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Abstract—Artificial Intelligence (Al) is spearheading a
revolution across numerous industries, particularly in
the areas of Electronics and Telecommunication
(E&TC) and Mechanical Engineering, thereby
revolutionizing the engineering process as well as
business operational dynamics to a great extent. This
research paper provides a comprehensive overview of
the immense impact of Al technologies in the
disciplines. It demystifies real-world applications,
evaluates strengths, and discusses the challenges and
limitations encountered by engineers in applying Al.
The research concludes in a forward-looking analysis
of future trends and emphasizes the interdisciplinary
nature of Al in these disciplines. The objective of this
paper is to serve as a practical guide to researchers,
academicians, and industry practitioners and ease
their understanding and application of Al in these
areas of engineering.
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1. INTRODUCTION

Acrtificial Intelligence (Al) is a revolutionary
innovation in  contemporary  scientific and
technological fields, imitating human mental
processes and executing tasks such as reasoning,
learning, and decision-making. Al is the key
motivator behind automation, enhanced efficiency,
and innovative development in the fields of
Electronics and Telecommunication (E&TC) and
Mechanical Engineering. Al has revolutionized the
processes, tools, and competencies in these fields,
enhancing signal processing algorithms and
optimizing communication protocols in E&TC, and
facilitating predictive maintenance and smart
manufacturing processes becoming more
sophisticated in Mechanical Engineering.

1.1 Need for Research

The aim of this study is to counter the existing
absence of interdisciplinary studies on the
application of artificial intelligence in
traditional branches of engineering, to reveal
similarities and differences and potential
improvements. It highlights the necessity of
understanding artificial intelligence in hardware
and mechanical branches to generate flexibility
in research in engineering.

1.2 Objectives

This research considers the application of
artificial intelligence in Electronics and
Telecommunication Engineering and
Mechanical Engineering. It considers success
and failure, interdisciplinarity within different
fields, applications,  education, ethics,
technology, implications, and potential research
areas.

1.3 Methodology

This study uses qualitative and quantitative
analysis of whitepapers, academic papers,
industry reports, and case studies to compare
artificial intelligence use in E&TC and
Mechanical Engineering, using literature
mapping, thematic classification, and case-
based evaluation.
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Figure 1: An Al agent uses its goals, knowledge,
and algorithms to act on its environment and learn
from the results.
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1.4 Organization of the Manuscript
This paper consists of thirteen sections with
roughly the same headings. They denote the use
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of artificial intelligence in the Electronics and
Telecommunications fields, Mechanical
Engineering, general insights on comparison,
different fields, real world applications (e.g.
medicine, agriculture), educational and ethical
matters, up and coming technologies, future
directions and other references.

I. ARTIFICIAL INTELLIGENCE IN
ELECTRONICS AND TELECOMMUNICATION
(E&TC)

2.1 Al for Signal Processing

Signal processing is critical for functionality of
E&TC Al increases accuracy and efficiency As we
can see for instance a machine learning approach is
used where a convolutional neural network is used
for classification of audio signals through signal
processing and image classification. Another
machine learning model is the RNN known to be
used for time-series signal [1] [9].

2.2 Network Optimization and Communication
Systems

Communications networks are becoming more and
more Al-based to enhance performance, resiliency,
and efficiency. Al can also be used for dynamic
bandwidth-allocation, real-time fault mitigation, and
smart routing decisions in the 5th and above
generations in telecommunicating networks 5G, 6G,
and beyond. Resources allocated with machine
learning based techniques (commonly reinforcement
learning and deep learning) and interference
coordination schemes (e.g., intelligently selecting
the optimal interferers in resource competition) have
been already employed in telecommunications [2].

2.3 Modulation
Estimation

Recognition and  Channel

Automatic modulation classification (AMC) is a key
issue of communication systems and artificial
intelligence could be wused to increase the
classification performance. In particular, neural
networks and support vector machines classify
modulation schemes based on signal features and
avoid the need of human-dependent features [3].

Similarly, the development of Al has led to
significant enhancements in channel estimation
techniques as it learns the statistics of fading

channels and offers strong (robust) estimates (i.e
strong estimates) even in presence of noise.

2.4 Al in Internet of Things (10T)

E&TC is at the heart of loT device functionality,
while Al enables the devices to decide, compute
locally, and act on the world around them
intelligently. Edge Al reduces latency and
bandwidth usage by performing data processing at
the source.

2.5 Artificial Intelligence in Embedded Systems and
VLSI Design

In embedded systems, Al programs are integrated in
microcontrollers and FPGAs to offer intelligent
decision-making capabilities for real-time systems.
Al assists in optimizing layout, timing analysis, and
error detection in Very Large-Scale Integration
(VLSI) design.

These advancements lower the power consumption,
enhance processing rate, and enhance the
dependability of electronic devices.

2.6 Artificial Intelligence in Image and Video
Processing

Applications of Al-based image and video
processing include autonomous surveillance, facial
recognition, medical imaging, and augmented
reality. Deep learning techniques like CNNs
(Convolutional Neural Networks) and GANs
(Generative  Adversarial ~ Networks)  provide
improved performance in object detection, image
enhancement, and video summarization.

Artificial intelligence is employed in autonomous
drones to facilitate real-time object tracking and
navigation by processing video feeds.

2.7 Al in Medical Electronics and Biomedical
Applications

Al is embedded in E&TC equipment of medical
electronics for diagnosis, monitoring, and treatment
assistance. Al algorithms assist in the precise and
rapid interpretation of ECGs, EEGs, and imaging
scans[4].

2.8 Cyber Security and Al for E&TC

As the communication networks become
increasingly complex, the wuse of artificial

IJIRT 179435 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6618



© May 2025 | DIRT | Volume 11 Issue 12 | ISSN: 2349-6002

intelligence is unavoidable to identify and respond
to cyber-attacks. Machine learning methods are used
to identify anomalies, predict intrusions, and apply
adaptive security measures.

Al aids behavioural biometrics and encryption key
management in securing communications networks.

2.9 Challenges and Considerations

Despite its immense potential, Al in E&TC faces
several challenges:

Data privacy concerns. High computational
requirements. Complexity in integration with
traditional systems. Skill gaps in workforce

There are ongoing efforts to make light Al models
and enhance explainability and fairness in decision-
making.

2.10 Synopsis

Al is revolutionizing Electronics and
Telecommunication through enhanced system
smarts, responsiveness, and intelligence. From
signal processing to network optimization and
embedded system intelligence, Al provides new
opportunities for innovation. As Al technologies
evolve, their adoption in E&TC will keep on
revolutionizing the manner in which devices interact
with, process, and communicate with the world.

1. ARTIFICIAL INTELLIGENCE IN
MECHANICAL ENGINEERING

3.1 Predictive Maintenance and Fault Diagnosis

One of the most valuable applications of Al in
Mechanical Engineering is predictive maintenance.
By analysing data from sensors embedded in
machinery, Al models can predict failures before
they occur. This results in reduced downtime, cost
savings, and improved safety.

Machine learning algorithms analyse patterns in
vibration, temperature, sound, and other operational
metrics to detect anomalies. Support Vector
Machines (SVM), Artificial Neural Networks
(ANN), and Decision Trees are commonly used
algorithms. These models are trained on historical
failure data to predict future equipment issues with
high accuracy [5].

3.2 Intelligent Robotics and Automation

Robotics is a central component of Mechanical
Engineering, and Al is enhancing the intelligence
and autonomy of robots. Traditional industrial
robots followed fixed programs, but Al-driven
robots can adapt to changing environments,
collaborate with humans, and learn new tasks [10].

Reinforcement learning and computer vision are
particularly transformative. Robots equipped with
vision systems can identify parts, detect defects, and
navigate autonomously. Al is also used in
collaborative robots (cobots) that work safely
alongside human workers in assembly lines.

3.3 Generative Design and Optimization

Generative Design is an Al-powered approach that
mimics natural evolution to generate optimal design
solutions. Engineers input constraints such as
weight, strength, materials, and cost, and the Al
explores thousands of possible configurations to
propose the best designs.

This leads to innovative, lightweight, and cost-
effective components. The automotive and
aerospace industries are at the forefront of adopting
this technology.

3.4 Quality Control and Inspection

Al has transformed the way mechanical engineers
approach quality assurance. Machine vision systems
powered by Al algorithms can inspect products
faster and more accurately than human inspectors.
These systems detect surface defects, dimensional
inaccuracies, and assembly errors in real-time.

3.5 Al in Additive Manufacturing (3D Printing)

Additive manufacturing processes benefit from Al
in optimizing print parameters, reducing material
waste, and ensuring product integrity. Al algorithms
analyze real-time sensor data during printing to
detect anomalies and adjust parameters on the fly.

Al also assists in topology optimization, identifying
the most efficient geometrical configuration for
printed components while maintaining performance
requirements.

3.6 Human-Machine Collaboration and Smart
Systems

Al promotes seamless collaboration between
machines and human operators. Intelligent
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interfaces, haptic feedback systems, and voice-
command technologies enable intuitive control over
complex machinery. In smart factories, Al connects
various  subsystems for synchronized and
autonomous operations.

3.7 Environmental Impact and Sustainability

Al contributes to sustainable engineering practices
by optimizing energy consumption, reducing waste,
and improving resource efficiency. For instance,
HVAC systems controlled by Al adjust in real time
based on environmental data, reducing carbon
footprints.

3.8 Challenges and Considerations

Despite its potential, integrating Al in Mechanical
Engineering presents several challenges are Data
quality and availability. High implementation costs.
Resistance to adoption. Need for interdisciplinary
skills, Nevertheless, as Al tools become more
accessible, and as industries recognize their value,
these barriers are gradually being overcome.

3.9 Summary

Al is transforming the entire mechanical
engineering lifecycle—from conceptualization and
design to production and maintenance. Its ability to
learn, adapt, and optimize is leading to smarter,
safer, and more sustainable systems. Mechanical
engineers must now combine domain expertise with
data science and Al literacy to thrive in this new era.

IV. COMPARATIVE ANALYSIS OF Al IN E&TC
VS. MECHANICAL

4.1 Fundamental Core Functional Areas of Al
Integration

Al is utilized primarily in signal processing,
network  management, embedded  systems,
communication protocols, and cybersecurity in
E&TC. Al is used in predictive maintenance,
robotics, generative design, material science, and
quality control in Mechanical Engineering.

Domain Key Al Application
E&TC Signal processing, network
optimization, lot
Mechanical Robotics, predictive maintenance, Reinforcement Learning, Digital Twins
smart manufactunng

Table 1 : Key Application & Example Technologies

Example Technologies
CNNs, RNNs, Edge Al

4.2 Data Requirements and Infrastructure

Al in E&TC tends to work with high-frequency,
low-latency data like sensor outputs and real-time
communication signals. Therefore, edge computing
and low-power Al processors are essential.

In Mechanical Engineering, the sources of data are
production  analytics, thermal sensors, and
machinery logs. These sets of data are larger in size
and need huge preprocessing for Al models such as
supervised learning and unsupervised clustering.

4.3 System Complexity and Integration Issues

E&TC systems are closely coupled with embedded
software protocols and architectures, and hence Al
deployment is rendered difficult in such systems by
virtue of hard real-time requirements. Mechanical
systems have to contend with physical integration,
safety, and power efficiency.

Al in E&TC must deal with time-critical operations,
whereas in  Mechanical Engineering, physical
strength and flexibility are paramount.

4.4 Performance Measures

Performance indicators for Al in E&TC are
throughput, latency, and error rate. For Mechanical
Engineering, they are uptime, the cost of
maintenance reduction, energy efficiency, and
defect detection accuracy.

4.5 Human-Al Interaction

In E&TC, human-Al interaction is restricted after
deployment due to network and embedded system
automation.  Mechanical Engineering applies
human-machine interaction in production and
maintenance procedures, which requires explainable
Al and integration in ergonomics.

4.6 R&D and Innovation Focus

The R&D areas of interest in E&TC are low-latency
Al processing, 6G networks, and Al chipsets.
Mechanical Engineering, however, is more
interested in robotics, generative design tools, and
Al-based control systems of mechatronics.

4.7 Industry Adoption Trends

E&TC: Speedy integration of Al in
telecommunication networks (e.g., 5G base stations,
smart antennas)
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Mechanical: Extensive application in automobile,
aircraft, and manufacturing production industries

E&TC [ Mechanical Engincering

| Res

|- 1
Har Seamless

Table 2: Comparative Strengths and Weaknesses
4.8 Summary

While both E&TC and Mechanical Engineering are
highly dependent on Al, methodology, tools, and
means of use differ according to domain-specific
needs. E&TC is concerned with real-time data
processing and networked intelligence, while
Mechanical Engineering is concerned with physical
automation and intelligent diagnosis. It is worth
appreciating these distinctions in terms of
interdisciplinary collaboration and innovation.

V. ROLE OF Al IN INTERDISCIPLINARY
INTEGRATION

5.1 Mechatronics and Intelligent Systems

Mechatronics is the combination of mechanical
devices with electronic control modules. Al
algorithms improve mechatronic systems by
providing adaptive control, real-time decision-
making, and fault prediction. In industrial
automation.

5.2 Cyber-Physical Systems (CPS)

Cyber-Physical Systems integrate computational
intelligence with physical machinery. In CPS,
Mechanical Engineering supplies the physical
machinery, and E&TC supplies the communication
and signal processing infrastructure. Al is the
intelligence layer that interprets sensor data,
conditions mechanical activity, and achieves
system-wide optimization.

e.g., In autonomous cars, Al translates LIDAR
(E&TC) sensory information and initiates steering
and braking (Mechanical) movement in response
thereto.

5.3 Digital Twins

Digital twins are software embodiments of physical
systems used for simulation, monitoring, and
diagnostics. They are greatly dependent on Al for
the processing of sensor data to forecast faults and
simulate behaviour under varying conditions.

E&TC offers data acquisition through sensors and
networks. Mechanical Engineering gives physical
model dynamics. Al combines both to enable
predictive modelling and diagnostics.

5.4 Industrial 10T (10T)

Industrial Al-based loT platforms connect devices
and systems in manufacturing plants. The platforms
collect data from equipment, transmit it via
telecommunication protocols, and utilize Al to
process and optimize their functions.

5.5 Interdisciplinary Training and Education

Al's multidisciplinary uses are also changing
academic programs. Universities are introducing
coupled courses that incorporate mechanical and
electrical engineering with Al and data science.
Students are taught to design hybrid systems—such
as autonomous drones or robotic arms—that require
expertise from both fields.

5.6 Integrated Development Platforms

Existing development platforms (e.g., MATLAB,
Simulink, and LabVIEW) include integrated
simulation and artificial intelligence toolboxes that
can enable cross-domain engineering projects. The
platforms can enable engineers from different
backgrounds to collaborate and develop, test, and
enhance intelligent systems.

5.7 Synergies between Research and Innovation

Interdepartmental R&D projects between E&TC and
Mechanical Engineering departments are increasing.
The underlying theme of most such projects is Al,
which leads to innovations in sectors such as smart
healthcare devices, autonomous technologies, and
intelligent energy solutions.

5.8 Challenges in Interdisciplinary Integration

While Al facilitates integration, several challenges
persist: Communication lacunas between field
specialists. Scalable data models and heterogeneous
data formats. Absence of standardization of Al
deployment  frameworks.  Cross-training  the
engineers in both fields is essential.

5.9 Summary

Al is an innovation driver that marries E&TC and
Mechanical Engineering into intelligent, symbiotic
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systems. Intelligent factories, autonomous systems —
the combined force unleashed by Al continues to
raise the bar of innovation. Tackling the integration
challenges through interdisciplinary education and
cross-disciplinary research is the master key to
releasing the potential of Al in all fields of
engineering.

VI. CASE STUDIES FROM INDUSTRY

6.1 Case Study: Predictive Maintenance for
Automotive  Manufacturing, Company: BMW
Group

Implementation: Al-based robot arm and assembly
line predictive maintenance.

Impact: Reduced downtime by 25%. Maintenance
effectiveness was increased by 30%. Increased
equipment lifespan

6.2 Case Study: Al-based Telecom Network
Optimization, Company: Vodafone

Use: Dynamic network traffic optimization and
anomaly detection.

Impact: improved the data transmission rate by
20%. Real-time anomaly detection. Enhanced
network reliability.

6.3 Case Study: Generative Design in Aerospace
Engineering, Organization: Airbus

Application: Apply light structural components with
Al-generated generative design[6].

Impact: Less fuel consumption. , Improved design
innovation. Rapid prototyping.

6.4 Case Study: Al-Based Quality Inspection in
Electronics, Company: Foxconn

Application: Computer vision application for PCB
assembly line defect inspection.

Impact: Quality control efficiency increased. Human
inspection labour decreased. Defect rate declined
drastically.

6.5 Case Study: Artificial Intelligence-Based Energy
Management and Smart Grids, Company: Siemens

Application: Al implementation in intelligent energy
grids [7].

Impact: Energy wastage has been decreased by
18%. Improved grid resilience. The use of
renewable energy has grown.

6.6 Lessons from Case Studies

Structured, high-quality, and labelled data are the
building blocks of strong Al systems. Scalable
artificial  intelligence  systems need  robust
infrastructure and a modular design. Success at
integration is connected to employees' comfort and
experience with Al systems. All the firms followed
incremental deployment approaches, wherein they
continued to add feedback and retrain the models
repeatedly.

6.7 Summary

The above-industry examples illustrate the
revolutionary possibilities of artificial intelligence in
both Mechanical Engineering and Electronics and
Telecommunications (E&TC). They point towards
the possibilities of Al to enable much greater
operational efficiency, innovation, and
sustainability, if there is right data infrastructure,
domain knowledge, and strategic vision.

VII. ETHICAL, LEGAL, AND SOCIAL
IMPLICATIONS

7.1 Ethical Concerns Relating to Al Applications

Al technologies in E&TC could pose data privacy
and surveillance challenges for future use of sensors
and other loT devices if not mitigated with proper
policies and regulation. Despite a surge in the range
and capacity of sensor technology, Al applications
can still incorporate social biases and prejudice that
impact automated decision-making and customer
service. If machines ultimately become autonomous,
we need discussions about the issues of potential
loss of control of machines and transparency about
Al applications and their decisions, whereby
decisions made by Al applications could threaten
human life.

7.2 Legal Frameworks and Compliance Regulations
and Standards

Organizations such as GDPR, IEEE, ISO, NITI
Aayog (NITI Aayog is the policy think tank of the
Government of India), are preparing standards for
the ethical use of Al. Engineering systems should
follow frameworks for safety, transparency, and
fairness. Liability and accountability are relevant for
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decisions made with Al, and issues surrounding
intellectual property and data ownership are equally
relevant for designs made by Al and decisions made
by autonomous systems.

7.3 Social Impacts of Al in Engineering Fields

Displacement and skilled labour displacement: An
increase in automation in the mechanical and
telecommunication  industries  could  create
replacement jobs. However, and those jobs will
require reskilling or upskilling - which means
constant reskilling.

Trust and the public perception of Al: Successful
adoption is influenced not only by tech readiness,
but public acceptance of technology. If Al is a
"black box", it could create problems, which could
be removed by education, transparent and
explainable Al models and engaging with end-users
and other stakeholders. Digital divide: The benefits
from Al may not be evenly shared.

7.4 Ethical Al by Design

Rather than simply responding to these issues as
they arise as potentially negative outcomes, a more
proactive approach - 'Ethical Al by Design' is being
proposed. This should be seen as embedding ethics
in every step of the Al lifecycle:

Transparency: Keep a record of data sources, model
type, architecture and path selection.

Fairness: Perform audits for bias and model
outcomes that seek equality of opportunity.

Security: Protecting data and Al systems from cyber
security attacks.

Accountability: Establishing and verifying audit
trails, enabling scrutiny by others.

7.5 Summary

Ethical, legal, and social aspects are not just
secondary concerns, but fundamental to the
responsible implementation of Al in engineering. By
establishing ethical foresight, legal clarity, and
societal inclusiveness in their work, stakeholders
can responsibly achieve the benefits of Al while
minimizing harm to society.

VIIl. EDUCATION AND SKILLS
DEVELOPMENT FOR Al INTEGRATION

8.1 Current Trends in Al Education

Al-related courses are being formalized, and there
are even new degrees and fields of study created that
contain these courses. These Al-related courses take
foundational Al methods of machine learning,
neural networks, and data science and apply them to
engineering problems. Some interdisciplinary study
programs  have incorporated critical  core
engineering principles together with Al-related
modules that occur with students from different
disciplines. Also, included in many of the Al
courses are hands-on experiences.

8.2 Essential Skills for Integration of Al

Engineering and Al requires some level of barrier to
entry in terms of programming and understanding
related fields like data science, machine learning,
algorithms, etc. Engineers need to have a
knowledgeable background in data processing and
using a programming language (i.e., Python, C++,
Java, SQL, R and MATLAB, just to name a few).
Engineers must also have a strong mathematical
based background in areas such as linear algebra,
calculus, probability and optimization.

8.3 Issues in Al Education

Universities are having trouble recruiting qualified
instructors to teach engineering and Al due to the
pace of innovation moving faster than many areas of
the curriculum can keep up. In addition, most
engineering programs are not connected to any
industry, so they are missing student learning
opportunities that allow them to develop their real-
life problem-solving skills. Strong ties to industry
can account for these problems.

8.4 Strategies to Reduce Education Challenges

These forms of learning could take the form of an
online course (or an online certificate) to assist both
the student and professional to stay current and
relevant (e.g., Coursera, edX, and also Udacity). Al
for Educators: In the end, in the spirit of closing the
gap of qualified educators, universities should be
willing to discuss the possibility of placing a greater
emphasis on investing in opportunities to have
professional development for faculty. Professional
Development opportunities will then translate into
educating the instructors to teach Al and its
applications in Electrical and Computer Engineering
(E&TC) and Mechanical Engineering.
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8.5 Summary

Education and skills development is a key part to
ensuring that the engineers of tomorrow effectively
and efficiently utilize Al in their respective sectors.
The effective mix of theory and practice and strong
connections between academia and industry can
produce an Al education that empowers engineers to
maximize the full potential of Al in E&TC and
Mechanical Engineering.

IX. EMERGING TECHNOLOGIES
SUPPORTING Al IN ENGINEERING [8]

9.1 Background

Artificial  Intelligence  (Al) in  Electronics,
Telecommunication (E&TC), and Mechanical
Engineering is made possible not only by Al
algorithms  but also by several emerging
technologies that allow engineers to fully leverage
Al's capabilities, optimize their efficiency, and
foster innovation. We identify the emerging
technologies most commonly associated with the
successful use and development of Al in E&TC and
Mechanical Engineering.

9.2 Internet of Things (10T) and Al

The Internet of Things (loT) is a network of
connected devices that collects data and exchanges
it with one another. 10T provides Al with large
amounts of real-time data to process and analyze for
decision-making. There are humerous opportunities
for 10T to help Al across applications in E&TC,
such as  predictive  maintenance,  system
optimization, performance monitoring, and more.

9.3 5G and Al

The development of 5G technology could facilitate
new dimensions with respect to Al applications in
both E&TC and Mechanical Engineering. The high
bandwidth and ultra-low latency offered by 5G also
enables faster computer-to-computer, device-to-
device communication and real-time data
processing, enhancing decision-making capabilities
within Al systems [8].

9.5 Quantum Computing and Al

Quantum computing offers an exciting future in
augmenting Al through addressing complex
problems that classical computers struggle with.
Quantum computing is in its infancy, but can disrupt

machine learning and optimization in engineering
applications.

Al algorithms require large computational loads for
optimization and simulation tasks. Quantum
computing allows for the ability to process and
analyze large sets of data at an exponential speed
compared to traditional computing. This will speed
up the implementation of Al in areas such as E&TC
and Mechanical Engineering, which require high
precision and at times computations that cannot be
achieved using any traditional computer.

9.6 Robots with Al

Robots with Al have the capacity to transform
economies by automating hazardous, boring, or
complex tasks. Robots with Al related to
mechanical engineering are increasing output,
enhancing precision, and increasing safety in
numerous  sectors, including  manufacturing,
automotive, and aerospace. Robots with Al used for
network management, optimizing intake signals, and
maintenance tasks are also being explored in E&TC.

9.7 Blockchain and Al

Blockchain  technology, better known  for
cryptocurrency, is emerging in Al around areas in
which secure data, transparent management of data,
and decentralization may be a high priority.
Blockchain technology, if integrated with Al, can
enhance data security, manifest data integrity, and
share information securely through many (possibly
connected) systems and devices.

E&TC, blockchain can provide security of network
data and transactions. Mechanical Engineering,
blockchain could help with the verification of spare
parts authenticity, or tracking the summarized life
cycle of components with data from the point of
production to the stages of installation.

9.8 Augmented Reality (AR) and Al

Augmented Reality (AR) is transforming how
engineers and technicians relate with Al systems
through visual overlay in quasi real-time, and with
interactive design and operational tools. AR will be
used for training, system monitoring, system
maintenance and system design in E&TC and
Mechanical Engineering.

Al-powered AR systems can provide engineers with
real-time data visualizations of complex systems,
allowing them to make better informed decisions

IJIRT 179435 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6624



© May 2025 | DIRT | Volume 11 Issue 12 | ISSN: 2349-6002

9.9 Summary -

Emerging technologies e.g. 10T, 5G, edge
computing,  quantum  computing,  robotics,
blockchain and AR are accelerating the potentials
and deployment of Al within E&TC and Mechanical
Engineering. These new technologies are not only
enhancing the capabilities of Al, they will also open
entirely new horizons for both development and
application for different industries. Consequently,
the fusion of Al and the emerging technologies will
forever change engineering practices and allow for
smarter, more efficient and more sustainable
solutions to be produced and adopted across the
board.

X. LIMITATIONS AND CHALLENGES
10.1 Data Quality and Availability

The issue: Al technologies rely on quality, scale,
and quantity of data to train their algorithms and
accurately generalize. In both engineering contexts
of E&TC and Mechanical Engineering, a major
limitation due to passive data sharing and
unstructured data sources is the lack of clean,
structured, labelled data to use for Al training. Also,
due to poor data management, companies may not
even know they have data.

The solution: Companies need to invest in data
collection and system management systems as well
as processes for cleaning and validating data.

10.2 High Computational Requirements [11]

Challenge: Most Al algorithms require considerable
lower computational power, more so in the case of
the deep learning algorithms, to process large
quantities of data and for various number crunching.

It is not only the operational costs involved for this
very specialized hardware and the use cloud
services, but also potentially having to redesign their
current methods to incorporate Al when deadlines
may be critical (for example in the E&TC and
Mechanical Engineering industries).

Al systems run from data centers use high levels of
energy as well, have higher operational costs that
often include ongoing environmental costs.

10.3 Algorithm Bias and Fairness

In industries like telecommunications where Al as a
decision supporter for millions of users is routine,
fairness & bias are paramount concerns.

Effect: Bias in an Al model could result in unfair
and discriminatory outcomes, such as optimizing
customer networks for one group of customers but
not for another, or engaging predictive maintenance
for some customers but not for others.

Solution: Businesses need to actively seek to
identify their bias in Al models and use diverse and
representative datasets to limit possible bias, and
audit/test the fairness of their Al outputs.

10.4 Shortage of Skilled Personnel

The engineering and E&TC sectors are in dire need
of workers as Al technology is evolving so fast that
it is causing stunted growth in implementation of Al
systems or causing companies to rely on third-party
vendors. If a company wants to address the talent
issue in the Al domain and embrace talent as the
new oil, then continuous learning options through
online courses and certifications or partnerships
with universities we would actively seek to employ
them.

10.5 Integration with Legacy Systems

Challenge: Many organizations still operate on
legacy systems that were not initially designed to
work with Al technology. Adapting Al to existing
systems, especially in telecommunications and
manufacturing, can be resource intensive due to the
complexity of establishing a working relationship
between the old and new systems. Also, many
legacy systems are not built to be interoperable with
modern tools and Al platforms.

Impact: Integration issues can lead to considerable
delays in adoption of Al technology and increased
costs

Solution:  Possible routes identified are for
companies to delay Al integration until systems can
be phased in through pilot projects or alternatively
upgrading systems as needed. Hybrid models
enabling Al tools and legacy systems to coexist
could be a possibility.

10.6 Ethical, Legal and Regulatory Issues

Challenge: As Al continues to become more
ubiquitous, ethical, legal, and regulatory issues are
gaining traction. lIssues related to data privacy,
accountability, ownership, and transparency of Al
decision making will need to be recognized up front
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and to ensure their fit within the boundaries of legal
frameworks to ensure responsible deployment.

Impact: Failure to pay attention to ethical and legal
frameworks can result in lawsuits, public suspicion,
and increased scrutiny by regulatory bodies. For
instance, companies that rely on Al surveillance and
data collection tools may be in breach of privacy
legislation and regulations.

Solution: Companies should stay knowledgeable
regarding applicable regulations and start engaging
policymakers to influence the future of Al The
architecture for Al systems should also consider
transparency, explainability, and accountability, to
minimize or mitigate ethical issues when deploying
Al systems.

10.07 Cost of Al Adoption

Challenge: Many companies are concerned about
the upfront cost of Al development, implementation
and maintenance. Al implementations cost money
and can incur significant costs, especially for
companies that have limited funds. It also requires
costs for hardware, software, and specialized talent,
that may be idiosyncratic to the Al systems. Costs
for systems upgrade are often misunderstood.

Impact: High upfront costs of Al tools deter small
and medium-sized enterprises (SMEs) from
adopting Al technologies, when in many cases
SMEs are essential in developing crucial defence
capabilities. In large organizations, budgets for Al
initiatives are detracting from planning levels of
funding for projects that need it.

Solution: Companies can use cloud-based Al
services to lessen the initial financial burden, as well
as using Al-as-a-service, which provides ease of use
and can accommodate small levels of investment.
Governments and industry consortiums also provide
grant and other funding opportunities for Al related
research and development.

10.8 summary

Although Al offers a multitude of possibilities for
increased efficiency and capacity for Electronics,
Telecommunication, and Mechanical Engineering, it
has its own limitations and challenges. It is
important to consider and overcome obstacles such
as data quality, algorithmic bias, workforce skills
and integration with current systems in order to

successfully adopt Al. By acknowledging and
dealing with these challenges, it is possible for firms
and organizations to be better prepared for the future
of Al in Engineering.

XI. FUTURE DIRECTIONS AND RESEARCH
OPPORTUNITIES

11.1 Al in Autonomous Systems and Robotics [12]

Future Direction: Autonomous systems and robotics
are among the most promising components for
application of Al. In Mechanical Engineering, Al
enabled robots are beginning to revolutionise
manufacturing processes, with considerable future
potential related to autonomous cars, drones and
industrial robots and systems. In the future, Al will
be tasked with making decisions and developing
solutions from a stream of complex sensor data in
real time, to improve productivity and increase
safety.

Research Opportunities

Developing Al more efficient algorithms for
autonomous navigation and decision making in
constantly changing environments. Improving the
cooperation of human-robot collaborative systems
through Al driven interface design. Developing the
learning capability of robots to be able to self-learn
how to operate in a new environment and
completely new tasks. Research into Al and robotics
in healthcare.

11.2  Al-Predictive
Manufacturing

Maintenance in  Smart

Future Directions: The emergence of Industry 4.0
and the industrial Internet of Things has opened up
possibilities of even more complex predictive
maintenance strategies using Artificial Intelligence
(Al). In Mechanical Engineering, it is already
possible to use Al models to predict the failure of
critical machinery before it fails, reducing
downtime, and maximizing productivity. As we
move forward, these smart predictive maintenance
systems will leverage more advanced machine
learning approaches, an abundance of real-time lIoT
data, and sensor data to provide real-time and
accurate predictive maintenance recommendations.

Research Opportunities:

Developing Al models to predict failures in more
complex and varied industrial settings.
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Improving data collection systems to enable the
predictive maintenance implementations to have
high quality real-time data.

Implementing predictive maintenance models with
digital twins, and simulation-based predictive
maintenance, to provide accurate forecasts for
predictive maintenance.

Research on Al algorithms that can optimize spare
parts inventory based on predicted maintenance
schedules.

11.3 Al for Energy Efficiency and Sustainable
Engineering

Future Direction: Al will play a key role in
developing energy efficient and sustainable
engineering practices as the world faces greater and
greater environmental challenges. Al has the
potential to optimize energy use nestworks in
E&TC, streamline the integration of renewable
energy sources, and minimize the environmental
impact of communication networks. Al can aid
Mechanical Engineers in the design of smarter
energy systems, managing smart grids, and
optimizing renewable  energy  technology
performance.

Research Opportunities:

1. Develop Al models that can optimize energy use
in industrial settings while eliminating waste and
improving efficiency.

2. Al-based solutions for energy management in
smart cities to help reduce carbon footprints.

3. Use of Al for greener technologies. Examples
could include Al-based solar panel optimization, or
energy efficient heating, ventilation, and air
conditioning systems.

4. Research on the integration of Al in a circular
economy model. Potential projects could include
automation in recycling operations, and waste
reduction.

11.4 Al and 5G in Telecommunications

- Future Conundrum: 5G networks are expected to
revolutionize the telecommunications lifecycle by
providing faster transfer speeds, lower latency for
end-user service and applications, and greater
reliability in all networks. Al will help optimize the

5G networks of the future, focused on efficiently
managing network traffic and providing a high-level
of service to end users. In consideration, it is
possible to eventually implement an Al enable self-
healing network, where detected faults are
automatically reported to a central Al system for
resolution, without any human actions, enhancing
availability to end users.

- Research Topics:

Al enable intelligent 5G traffic management and
congestion mitigation.

Al for locating optimal sites for deploying 5G
infrastructure while minimizing the cost and
improving a level of viability across populations.

Al enable applications that provide real-time
optimizations of the networks direct event program,
predictive maintenance and eventual automated
maintenance against several 5G related exigencies.

Al found with 5G research for applying at scale new
applications like AR and VR.

11.5 Al-Enhanced Cybersecurity in Engineering

Future direction: As industries adopt more
connected systems and Al solutions, there will be an
increasing need for cybersecurity. In E&TC,
Artificial Intelligence (Al) (machine learning
algorithms, and neural networks) can be employed
with data from network traffic patterns to discover
abnormalities and detect and mitigate cyber threats.
Similarly, Al-related tools and applications will be
important for securing manufacturing systems, l1oT
devices, and robotics in mechanical engineering.

Research Opportunities:

Al algorithms for real-time detectable threats for
industrial systems.

Al models for discovering vulnerabilities in
machine learning models and autonomous systems.

Al-based encryption techniques and concepts in
order to secure sensitive engineering data.

Al-based prevention of cyber-attacks and securing
connected devices in applications for smart
manufacturing and telecom.

11.6 Human-Al Collaboration and Augmented
Decision-Making
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Future direction: Human Al interaction will
certainly develop more in-line with human-Al
collaboration rather than full automation in the
future of Al in engineering. Al will augment human
decision-making to maximize humans’ capabilities
through immediate analysis and calculations that
can assist engineers and technicians make better-
understood decisions in real-time. In  both
Mechanical Engineering and E&TC, Al-enabled
decision support systems will aid engineers periods
of design, troubleshooting, monitoring and
situational awareness.

Research Opportunities:

Research into how to design intuitive interfaces for
Al that can improve human and Al collaboration. Al
systems that can support human decision making in
high-pressure environments such as emergency
response in telecommunications and critical system
failures in  manufacturing. Research into Al
personalized engineering applications in where Al
can support the customization of designs or
processes based on user's needs and preferences.

11.7 Al in Additive Manufacturing and Design

Future Direction: Additive manufacturing, also
known as 3D printing, has the potential to transform
the way we produce complex components in
Mechanical Engineering. Al will enable optimised
design, material and production processes of 3D
printed parts. By using Al to combine generative
design techniques, engineers will be able to produce
designs that are optimal, lightweight, strong and
efficient.

Research Opportunities:

Al generative design tools that optimise 3D printing
processes and materials. Al algorithms that can
predict the mechanical properties of 3D printed parts
and manage quality assurance. Al in hybrid
manufacturing processes that combine traditional
manufacturing with additive processes to enhance
manufacturing capability.

11.8 Al for Health Monitoring and Biomedical
Engineering

11.9 Summary

Al could reshuffle the status quo of all healthcare,
with a unique advantage in biomechanics, medical
equipment design, and health monitoring. It has

already been used for predicting diseases, guidance
during surgical procedures, and on the monitoring of
patient safety. Possible future research directions
from today could be Al-integrated wearable devices,
medical imaging diagnostic systems, and/or
individualized healthcare.

The future of artificial intelligence in Electronics,
Telecommunication, and Mechanical Engineering is
filled with opportunities for technological advances.
Research in areas such as autonomous systems,
predictive maintenance, energy efficiency, 5G
networks, cybersecurity, human-Al collaboration,
and processes such as additive manufacturing intend
to shape the next phase of innovation. Overcoming
the challenges and harnessing the opportunities
these trends will bring can see Al achieve
remarkable changes in engineering and improve
efficiencies, support sustainability efforts, and
ultimately enhance quality of life within the
engineering ecosystem.

XIl. CONCLUSION

ndustries such as Electronics, Telecommunication,
and Mechanical Engineering (E&TC) and
Mechanical Engineering are being transformed by
Al, providing pathways for innovations towards
intelligent, efficient and sustainable solutions.
Unlike in the past, innovations are possible that
disrupt traditional practices, as we see with
examples such as BMW, Vodafone, Airbus,
Foxconn, and Siemens.

At the same time, Al is presenting technical and
ethical issues such as accessing data that is
adequate, algorithmic biases, insufficient skilled
labour, sophisticated technical computing power,
and industry acceptance. We need to identify ways
organizations can maximize the benefits by
minimizing the risks.

The future of Al in E&TC and Mechanical
Engineering appears bright, through continuous
advancements in autonomous systems, smart
manufacturing, sustainable energy technologies, and
cybersecurity. We expect continued advancements
in Al enabled research, in autonomous robotics,
predictive analytics, generative design, and Al
engines for telecommunications. As capabilities
emerge, we expect human decision making will be
further augmented by machine decision-making,
becoming a synergy of human creativity and
machine intelligence.
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To effectively employ Al in engineering, we must
be smart, intentional about research and partnership,
invest in good training, have the right
infrastructures, and ethical frameworks in place.
Without a doubt Al will be a powerful driver of
economic contributions in engineering in new ways
as a source of innovation, efficiencies, and
sustainability across many sectors. Things are
looking promising, and with the necessary
investment, research, and policies, Al can deliver
changes, and opportunities that will one day
transform the engineering landscape moving
forward.
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