness, ethical
emphasizing ethical considerations and |considerations, and regulatory
regulatory challenges. frameworks for responsible adoption.
The study underscores the
transformative potential of these
technologies in redefining economic
models and institutional practices.
[15] Al-driven digital This paper explores Al and ML as key |The paper concludes that Al and ML
transformation across drivers of digital transformation, are pivotal in driving digital
industries, including emphasizing their role in predictive transformation across industries. It
business, healthcare, and analytics, automation, and decision- emphasizes the need for integrating
governance. making. It discusses challenges such as |diverse data sources, deploying robust
data integration, ethical concerns, and | Al processing capabilities, and
regulatory frameworks while designing innovative applications for
highlighting AI’s disruptive potential |predictive analytics. The study
in reshaping socio-economic systems. |highlights the importance of ethical Al
adoption, regulatory frameworks, and
interdisciplinary collaboration to
ensure responsible implementation.
[16] Advancements in ML This collection of influential ML This collection of papers underscores
architecture, including vision | papers examines breakthroughs in deep |the rapid advancements in ML
transformers, large language |learning, generative Al, and computer |architecture, including vision
models, and multimodal Al. |vision. Topics include improving transformers, large language models,
vision transformers, understanding in- |multimodal, and Al research, and
context learning in large models, and | highlights AI’s growing capabilities in
developing multilingual Al systems. image recognition, speech processing,
Research highlights growing Al’s and generative Al It concludes that
capabilities in image recognition, continuous innovation in ML is
speech processing, and multimodal essential for improving model
applications. efficiency, scalability, and real-world
applicability.
LITERATURE REVIEW

Artificial Intelligence

Artificial Intelligence is a developing technology that creates computer systems that help perform
tasks more easily and faster, but requires human intelligence, such as learning, commanding, decision-
making, and many other operations. It can solve tasks and problems faster and more accurately than
humans can. This involves ML, natural language processing, coding, and deep learning. Al is already
changing in a number of industries, including entertainment, healthcare, and finance. Al is used in
healthcare to aid disease diagnosis and treatment plan customization [17]. This improves automated
trading and fraud detection in the financial industry. Examples of Al in action include recommendation
systems, virtual assistants, and self-driving cars. Al has enormous potential to spur innovation and
efficiency across industries. Although Al offers many advantages, it also raises moral questions such
as data privacy, judgment prejudice, and employment displacement. To optimize Al's advantages and
minimize the hazards of Al, careful development and application are essential. Al will influence the
future in ways that we are only starting to comprehend as it gets increasingly ingrained in daily life.
Additionally, Table 1 demonstrates an overview of Recent Research on Al and Emerging Technologies
Across Industries.

Real-World Applications
1. Transportation: Al has systems such as self-driving cars, developed by companies such as Tesla.
Autonomous vehicles developed by Waymo and Tesla depend on Al systems for navigation
purposes.
2. Finance: Al systems help to detect fraud in banking. It also helps with algorithmic trading and
customer service chatbots, such as ChatGPT.
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3. Healthcare: Al systems, such as IBM Watson, help doctors interpret results faster and more
accurately. It helps doctors diagnose diseases and save patients’ lives and health. Figure 2 shows
the key domains of Al

Machine Learning

Machine learning is a subset of Al that has applications in various fields. This enables the uncovering
of patterns hidden within the datasets. Allows the prediction of new data with programming for the task.
It is important to learn from the data and improve performance without explicit programming for each
task [18]. ML, a subfield of Al called machine learning, allows computers to learn from data and
enhance their functionality without the need for explicit programming. This entails applying algorithms
to find trends, forecast outcomes, and improve them in light of experience. ML models change
dynamically as they process new data, in contrast to traditional programming, which uses explicitly
specified rules.

Machine
Learning (ML)

Computer Robotics

Vision

Domains of
Artificial
Intelligence ff

Natural
Language
Processing
(NLP)

Expert
Systems

Reinforcement
Learning

Figure 2. Key domains of artificial intelligence.

Machine learning can be divided into three categories: supervised learning, which involves training
models on labelled data, unsupervised learning, which involves uncovering hidden patterns in unlabeled
data, and reinforcement learning, which involves training models through trial and error. Applications
include self-driving cars, medical diagnostics, fraud detection in banking, and recommendation systems
(like those used by Netflix or Amazon). Figure 3 illustrates the application of Machine Learning (ML).

Real-World Applications

1. Marketing and advertising: Data of users, such as their browsing history, helps with purchasing,
as this data reveals their purchasing behavior and therefore saves time and energy.

2. Retail: This can help in many ways, such as demand forecasting, dynamic pricing, customer
segmentation and targeting, self-checkout systems, and optimization of store layout.

3. Energy: Real-life examples of renewable energy forecasting, smart grid management, and
predictive maintenance. ML helps suppliers manage renewable energy sources and electricity
demand [19].

5G Technology

This is a fifth-generation cellular technology. It is designed to offer low latency, faster speed, and
improved flexibility for wireless services. It helps to fulfill the demands of current trends, which consist
of global connectivity and large growth in data [10].

© STM Journals 2025. All Rights Reserved 5



Emerging Technologies Reshaping Industries Gupta and Hassija

It will be the Post-Smartphone Era

5G has improved everything from gaming and streaming to industrial automation, with speeds up to
100 times faster than 4G and response times in milliseconds. Healthcare providers are enabling remote
surgeries, manufacturers are improving supply chains with real-time data, and [oT devices are becoming
more integrated than ever because of industries utilizing 5G to revolutionize operations. 5G networks
are paving the way for an era of lightning-fast connectivity as they spread worldwide, completely
changing how individuals and organizations use technology. Furthermore, Figure 4 shows the
applications of 5G mmWave in loT-driven smart industries.

Real-world Applications
1. Faster mobile internet: 5G technology increases data speed more than other technologies such
as 4G, 3G, 2G, and 1G. This reduces the delay in data transmission.
2. Surgery: 5G technology helps remote patients monitor themselves. Its high bandwidth facilitates
timely control during remote surgeries.
3. Internet of Things: 5G technology facilitates the connection of billions of devices and provides
applications such as industrial automation and remote healthcare.

Applications of Machine Learning

Healthcare Automobile Transportation

. . .
Manufacturing E-commerce Insurance

Figure 3. Machine learning application.

FIbCccoON

PERFECT WIRELESS EXPERIENCE

5G mmWave
in loT Applications

« ACPC

» C-V2X

» Industrial loT

« Smart manufacturing

Figure 4. Applications for 5G mmWave in loT-driven smart industries.

CHALLENGES
There are many benefits of emerging technologies such as AI, ML, and 5G technology, but there are
many drawbacks, harmful uses, and disadvantages. There is a need to learn about these challenges for
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self-awareness while using emerging technologies [12]. Figure 5 shows the intersection of research,
policy, and industry in terms of advancing educational technologies.

Emerging Technologies Have Several Challenges

Emerging technologies face several challenges, including data privacy concerns, ethical implications,
regulatory uncertainties, high implementation costs, and resistance to adoption. Rapid technological
evolution often outpaces policy development, creating governance gaps. Additionally, skill shortages
and infrastructure limitations hinder seamless integration into existing systems, especially in developing
regions and traditional sectors.

Privacy Problems

Al raises questions regarding privacy. The major problem of using Al is privacy concerns; for
example, people follow the Ghibli trend and send their pics to ChatGPT to transfer them into a trending
Ghibli style. There is a chance that ChatGPT misuses these pics, harming privacy. Cyberattacks can
threaten sensitive personal information [5].

Unemployment

It is a major concern of today’s generation that Al and ML can take their jobs in the upcoming years,
and the need for humans for technical jobs such as web development and solving coding problems is
reducing as Al is able to do so.

Environmental Impact
These emerging technologies have an impact on the environment. For example, energy is consumed
on a large scale, and carbon emissions disturb sustainable development.

Accessibility

Not everyone is technically developed and cannot access new technology, which often leads to
inequalities among people. In addition, these technologies are not accessible to everyone because of
cost issues and a lack of awareness and education.

Policy-Prioritized Research and Technology Development and

Development Research Transfer
Technology-assisted ‘ Fornp pne-size-fi_ts-all to
education research \ Z precision education .
Privacy-preserving education ,\ Apphe.d Al research in
research / ‘:'-\\ education
Pre-service + in-service e Education-oriented analytics
teachers’ education Polic Industry development )
Micro-credit education y Vocational education
reform change

!

Market-stimulating Legal and
Policy Frameworks

Privacy Protection
Data Protection

Neutralization of algorithmic bias
Market stimulation for educational
technologies

Figure 5. Intersection of research, policy, and industry in advancing educational technologies.
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Dependence on Technology
Overdependence on these technologies is a leading concern, as students are unable to use their own
brains and use these technologies for their work. This can make society vulnerable.

Future Outlook

Its future direction depends on how we fight these challenges and are able to make their correct use

otherwise, leading to many problems.

1. Sustainable technology development: Emerging technologies support sustainable technical
development by providing innovative solutions for optimizing the use of resources and helping
to face environmental challenges.

2. Technology access: The future outlook will have a great impact if there is equitable access to
technology by bridging the digital divide.

3. Collaboration: The future of emerging technologies can have a good outlook if there is
collaboration across various disciplines, such as law and ethics in engineering, management,
sociology, and many more [8].

Solutions to complex challenges can be explored if governments and industries work collaboratively
to conduct proper research and policies and achieve better innovation and investigation.

Interdisciplinary Innovations in Emerging Technologies in Engineering, Science, and
Management

It involves bringing together various techniques, procedures, and methods of various fields, such as
engineering, science, and management, to develop new solutions.

Healthcare
Together, bioengineering, computer science, and management help to develop advanced diagnostics
and healthcare systems.

Artificial Intelligence
Computer science, cognitive science, and mathematics together help in developing Al systems such
as generative Al and ChatGPT for better decision-making capabilities.

Sustainable Development
Combining material science, environmental science, and mechanical engineering helps in developing
environmentally friendly production processes.

CONCLUSION

Emerging technologies are reshaping industries through better decision-making, improving data
speeds and rates, improving connectivity, enhancing customer services and experience, improving
healthcare and manufacturing, especially in finance and retail, low latency and enhanced mobile
experiences, providing transparency and security and supply chain management, providing predictive
maintenance and small factories, and more flexible services and real-time data and monitoring. These
emerging technologies create new business models, such as in healthcare, IBM Watson, as well as in
manufacturing to finance, and retail, and are still actively developing. These technologies also provide
personal recommendations for e-commerce. Al and ML systems help precision farming in agriculture
and smart grids in energy. It is shaping industries by securing digital identities and helping manage
financial transactions. 5G technology helps in reshaping industries by providing applications such as
AR/VR, autonomous vehicles, and video streaming. It provides enhanced internet services for homes
and businesses and helps with remote surgery. These technologies are not efficient tools; they are
reshaping industries, societies, and economies. By addressing their challenges and navigating them, we
will determine the future outlook of these emerging technologies. Emerging technologies offer vast
potential for innovation in engineering, science, and management, but require responsible development.
Al, ML, and 5G technology require careful consideration of their ethical implications and potential
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consequences. Therefore, there is a need for responsible innovation, continued engagement, global
cooperation, adaptability and learning, and alignment with social needs. Interdisciplinary collaboration
and innovation are important requirements for harnessing technological revolutions.

However, these developments have also led to problems such as worker adaptation, data privacy, and

regulatory compliance. Societies may fully utilize the revolutionary potential of these technologies and
use them in a period of unparalleled prosperity and progress by carefully negotiating these obstacles.
There is hope for a better tomorrow on this thrilling and revolutionary path towards a technology-driven
world.
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