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LBS COLLEGE OF ENGINEERING
KASARAGOD

VISION

To become a paragon institution for pursuance of
Education and Research in Engineering and Technology.

MISSION

o Impart finest quality Technical Education &
Training.

« Nurture a vision of Sustainable development.

« Bequeath it to the next generation of professionals.
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DEPARTMENT OF ELECTRICAL &
ELECTRONICS ENGINEERING, LBSCEK

VISION

To nurture world class FElectrical and Electronics
Engineers contributing to the society at large with
emphasis on sustainable technologies.

MISSION

« Create professionally competent graduates by
providing  resourceful  environment  through
innovations, industrial and societal interactions,
consultancy and research.

« Inculcate the spirit of inquiry, entrepreneurial skills,
ethical values and team work among graduates.
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ABOUT THE DEPARTMENT

Established in 1993, the department offers a BTech
program in Electrical and Electronics Engineering.
Our mission is to create professionally competent
graduates by providing resourceful environment
through innovations, industrial and societal
interactions, consultancy and research.

The department, headed by Prof. Jayakumar M,
comprises a dynamic team of eleven dedicated
faculty members and five skilled technical staff.
Five of our faculty members hold Ph.D. degrees in
various areas of electrical engineering, while two
others are currently pursuing their doctorates.
Additionally, the department provides outstanding
research  facilities, featuring state-of-the-art
laboratories that are regularly upgraded with the
latest technology. Besides academic excellence, the
department encourages and supports the co-
curricular activities of students for their overall
development. Faculty members provide individual
attention and mentoring to ensure the success of
each student.

The department is proud of its many distinguished

alumni who have achieved university ranks and
hold prominent positions 1in  prestigious
organizations such as NTPC, KSEB, HAL,
DRDO, ISRO, the
Railways, Civil Services, and other renowned
institutions both in India and abroad. These alumni

Electrical inspectorate,

actively engage with the department, providing
valuable guidance and support to foster the growth
and success of current students.

The department is actively involved in research and
consultancy works across various fields of electrical

engineering, including testing of large capacity UPS

systems for various clients/ departments, precise
measurement using high quality digital instruments
like Power Analyzer & Digital earth tester, true
various electrical
parameters for dedicated systems and testing of

streetlights of various Panchayats.

RMS measurements of

The department also houses its own library with
more than 300 titles and 20 IS (Indian Standard)
codes. It has an active Students’ Association that
organizes technical fests and events, fostering a
culture of innovation and collaboration.
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PROGRAMME EDUCATIONAL
OBJECTIVES (PEOs)

Our graduates will:

PEO1 : Excel in industry and academics in electrical
and allied domains.

PEO2 : Pursue careers in multi-disciplinary areas
conforming to ethical values and environment friendly
policies.

PEQO3 : Inculcate team work and foster the ability to
relate electrical engineering solutions for social benefits.

PEO4 : Become successful innovators and
entrepreneurs through life-long learning.
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MESSAGE FROM HOD

I am delighted to present the latest edition of our
department's technical magazine, a testament to the
dedication and ingenuity of our academic community. This
publication serves as a platform for showcasing the
innovative projects, research endeavours, and scholarly

articles that our students and faculty have diligently pursued.

In this issue, we delve into the recent advancements in electrical engineering,

exploring cutting-edge technologies and their practical applications.

I extend my heartfelt appreciation to the editorial team and all contributors for
their unwavering commitment to excellence. Your collaborative efforts have
culminated in a publication that not only informs but also inspires. As we navigate
the ever-evolving landscape of electrical engineering, I encourage our readers to
engage with the content, share insights, and foster discussions that propel us toward

innovation and societal impact.

Wishing you an enlightening and engaging read.

Warm regards,

Prof. Jayakumar M

Head of the Department (Electrical & Electronics Engineering)
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FROM STAFF EDITOR

Welcome to Power Path—Empowering Innovation in Electrical
& Electronics Engineering.

Dear Valued Readers

As a part of the editorial team of Power Path, I'm excited to
share our ongoing commitment to bringing you the latest
advancements, research, and insights from the world of

electrical and electronics engineering. Our mission is to bridge
the gap between innovation and application, delivering insights that empower

students to excel in their fields.

This edition celebrates the creativity and innovation of our esteemed faculty and
passionate students, featuring articles that connect cutting-edge ideas with real-
world applications.

We welcome your contributions—articles, research papers, or case studies—to keep
Power Path vibrant and reflective of our community. Thank you for supporting our
mission to advance electrical and electronics engineering.

For more information, feel free to reach out at akshaymrakshay@gmail.com
Warm Regards,

Baby Sindhu A V
Staff Editor, Power Path
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FROM STUDENT EDITOR

Welcome to the 2023-24 edition of Power Path, a platform
showcasing the brilliance and creativity of the Electrical and
Electronics Engineering (EEE) department. This magazine
reflects our collective journey, celebrating the innovative
spirit and relentless pursuit of knowledge that drive us
forward. Every article, project, and insight featured here
highlights the dedication, passion, and hard work of our
students and faculty.

As you explore this edition, you will witness the remarkable talents and
groundbreaking achievements within our department. The commitment of our
students and faculty shines through every page, reminding us of the limitless
possibilities in electrical and electronics engineering.

More than just a magazine, Power Path embodies our shared vision to push
boundaries, tackle challenges, and make meaningful contributions to the world.
May this edition inspire you to embrace curiosity, innovation, and collaboration.

Together, let's pave the way for a brighter, more innovative future in electrical and
electronics engineering.

Warm regards ,
Akshay M R
Studen Editor, Power Path 2023-24
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ELECTRICAL ENERGY STORAGE: ADVANCES IN
BATTERY TECHNOLOGY & APPLICATIONS

As the world transitions towards a more
sustainable and renewable energy-based
future, the need for efficient and reliable
electrical solutions has

energy storage

become increasingly important. Battery

technology has emerged as a crucial
component in enabling the widespread
adoption of renewable energy sources,
electric vehicles, and smart grids. In this

article, we’ll explore the latest advances in

battery technology and their applications.
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Advances in Battery Technology:

 Lithium-lon Batteries: Lithium-ion
batteries have become the most widely
used battery technology due to their
high energy density, long cycle life, and

relatively low cost.

NISHANA NASRI
S4 EEE

« Solid-State Batteries: Solid-state
batteries replace the liquid electrolyte in
traditional lithium-ion batteries with a
solid material, enhancing safety, energy
density, and charging speeds.

Sodium-Ion  Batteries:  Sodium-ion
batteries offer a potentially more cost-
effective and sustainable alternative to
lithium-ion  batteries, with similar
performance characteristics.

Flow Batteries: Flow batteries store
energy in liquid electrolytes in external
tanks, allowing for flexible and scalable

energy storage solutions.

Applications of Battery Technology:

- Renewable Energy Systems: Batteries
enable the efficient storage and release
of renewable energy, stabilizing the grid
and ensuring a reliable energy supply.
Electric Vehicles: Advances in battery
technology have driven the widespread
adoption of electric vehicles, reducing
greenhouse  gas  emissions and

dependence on fossil fuels.
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- Smart Grids: Batteries play a critical
role in smart grids, enabling the efficient
management of energy distribution and
consumption.
Backup Power Systems: Batteries

provide reliable backup power during

ensuring

outages and emergencies,

continuity of critical services..

=
L 5]
)

Challenges and Future Directions:

« Cost Reduction: Continued reductions
in battery costs are necessary to drive
widespread adoption.

. Scalability: Developing scalable battery
manufacturing processes 1s crucial to

meet growing demand.

POWER PATH 2023-24

. Sustainability: Ensuring the sustainable
sourcing of raw materials and

developing closed-loop recycling
systems are essential for minimizing
environmental

battery technology’s

Conclusion:

Advances in battery technology are

transforming the way we generate,
distribute, and consume energy. As the
world continues to transition towards a
more sustainable and renewable energy-
based future, the importance of efficient,
cost-effective, and reliable electrical energy
storage solutions will only continue to grow,
widespread

driving  innovation  and

adoption across various industries.
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ADVANCEMENTS IN SOLAR TECHNOLOGY:
SHAPING THE FUTURE OF CLEAN ENERGY

Solar energy has long been hailed as a
sustainable and abundant energy source,

and recent advancements in  solar

technology are accelerating its adoption

worldwide. As the demand for renewable
energy grows, innovations in solar power
are making it more efficient, affordable, and
adaptable. This article explores the key
advancements in solar technology that are

transforming the energy landscape.

High-Efficiency Solar Panel:

One of the most significant advancements in
solar technology has been the improvement
in solar panel efficiency. Traditional silicon-
based solar panels have seen a steady

SREEYESHV P
S4 EEE

increase in energy conversion rates, with the
best panels now achieving efficiencies of
around 22-23%. However, new materials
and designs are pushing these boundaries
further.

« Perovskite

Cells: Perovskite

materials are a class of materials with

Solar

unique crystalline structures that have
shown great promise in solar
applications. Perovskite solar cells can
be manufactured at a lower cost than
silicon-based cells, and they have the
potential to reach efficiencies of 30% or
more. Research is ongoing to improve
their stability and scalability for mass
production.

Cells: These cells

combine multiple layers of different

Tandem Solar
materials, such as silicon and

perovskite, to capture a broader
spectrum of sunlight. Tandem cells can
achieve higher efficiencies by utilizing
more of the solar spectrum, with

theoretical efficiencies exceeding 40%.

O 4
POWER PATH | DEPT. OF ELECTRICAL & ELECTRONICS ENGINEERING \



Bifacial Solar Panels:

Bifacial solar panels are designed to capture
sunlight on both the front and back sides of
the panel. These panels take advantage of
reflected

increasing their energy production. Bifacial

sunlight from the ground,

technology is particularly effective in
locations with high albedo (reflectivity),
such as snowy regions or deserts. The
addition of bifacial panels can boost energy
output by 10-30% compared to traditional

monofacial panels.

Solar Energy Storage Solutions:
One of the key challenges in solar energy is

intermittency—solar power generation 1is

only possible when the sun is shining. To
address this,
storage

advancements in energy

technologies are crucial.
Improvements in battery technology are
allowing for more efficient storage of solar
energy, enabling power to be stored for use
at night or on cloudy days.
. Solid-State Batteries: Unlike traditional
lithium-ion batteries, which use liquid
electrolytes, solid-state batteries use

solid electrolytes, offering higher energy

e i
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longer life, and improved
These

developed to store solar energy more

. density,

safety. batteries are being
efficiently and at a lower cost.

Flow Batteries: These batteries store
energy in liquid electrolytes and are
particularly suited for large-scale energy
storage. Flow batteries are seeing
increased interest for their ability to
store solar power for extended periods

without degradation over time.

Solar-Integrated Building Materials:

Building-integrated photovoltaics (BIPV)
refer to solar panels that are seamlessly
integrated into building materials such as
windows, facades, and roofs. These solar
materials serve a dual purpose—acting as
both the building material and the energy

generator.
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. Solar Windows: Transparent solar cells
are being developed to be integrated
into windows. These windows capture
sunlight while still allowing for visibility
and light transmission. Although they
are not yet as efficient as traditional
solar panels, they offer significant
potential for buildings in urban
environments where rooftop space is
limited.

Solar Roof Tiles: Companies like Tesla
have introduced solar roof tiles that

blend into the aesthetic of a home while

generating power. These tiles are

designed to replace traditional roofing
materials and are both durable and
efficient, making them an attractive
option for homeowners looking to

install solar energy systems.
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Solar Concentrators and Tracking Systems:
To further increase the efficiency of solar
energy generation, solar concentrators and
tracking systems are being integrated into
solar power plants. These technologies focus
sunlight onto small, high-efficiency solar
cells, or track the movement of the sun to
maximize the amount of sunlight received
by the solar panels.

. Concentrated Solar Power (CSP): CSP
systems use mirrors or lenses to
concentrate sunlight onto a small area
of high-efficiency solar cells or a heat-
absorbing medium, such as molten salt.
This concentrated heat is then used to
generate electricity more efficiently.
Solar Trackers: Solar trackers adjust the
position of solar panels throughout the
day to follow the sun's path, increasing
the amount of energy captured. By
keeping the panels in optimal alignment
with the sun, trackers can improve solar

power output by 15-30%.

Solar Panel Recycling:
As the adoption of solar energy increases, so

does the need for sustainable end-of-life

O 16
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solutions for solar panels. The development
of efficient recycling methods for solar
panels is becoming a focus to address
potential environmental concerns related to
waste.

« Recycling of Silicon Panels: New

processes are being developed to

efficiently recover valuable materials
like silicon, silver, and aluminum from
old solar panels. These materials can be
reused in the manufacturing of new
panels, reducing waste and lowering the
environmental impact.
Recycling of Perovskite Panels: Since
perovskite solar cells are made from
different
specialized

materials than  silicon,
recycling techniques are
these

materials for reuse, promoting a circular

being researched to recover

economy in the solar industry.
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Solar-Powered Vehicles:

Solar power is increasingly influencing the
transportation sector, with solar-powered
cars, buses, boats, and even aircraft under
development. These innovations aim to
reduce reliance on fossil fuels, lower carbon
emissions, and promote sustainability.
Advances in solar panel efficiency and
energy storage are making solar-powered
transportation more viable for a cleaner
future.

« Solar-Powered Electric Vehicles (EVs):
Some automakers are integrating solar
panels into electric vehicle roofs to
provide supplemental charging. Though
current solar charging cannot fully
power a vehicle, it can extend driving
range and reduce reliance on charging

stations.

O 17
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« Solar-Powered Trains and Buses: In
some regions, solar power is being used
to power public transportation, such as
solar-powered trains and buses. These
systems can reduce operating costs and
carbon emissions while providing a
clean  alternative to  traditional

transportation energy sources.
Conclusion:

Advancements in solar technology are
reshaping the future of energy, making solar
power more accessible, efficient, and
integrated into daily life. With innovations
in solar panels, energy storage, building
materials, and transportation, solar energy
1s poised to play a key role in the transition
to a cleaner, more sustainable energy future.
As these technologies continue to evolve,
solar energy will become an even more

- Solar boat: It harnesses sunlight

through photovoltaic panels to generate critical component in the fight against

climate change and the move toward global

clean energy for propulsion. It reduces

fuel dependence, minimizes carbon  SNErgy sustainability.

emissions, and offers a sustainable
alternative for marine transportation,
promoting eco-friendly travel on rivers,

lakes, and oceans.
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ELECTRIC MOBILITY

Electric mobility (e-mobility) involves the
use of electric-powered vehicles and related
technologies for transportation. It covers
various vehicles and infrastructure aimed at
reducing dependence on fossil fuels and
lowering environmental impact. Key
components include electric vehicles (EVs),
charging networks, battery advancements,

and supportive policy measures.

Key Components of Electric Mobility:
Electric Vehicles (EVs):

Hybrid Electric  Vehicles
(PHEVs): Combine electric power with

an Internal combustion engine (e.g.,

« Plug-in

Toyota Prius Prime)

FATHIMATH SAUMA
S4 EEE

. Electric Buses and Trucks: For public
transportation and logistics.
« E-Scooters and E-Bikes:

distance, personal transportation.

For short-

Charging Infrastructure:

« Home Charging: Level 1 (120V) and
Level 2 (240V) systems for residential
use.

Public Charging: Fast chargers (DC)

and standard chargers at parking lots,

malls, and highways.

Wireless Charging: Emerging
technology allowing charging without

cables.

O 19
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Battery technology:

Electric mobility (e-mobility) relies on
advanced energy storage  solutions,
including lithium-ion batteries, solid-state
batteries, and emerging alternatives.
Lithium-ion batteries remain dominant due
to their efficiency, while solid-state batteries
offer higher energy density, improved
safety, and faster charging. Researchers are
also exploring alternative chemistries, such
as lithium-sulfur and sodium-ion, to

enhance  performance, lifespan, and
sustainability. These innovations play a
crucial role in extending EV range, reducing
supporting  the

charging times, and

widespread adoption of clean

transportation solutions.

o e
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Renewable Energy Integration:

Integrating renewable energy sources like
solar and wind to power EV charging
stations enhances sustainability and reduces
dependence on fossil fuels. Solar panels can
generate electricity directly at charging sites,
while wind energy contributes to a cleaner
grid. These renewable-powered stations
lower carbon emissions, provide cost-
effective energy, and improve grid resilience.

Combining energy storage solutions, such as

battery systems, further ensures reliable

power availability, making electric mobility
more  environmentally  friendly  and
supporting a sustainable transportation

ecosystem.

O 20
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Policy and Regulation:

Governments worldwide are implementing
incentives such as tax credits, subsidies, and
grants to accelerate EV adoption. These
financial benefits make electric vehicles
more accessible to consumers and
businesses. Additionally, stricter emission
standards are pushing automakers to
transition toward cleaner technologies,
reducing reliance on fossil fuels. Supportive
policies, along with investments in charging
infrastructure, are crucial for building a
e-mobility

sustainable and widespread

ecosystem.

Smart Mobility Solutions:
Vehicle-to-Grid (V2G) technology allows
EVs to return excess energy to the grid,
enhancing efficiency and stability while
renewable

supporting integration.  E-

mobility also integrates with smart city

initiatives, improving traffic management,

reducing congestion, and optimizing public

transport. By leveraging digital
connectivity, smart mobility solutions create
a more efficient, sustainable, and intelligent

urban transportation system.
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Benefits of Electric Mobility:
- Environmental: Reduced greenhouse
gas emissions and air pollution.
- Economic: Lower operational and
maintenance costs for EVs compared to
combustion vehicles.
- Energy Security: Reduced dependence

on imported oil.

Challenges:

« High upfront costs of EVs and charging
infrastructure.

« Limited charging network in some
regions.

- Range anxiety due to shorter driving
range compared to gasoline vehicles.

- Battery recycling and sustainability

concerns.

E-mobility plays a vital role in global efforts
to reduce carbon emissions, combat climate
change, and promote sustainable
transportation. By replacing fossil-fuel-
powered vehicles with electric alternatives, it
helps lower air pollution, enhance energy
efficiency, and support the shift toward

cleaner, renewable energy sources.
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CYBERSECURITY THREATS IN THE ELECTRICAL
GRID: MITIGATION STRATEGIES

Cybersecurity threats in the electrical grid
pose significant risks to infrastructure,
reliability, and public safety. Attacks like
phishing, ransomware, and supply chain
exploits can disrupt operations.
Implementing advanced security measures,
employee training, and real-time monitoring
helps mitigate risks, ensuring a resilient and

secure power supply system.

Phishing and Social Engineering Attacks:

Cybercriminals manipulate utility

employees through deceptive emails or
messages to access sensitive  systems.
Employee training and awareness programs

are crucial in preventing these threats.

MARIYAMATH FAHIDA
S2 EEE

Malware and Ransomware:

Malicious software infiltrates grid systems,
disrupting operations or demanding ransom
payments. Strong cybersecurity measures,
such as endpoint protection and regular
backups, help mitigate these risks.

Supply Chain Attacks:

Cybercriminals exploit vulnerabilities in
third-party = hardware and  software
integrated into the grid. Strengthening
vendor security and compliance helps
prevent unauthorized access and system

compromises.

Distributed Denial of Service (DDoS)
Attacks:

DDoS attacks flood grid networks with
excessive traffic, causing outages and delays.
traffic
balancing, and real-time monitoring helps

Implementing filtering, load

mitigate disruptions.
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Zero-Day Exploits:

Hackers target unpatched vulnerabilities in
grid control systems before fixes are
available. Regular updates, vulnerability
scanning, and proactive threat intelligence
help defend against these attacks.

Insider Threats:

Malicious or negligent insiders can

compromise grid security, leading to
breaches. Strict access controls, continuous
monitoring, and behavioral analysis help

detect and prevent insider threats.

Mitigation Strategies:

Strengthening Network Security:

Implementing advanced network
segmentation isolates critical grid systems
from less secure components, limiting lateral
movement in case of a breach. Adopting
Zero Trust Architecture (ZTA) ensures
continuous user and device verification
while restricting access based on the
reducing

principle of least privilege,

unauthorized entry risks.

POWER PATH 2023-24

Deploy Intrusion Detection and Penetration
Testing:

detection monitor
traffic for

penetration testing identifies vulnerabilities,

Intrusion systems

network threats. Regular
strengthening cybersecurity defenses against

evolving cyberattacks.

Enhance Employee Training and Cyber
Awareness:
Educating staff on phishing and social

engineering helps prevent breaches. A

strong cybersecurity culture reduces human-

related risks and improves security

resilience.

Secure Supply Chain and Ensure System
Resilience:
Vetting  vendors for cybersecurity
compliance prevents supply chain attacks.
Backup systems and incident response plans

maintain operations during cyber incidents.

Utilize Multi-Factor
Authentication, and Automation:

Encryption,

Encryption protects sensitive data, while

MFA strengthens access security.

O 23
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Al-driven automation enhances threat
detection, minimizing human error and

response delays.

Quantum-Safe Cryptography:

Advancements in quantum computing

threaten existing encryption methods.
Preparing for quantum-safe cryptographic
standards 1s crucial to securing grid
communications and protecting sensitive

data from future cyber threats.

Legislation and Policy Updates:

Stronger cybersecurity regulations and
compliance requirements help safeguard the
electrical grid. Advocating for updated
policies ensures grid operators implement
the latest security measures to mitigate

emerging and evolving cyber risks.

Continuous Innovation:
Developing and integrating new
cybersecurity technologies 1s essential for
staying ahead of cyber threats. Regular
security

investments in research and

upgrades enhance grid resilience and

protection.
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Conclusion:

Mitigating cybersecurity threats to the
electrical grid demands a proactive, multi-
layered approach, including advanced
threat detection, encryption, and robust
access controls. Employee training and real-
time monitoring are crucial in preventing
cyberattacks. Collaboration between
governments, utilities, and cybersecurity
defenses. 33%

experts strengthens

implementing  these  strategies,  grid
operators can enhance resilience, protect
critical infrastructure, and ensure a secure,

reliable, and uninterrupted power supply.
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ELECTRICAL ENGINEERING IN MEDICAL
DEVICES: DESIGNING LIFE-SAVING EQUIPMENT

ANANNYA P
S4 EEE

Electrical engineers in the medical device - Healthcare Infrastructure: Hospitals
industry design, develop, and test medical and clinics depend on well-designed
devices, ensuring they are safe, functional, electrical systems to power everything
and compliant with regulations. They also from lighting to critical care machines.
work on healthcare information systems, Engineers work behind the scenes to

telemedicine, and robotics in surgery. ensure uninterrupted power supply
(UPS) systems, emergency backup
generators, and advanced wiring
systems. This makes healthcare
environments safe and functional 24/7.

Telemedicine and Remote Care: In the
age of telemedicine, electrical engineers
are making healthcare more accessible!
With innovations n wireless
communication, wearable devices, and
remote monitoring tools, patients can
recelve care without ever stepping into a

The Growing Importance of Electrical

Engineering in Healthcare: hospital.

« Medical Devices &  Equipment B Leaming  in

Development:  Electrical  engineers Diagnostics: Advanced electrical

design and maintain life-saving medical S snilsle g en

diagnostic tools, enhancing medical

devices, ensuring reliable and safe

operation through precise electrical B Rt al ySIS {0’ Improve

- ; diagnosis and treatment.
components for optimal patient care.
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Energy  Efficiency in  Healthcare
Facilities

Sustainability is becoming increasingly
important. Electrical engineers are
helping healthcare facilities reduce their
carbon footprint by developing energy-
efficient solutions like solar panels,
energy-saving

Healthcare

Facilities: Sustainability is becoming

Energy  Efficiency in

increasingly  important.  Electrical

engineers are helping healthcare
facilities reduce their carbon footprint
by developing energy-efficient solutions
like solar panels, energy-saving lighting,

and smart building systems.
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Designing Electro-Medical Equipment:

Designing electronic  medical devices
requires engineers to walk an extra mile.
After all, it’s the matter of saving lives!
Since accuracy and reliability are crucial for
medical equipment, designers have to follow
a strict set of regulations for their designs.
While this norm has been a constant in this
vertical, there have been many changes and
upgradations in terms of form factor, usage
and technology incorporated in devices.
This article reviews all these upgrades and
essentials in medical electronics design.
Electrical engineers are involved in the
creation of various medical devices, such as
MRI machines, CT scanners, ultrasound
infusion

equipment, pacemakers, and

pumps.

Conclusion:

Electrical engineers transform healthcare by
improving outcomes, streamlining
operations, and enhancing sustainability,
with their impact set to grow as technology

advances.
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VLSI : VERY LARGE SCALE INTEGRATION
DESIGN

Very Large Scale Integration (VLSI) is a
technology that enables the creation of
integrated circuits (ICs) by embedding
millions or even billions of transistors on a
single chip. It plays a crucial role in modern
electronics, allowing for compact, high-
used 1n various

performance devices

applications.

The term VLSI originated in the 1970s

during the advancement of computer
microchips and semiconductor technologies.
VLSI design

including specification, architectural design,

involves multiple stages,

and testing, ensuring efficient and reliable

circuits for applications ranging from

consumer electronics to supercomputers.
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VLSI (Very Large Scale Integration)
Features:

« Massive Integration: Embeds millions
chip,

of transistors on a single

enhancing functionality and
performance.
Compact  Size:  Reduces  circuit
footprint, enabling smaller and more
efficient electronic devices.

High Performance: Integrates multiple
functions to improve processing speed
and efficiency.
Energy Efficiency: Consumes less
power, essential for mobile and IoT
applications.

Diverse Applications: Used in consumer
electronics, telecommunications,

healthcare, and various other industries.
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Design Specification and Architectural
Design:

VLSI design specifications include power
consumption, performance, functionality,
and chip area. Digital devices require an
abstract architectural description. After
defining specifications, the chip architecture
is designed based on functionality,
performance, and system requirements,
connections and

ensuring proper

component functions.

RTL Design:
Register Transfer Level (RTL) design uses
integrated circuits (ICs) to create electronic
circuits. RTL descriptions, written in
hardware description languages (HDL) like
VHDL or

functionality and behavior at a high level,

Verilog, define  circuit

serving as the design input.
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Applications of VLSI:
. Consumer  Electronics: Used in

smartphones, laptops, and smart

appliances for high-performance
processing.
Telecommunications: Powers

networking devices, wireless
communication, and signal processing
systems.

Healthcare: Enables medical imaging,
wearable health devices, and diagnostic
equipment.

Automotive: Supports advanced driver-
assistance systems (ADAS), sensors,

and infotainment systems.

Advantages of VLSI:
« Compact Size: Reduces the physical
footprint of electronic circuits.
Low Power Consumption: Enhances
energy efficiency, crucial for portable
devices.
Cost-Effectiveness: Lowers
manufacturing costs by integrating
multiple functions on a single chip.
High Performance: Improves processing

speed and overall system efficiency.
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. Increased Reliability: Reduces failure
rates with fewer interconnections and
improved design.

. Increased Reliability: Reduces failure
rates with fewer interconnections and

improved design.

Disadvantages of VLSI:
. Inflexible: Difficult to modify once the
design is finalized.

High Development Cost: Requires
expensive tools and expertise for design
and fabrication.
Manufacturing Challenges: Complex

fabrication processes increase
production difficulties.
Long Development Time: Designing

and testing VLSI chips take significant
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Conclusion :

A key aspect of VLSI design is the design
flow, which provides a structured and
efficient process for developing complex
integrated circuits. By following a well-
defined design flow, designers can navigate
various stages of the VLSI process, ensuring
and high-

the creation of reliable

performance electronic systems.

As technology advances, the VLSI design
process must evolve to address new
challenges and opportunities. Constraints
like power consumption and chip
complexity drive research into materials like
graphene, embedded memory, and 3D
integration, opening new possibilities across

multiple industries.
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COMPULSATORS

Compulsators, or compensated pulsed

alternators, are a specialized class of
rotating electrical machines designed for
delivering intense, short-duration energy
bursts. They are among the most advanced
and promising pulsed power sources for
applications such as electromagnetic
railguns, coilguns, and other pulsed power
systems. Unlike traditional energy storage
methods, compulsators provide high power
output in a compact and efficient design,
them 1ideal for

making hypervelocity

launchers and other demanding

applications.

Capacitor banks have traditionally been the
most commonly used energy sources for
such systems. However, their low energy
density and bulky design present significant
limitations. As an alternative, compulsators
are being developed to enhance the

performance of electromagnetic launch
systems. A key advantage of compulsators

1s the presence of a naturally occurring zero-
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current point in their waveform, eliminating
the need for crowbarring circuits required in
This

system design and

capacitor bank systems. inherent

feature simplifies

improves overall efficiency, making
compulsators a compelling choice for next-

generation pulsed power applications.

Shell Stator core

Excitation winding Armature winding
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Front cover
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Hybrid excitation compulsator
As the name implies, a compulsator is a type
of alternator that has been "compensated"
to enhance its ability to deliver pulses of
electrical energy more effectively than a
commonly used alternator. The
"compensation" in its design improves its

performance by reducing reactance and
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enhancing current output, enabling it to
meet the high power demands of these
systems effectively. They are AC generators
specifically engineered to produce high-
magnitude pulsed currents for a defined

duration.

=— Armature

- Slator Yoke

Permanent magnet complusator

The principle of operation of a compulsator
is based on the conversion of mechanical
energy into high-magnitude pulsed electrical
energy. It works similarly to a conventional
alternator but incorporates specific design
features to optimize it for pulsed power

applications.

A prime mover, such as a turbine, engine, or

motor, drives the compulsator's rotor,
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storing energy as rotational kinetic energy.
Through electromagnetic induction, the
compulsator converts this energy into high-
current pulses. Compensating windings or
design modifications minimize reactance,
reducing impedance for efficient energy
discharge. Unlike traditional alternators,
compulsators deliver short, intense bursts of
current, precisely timed to power railguns or

other pulsed systems.

Distingushed features:
« Reduced Reactance: Compensation

techniques minimize inductive reactance

for efficient high-current pulses.

High Speeds:

rotational speeds to store and release

Operates at high

large energy bursts.
Energy Storage & Discharge: Functions
as both a generator and storage system

for rapid energy transfer.

This makes compulsators ideal for compact,

high-performance pulsed power systems.
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THE ROLE OF ELECTRICAL ENGINEERING IN 5G
COMMUNICATION

The rollout (5G)

networks marks a major advancement in

of fifth-generation

telecommunications, delivering faster data
speeds, low-latency communication, and
connectivity for billions of devices.
Electrical engineering is central to the
development and optimization of these
technologies, ensuring that 5G networks can

meet the demands of the digital age.
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Key Features of 5G:
5G networks are defined by:
. Ultra-Reliable Low
Communication (URLLC): Extremely

low latency, crucial for autonomous

Latency

vehicles and remote surgeries.
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- Enhanced Mobile Broadband (eMBB):
High-speed data for applications like
streaming and VR.

« Massive Machine-Type Communication
(mMTC): Supporting billions of IoT
devices.

Contributions of Electrical Engineering:

« Advanced Antenna Design: Engineers
develop Massive MIMO and beam
steering technologies to improve data
throughput and signal quality, even at
higher frequencies like millimeter waves.
Signal Processing: OFDM and Adaptive
Modulation help optimize spectrum

usage and data rates.
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- RF Engineering: Electrical engineers
design low-noise amplifiers, filters, and
power-efficient transmitters to manage
high-frequency signals while minimizing
interference.

Power Efficiency: Engineers design low-
power circuits and dynamic power
allocation systems to minimize energy

consumption in dense networks.

Network Infrastructure: Engineers build

fiber-optic backhaul and support edge

computing and cloud  services,
integrating diverse technologies for agile

and scalable operations.

Challenges and future directions:

5G faces challenges including spectrum
management, high deployment costs, and
security concerns. Engineers are exploring
solutions such as terahertz communication,
and Al-driven

network optimization. Research into 6G

advanced beamforming,

aims to enhance speed, efficiency, and
reliability, paving the way for innovations
like holographic communication and ultra-
low-latency applications. Overcoming these

hurdles is crucial for the seamless
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evolution of next-generation wireless

technologies.

Conclusion:
Electrical engineering is crucial to the
success of 5@, driving innovations in
wireless communication. Engineers develop
advanced optimize

antennas, power

consumption, and enhance network
integration to ensure efficient, high-speed
connectivity. Their expertise enables the
low-latency

deployment of reliable,

networks that support emerging
technologies like IoT, Al, and autonomous
systems. As 5G evolves and paves the way
for 6G, electrical engineers will continue to
shape the future of global communication

and digital transformation.
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ARTIFICIAL INTELLIGENCE IN ELECTRICAL
ENGINEERING

Artificial

become a

Intelligence (AI) has

transformative force

rapidly
across
various fields, and electrical engineering is
no exception. With the ability to optimize
processes, enhance efficiency, and offer
AlD’s role

becoming

novel solutions, in electrical

engineering  is increasingly

indispensable.

Applications of Al in  Electrical
Engineering:

Power Systems and Smart Grids:

Al techniques, such as machine learning and
deep learning, are being employed to

improve power system stability, predict
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power demand, and optimize energy

distribution. Smart grids, which integrate
Al  with IoT of Things)

technologies, allow for real-time monitoring

(Internet

and management of power systems, leading
to reduced outages, energy losses, and
enhanced grid security. Al-based predictive
models also assist in managing renewable
energy sources, addressing the intermittent

nature of solar and wind power generation.

Control Systems:
In control engineering, Al algorithms are
used to design more efficient and adaptive
control systems. Traditional control systems
rely on predefined models, which may not
account for unexpected disturbances or
Al-based control
those

uncertainties. systems,

especially using reinforcement
learning, can learn and adapt in real-time,
making them more robust in handling
nonlinear and complex systems such as
vehicles, and

robotics, autonomous

industrial automation.
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Fault Detection and Diagnostics:

Electrical systems are prone to faults, which
can lead to costly downtime and damage.
Al has revolutionized fault detection and
diagnostics by enabling early identification
of potential failures in electrical components
and systems. Al-based algorithms analyze
data from sensors to predict faults, allowing
for preventive maintenance. This not only
improves system reliability but also reduces

maintenance costs and downtime.

Future Directions of Al in Electrical
Engineering:
« Al-Driven Automation: The future of

electrical engineering will rely on Al-

driven automation for self-monitoring,
self-healing, and optimization. Al-
powered robots will perform complex
tasks with precision and adaptability.

Al for Sustainable Engineering: Al will
enhance sustainability by designing
energy-efficient systems and optimizing
smart city infrastructure. This will
reduce energy consumption, improve
efficiency, and lower carbon footprints

across industries.
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Cybersecurity: With

interconnected systems like smart grids

. Enhanced

and IoT, Al-driven cybersecurity will
detect threats,

respond in real-time, ensuring network

predict attacks, and

integrity and resilience.

Conclusion:

The integration of Al into electrical
engineering is paving the way for smarter,
more efficient, and reliable systems. From
power systems and fault diagnostics to
renewable energy and signal processing, Al
is playing a pivotal role in advancing the
field. Looking ahead, Al-driven
automation, collaboration with quantum
computing, and the push towards
sustainability will further shape the future

of electrical engineering.
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WIRELESS POWER TRANSFER

(WPT) is a

technology that enables the transmission of

Wireless Power Transfer
electrical energy without the need for

physical wires. It works by using
electromagnetic fields to transfer power
from a transmitter to a receiver device. This
technology enhances mobility, convenience,
and safety, making it ideal for applications
where wired connections are impractical,
such as in

hazardous, or inconvenient,

medical implants, electric vehicles, and

consumer electronics.

TRANSMITTER RECEIVER

Wireless Power Transfer Principle:
The basic principle of WPT
electrical

involves
converting energy into an

electromagnetic field that propagates
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through space to a receiver, which then
it back
energy. WPT methods are classified into
and far-field

Near-field
techniques, such as inductive and capacitive

converts into usable electrical
near-field (non-radiative)
(radiative) techniques.
coupling, are commonly used for short-
distance applications like wireless charging
of smartphones and electric toothbrushes.
Far-field techniques, including microwave
and laser-based power beaming, enable
power transfer over long distances, with
potential applications like solar power

satellites and wireless-powered drones.

Advantages:

« Continuous Power Supply: Allows

uninterrupted power flow for devices
like IoT
equipment.
Enhanced Mobility: Enables

transfer to moving or implanted devices,

sensors and industrial

power

such as medical implants and electric
vehicles.
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- Eliminates Physical Wires: Enhances
convenience and reduces clutter in
electronic devices.

. Increased Safety: Reduces the risk of
electric shocks and failures due to

damaged wiring.

Challenges:

- Energy Loss and Efficiency: Wireless
power systems typically have lower
efficiency compared to wired

connections due to energy dissipation in
the air.

Limited Range: Near-field methods
work only at short distances, and far-
field methods require precise alignment.
High Implementation Cost: Advanced
WPT infrastructure, especially for long-
range applications, requires significant
investment.
Interference and Safety Concerns:
Electromagnetic waves may interfere
with other wireless communication

systems and pose potential health risks.
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Conclusion:

Wireless Power Transfer is a revolutionary
technology that offers significant benefits in
various  industries, from  consumer
electronics to healthcare and transportation.
While it faces challenges like efficiency
losses and cost constraints, ongoing
research is improving its feasibility for
broader applications. As technology
advances, WPT is expected to play a crucial
role in creating a more connected and wire-

free world.
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SMART HOMES: HOW ELECTRICAL
ENGINEERING IS REVOLUTIONIZING HOME
AUTOMATION

The concept of smart homes has been
decades, but

advancements in electrical engineering have

around  for recent
transformed the way we live, work, and
interact with our living spaces. In this
article, we’ll explore the role of electrical
engineering in  revolutionizing home
automation and creating smarter, more

sustainable homes.

The Rise of Smart Homes:

Smart homes are residences that integrate
advanced automation systems to control
and monitor various aspects of the home,
including lighting, temperature, security,

and entertainment. According to a report by
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Markets and Markets, the global smart
home market is expected to reach $146
billion by 2025, growing at a Compound
Annual Growth Rate (CAGR) of 9.5%.
Electrical Engineering’s Role in Smart
Homes:
Electrical engineers play a crucial role in
designing and developing the underlying
infrastructure that enables smart home
automation.
- Power Systems: Electrical engineers
design and develop power systems that
can efficiently manage the increased
power demands of smart home devices.
Sensor Systems: Electrical engineers
design and develop sensor systems that
can detect and respond to various
environmental  factors, such as
temperature, humidity, and light.
Control Systems: Electrical engineers
develop control systems that can
integrate and manage various smart
home devices, such as thermostats,

lighting systems, and security cameras.
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« Communication Protocols: Electrical

engineers  develop  communication

protocols  that enable  seamless
communication between smart home
devices, such as Wi-Fi, Bluetooth, and

Zigbee.

Smart Home Technologies:
Some of the most popular smart home
technologies include:

- Voice Assistants: Voice assistants like
Amazon Alexa and Google Assistant
enable homeowners to control smart
home devices using voice commands.
Smart Thermostats: Smart thermostats
like Nest and Ecobee can learn a home’s

temperature preferences and adjust the

temperature accordingly.

Smart Lighting: Smart lighting systems
like Philips Hue and LIFX can be
controlled remotely and adjust their
color and brightness based on the time
of day.

Home Security Systems: Home security
systems like Ring and Nest can detect
motion and alert homeowners to

potential security threats.
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Benefits of Smart Homes:
Smart homes offer numerous benefits,
including:

. Energy Efficiency: Smart homes can

optimize energy consumption by

automatically turning off lights and
appliances when not in use.
Increased Convenience: Smart homes
can be controlled remotely, enabling
homeowners to adjust the temperature,
lighting, and security systems from
anywhere.
Improved Safety: Smart homes can
detect potential safety hazards, such as
fires and water leaks, and alert

homeowners to take action.

Conclusion:

Smart homes are transforming modern
living, and electrical engineers are key to
developing the infrastructure for

automation. As technology advances,

innovative solutions will enhance
convenience, sustainability, and seamless

integration in everyday life.
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MICROGRIDS & DECENTRALIZED ENERGY
SYSTEMS: THE FUTURE OF SUSTAINABLE
ENERGY

In the evolving Ilandscape of energy
management, microgrids and decentralized
energy systems are gaining significant
attention for their potential to revolutionize
Unlike

traditional centralized grids, which rely on

power distribution and access.

large power plants and extensive
transmission networks, microgrids operate
as localized, self-sufficient energy systems.
These innovations are not just reshaping the
energy sector but also contributing to

sustainability, resilience, and energy equity.

What Are Microgrids?
A microgrid is a small-scale energy network
that can operate independently or in
conjunction with the main power grid.

It typically consists of:

- Energy storage systems: Batteries or
other storage technologies to ensure
supply consistency.

. Control systems: Advanced software
and hardware to

managc pPower

distribution and optimize performance.
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« Microgrids can serve a single facility
(e.g., a hospital or university campus) or

an entire community.

Advantages of Microgrids:

- Energy Security: Microgrids provide
reliable energy, even during natural
disasters or grid failures.

Environmental Benefits: By integrating
renewable sources, microgrids reduce
greenhouse gas emissions.

Cost

reduces transmission costs and can

Efficiency: Localized energy
lower electricity bills over time.

Empowering Remote Communities:
Decentralized systems bring electricity
to off-grid areas, fostering development

and improving quality of life.
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Technological Innovations Driving
Microgrids:

. Artificial Intelligence and Machine
Learning: These technologies optimize
energy generation and consumption.
Advanced Energy Storage: Innovations
in batteries, such as lithium-ion and
flow batteries, enhance reliability.
Blockchain in  Energy Trading:

Decentralized platforms enable peer-to-

peer  energy transactions  within
microgrids.

The future of microgrids is promising.

Governments and private sectors are

investing heavily in decentralized energy

systems to combat climate change and

improve energy resilience. As renewable

energy technologies and smart grid systems

advance, microgrids are set to play a central
role in the global energy transition.

By fostering localized energy independence
and supporting the integration of renewable
sources, microgrids and decentralized
systems offer a sustainable path forward in
the quest for reliable, clean, and equitable

energy for all.
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Conclusion:

The future of electrical microgrids is poised
for significant advancements, driven by
renewable energy integration, smart grid
technologies, and enhanced energy storage
solutions. These decentralized systems will
improve grid resilience, reduce reliance on
fossil fuels, and enable energy independence
for communities and businesses. With
advancements in Al, IoT, and blockchain,
microgrids will become more efficient,
autonomous, and capable of real-time
energy management. As demand for
sustainable and reliable power grows,
microgrids will play a crucial role in shaping
a resilient, decentralized, and eco-friendly

energy future.
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Michael Faraday

Nothing is too wonderful to be true, if it be consistent with the laws of
nature.

DEPARTMENT OF ELECTRICAL & ELECTRONICS ENGINEERING
LBS COLLEGE OF ENGINEERING
POVVAL, MULIYAR P O, KASARAGOD, KERALA-671542




