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PEOs
Develop and conduct appropriate electrical experimentation, analyze and
interpret data, and use engineering judgment to draw conclusions.
Acquire and apply new knowledge as needed, using appropriate learning
strategies through innovation.
Work independently on a project or as a team leader.
Get an employment in various government and private sector Companies,
pursue research and innovation.

Apply electrical engineering knowledge to analyze, test, and develop
innovative solutions for industries and entrepreneurship which aim to address
the relevant societal and environmental issues.
Utilize various modern electrical instruments and simulation tools to design,
analyze, and optimize complex electrical circuits and networks, incorporating
existing and emerging technologies.
Exhibit technical expertise in evaluating and modifying electrical systems for
energy efficiency, automation, interdisciplinary collaboration, and real-world
problem-solving.

PSOs

To produce comprehensively trained, socially responsible and innovative
electrical graduates to contribute to the society.

DEPARTMENT VISION

To develop well equipped laboratories and infrastructure for conducive
learning.
To produce competent and disciplined electrical engineers to serve the nation.
To help in building national capabilities for excellent energy management and
to explore nonconventional energy sources.
To produce electrical engineers with an attitude to adapt themselves to
changing technological environment.
To enhance entrepreneurship skills through startup.

DEPARTMENT MISSION



In today’s rapidly evolving technological landscape, Artificial
Intelligence (AI) is no longer just a futuristic concept—it is a powerful
tool that is revolutionizing every industry, including electrical
engineering.
From smart grids and predictive maintenance to energy forecasting,
fault detection, and automation, AI is enabling electrical systems to
become more efficient, intelligent, and adaptive. With the help of
machine learning algorithms and real-time data analysis, engineers
can now make faster and smarter decisions, optimize energy usage,
and enhance the reliability and resilience of power systems.
AI is also playing a significant role in the advancement of renewable
energy integration, electric vehicles, smart buildings, and intelligent
control systems—making it a critical skill for every aspiring electrical
engineer.
At our department, we are actively incorporating AI concepts into
our curriculum, research, and innovation initiatives. We encourage
our students to explore interdisciplinary learning, combining
traditional electrical engineering with data science and AI tools to
solve real-world challenges.
As we step into an era where machines learn and systems think, the
future belongs to engineers who can bridge the gap between
hardware and intelligence.
Let’s embrace AI as a catalyst for innovation and a pathway to a
smarter and more sustainable future.
Warm regards,
Dr. S. N.  Pandya
Head of Department
Department of Electrical Engineering
VGEC-Chandkheda
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AI-Driven System Optimization
Artificial intelligence has become pivotal in optimizing electrical power

systems. Machine learning algorithms analyze vast datasets from smart grids

to predict energy consumption patterns, detect anomalies, and optimize power

distribution in real-time. Neural networks are particularly effective in load

forecasting, enabling utilities to balance supply and demand more efficiently

while reducing operational costs and environmental impact.

In power electronics, AI algorithms optimize converter designs and control

strategies. Deep learning models can predict semiconductor behavior under

various operating conditions, leading to more efficient and reliable power

conversion systems. These AI-driven approaches significantly reduce design

time while improving performance metrics.

Prof. H.D.Mehta

THE ROLE OF ARTIFICIAL INTELLIGENCE & BIO-
INSPIRED TECHNIQUES IN ELECTRICAL

ENGINEERING

The rapid advancement of artificial intelligence

and bio-inspired methodologies is revolutionizing

electrical engineering, offering innovative

solutions to complex challenges that traditional

approaches struggle to address. This

interdisciplinary fusion is transforming how

engineers design, optimize, and control electrical

systems across multiple domains.



Bio-Inspired Algorithms in Circuit Design

Bio-inspired techniques, drawing from natural phenomena, offer elegant

solutions to complex optimization problems in electrical engineering.

Genetic algorithms, Differential Evolution etc. mimic evolutionary processes

to optimize circuit layouts, component sizing, and topology selection. These

algorithms excel at finding optimal solutions in multi-dimensional design

spaces where traditional methods fall short.

Particle swarm optimization, Artificial Bee Colony, Teaching Learning Based

Optimization and various other swarm optimization algorithms inspired by

the collective behavior of bird flocks, has proven highly effective in antenna

design and placement optimization. The algorithm's ability to explore

solution spaces efficiently makes it invaluable for electromagnetic design

challenges.

Artificial neural networks, modeled after biological neural systems, are

transforming signal processing applications. These networks excel at pattern

recognition in communication systems, enabling advanced modulation

schemes and adaptive equalization techniques that improve data

transmission reliability.

Practical Applications and Impact

Gen-AI in solar energy: advancing efficiency, maintenance, and grid integration.



Bio-inspired techniques, drawing from natural phenomena, offer elegant

solutions to complex optimization problems in electrical engineering.

Genetic algorithms, Differential Evolution etc. mimic evolutionary processes

to optimize circuit layouts, component sizing, and topology selection. These

algorithms excel at finding optimal solutions in multi-dimensional design

spaces where traditional methods fall short.

Particle swarm optimization, Artificial Bee Colony, Teaching Learning Based

Optimization and various other swarm optimization algorithms inspired by

the collective behavior of bird flocks, has proven highly effective in antenna

design and placement optimization. The algorithm's ability to explore

solution spaces efficiently makes it invaluable for electromagnetic design

challenges.

Artificial neural networks, modeled after biological neural systems, are

transforming signal processing applications. These networks excel at pattern

recognition in communication systems, enabling advanced modulation

schemes and adaptive equalization techniques that improve data

transmission reliability.

Future Prospects

The integration of AI and bio-inspired techniques is yielding benefits across

electrical engineering disciplines. In renewable energy systems, AI

algorithms optimize solar panel positioning and wind turbine control,

maximizing energy harvest while minimizing maintenance costs. Smart

building systems use machine learning to optimize lighting, heating, and

electrical load management based on occupancy patterns and environmental

conditions.

Motor control systems benefit from AI-driven predictive maintenance,

reducing downtime and extending equipment lifespan. Bio-inspired swarm

intelligence algorithms coordinate distributed energy resources, creating

resilient microgrids that can operate independently during grid disturbances.



The Foundational Link Between
Automation and Electrical Engineering

Electrical engineering serves as the backbone of industrial automation

systems. All automation hardware—sensors, actuators, relays, drives, and PLCs

—operate based on electrical and electronic engineering principles. Electrical

engineers play a key role in designing and implementing automation systems,

from developing control panels to setting up Motor Control Centers (MCCs).

THE ROLE OF INDUSTRIAL AUTOMATION IN
ELECTRICAL ENGINEERING

Industrial automation is a cornerstone of modern

industry and plays an increasingly vital role in

electrical engineering. It involves the use of control

systems—such as computers, Programmable Logic

Controllers (PLCs), and information technologies—to

operate industrial processes and machinery with

minimal human intervention. As industries evolve,

electrical engineers are at the forefront of integrating

automation solutions to enhance efficiency,

productivity, safety, and reliability. This integration

has transformed conventional electrical engineering

practices, paving the way for innovation and

intelligent problem-solving.

Prof. B.K. Patel



Automation in Power Systems

A strong foundation in circuits, electromagnetism, electrical machines, and

power systems is essential to building reliable and efficient automation

infrastructures.

Automation has revolutionized the power sector, a major domain within

electrical engineering. Engineers utilize Supervisory Control and Data

Acquisition (SCADA) systems to monitor, control, and protect power systems,

enabling real-time supervision of substations, transformers, and

transmission lines. With the integration of automated relays and Intelligent

Electronic Devices (IEDs), fault detection and isolation have become

significantly faster and more precise, improving system reliability.

In smart grid applications, automation facilitates real-time load balancing,

power quality monitoring, and the seamless integration of renewable energy

sources. Technologies such as Automatic Generation Control (AGC) and

demand response strategies—implemented and managed by electrical

engineers—are now essential for modern power system operations.

Controlling industrial motors and drives is another vital area of automation.

These components form the backbone of mechanical operations in

manufacturing plants. Devices such as Variable Frequency Drives (VFDs),

servo motors, and soft starters are employed to regulate motor speed and

torque in response to process requirements.

Electrical engineers are responsible for selecting appropriate drive systems,

configuring control parameters, and ensuring system safety and reliability.

Automation enables machines like conveyors, pumps, and compressors to

operate with enhanced precision and energy efficiency. Feedback systems

and sensors dynamically adjust their performance, resulting in lower energy

consumption and reduced mechanical stress. This level of control demands

in-depth knowledge of electrical machines, power electronics, and control

theory—core areas of electrical engineering.

Automation in Industrial Drives and Machinery



Instrumentation and Control Systems

Programmable Logic Controllers
(PLCs) and SCADA

Instrumentation is the eyes and ears of industrial automation. It comprises

sensors, transmitters, and controllers used to measure and regulate physical

variables such as temperature, pressure, flow, and level. Electrical engineers

design, calibrate, and integrate these instruments into closed-loop control

systems, often using Proportional-Integral-Derivative (PID) controllers for

precise regulation.

With Distributed Control Systems (DCS) and PLCs, engineers build scalable,

flexible, and robust automation systems. These systems efficiently manage

complex processes across multiple units in a plant, significantly reducing

human error and downtime while increasing operational reliability.

PLCs are the heart of industrial automation. These rugged digital computers

execute user-defined programs—usually written in Ladder Logic or Function

Block Diagrams—to automate equipment such as motors, valves, and alarms.

PLCs interface with sensors and actuators to enable real-time control and

monitoring.

SCADA systems complement PLCs by providing graphical user interfaces,

real-time data visualization, alarm systems, and historical data analysis.

Together, PLC and SCADA technologies enable comprehensive plant

automation across diverse sectors including oil refining, chemical

processing, water treatment, and packaging.

Key Benefits of Automation in
Electrical Engineering Practice

Automation has significantly reshaped the practice of electrical engineering,

offering numerous advantages:



Increased Efficiency: Automated systems perform repetitive tasks faster

and more accurately, reducing production cycles.

Enhanced Safety: Reduces human exposure to hazardous electrical and

mechanical environments.

Energy Optimization: Intelligent control systems help regulate power

usage, lowering energy costs.

Improved Reliability and Consistency: Minimizes human errors and

ensures process uniformity.

Predictive Maintenance: Smart sensors enable condition monitoring

and early fault detection, preventing unexpected equipment failures.

Despite its many advantages, industrial automation faces several challenges:

High Initial Investment: The cost of automation technology can be

prohibitive for small-scale industries.

Skill Shortage: There is a growing need for engineers with expertise in

automation software, hardware, and integration platforms.

System Complexity: Managing and troubleshooting integrated systems

can be challenging without proper training.

To address these challenges, continuous professional development in

programming languages (like Ladder Logic and Structured Text), and

familiarity with platforms such as Siemens TIA Portal and Rockwell Studio

5000 is essential for today’s electrical engineers.

Challenges and the Road Ahead



Industrial automation is a necessity in modern electrical engineering

practice. It enhances operational productivity, improves safety, and supports

sustainability across various industries, including manufacturing, energy,

transportation, and infrastructure. Electrical engineers are key players in the

design, implementation, and maintenance of automated systems. As digital

transformation accelerates, the convergence of automation and electrical

engineering will continue to drive innovation, efficiency, and excellence in

industrial operations.

Conclusion



Understanding Smart Grids
A smart grid is an electricity network that utilizes digital technology,

communication systems, and automation to monitor and manage the flow of

electricity. Unlike traditional grids, which operate in a one-way supply chain,

smart grids are bi-directional and support the integration of renewable energy,

real-time monitoring, and decentralized energy resources (like rooftop solar

panels or electric vehicles) (IEA, 2022).

However, this increased complexity also presents challenges in managing load,

maintaining grid stability, detecting faults, and optimizing energy distribution

— and that's where AI plays a critical role.

THE ROLE OF ARTIFICIAL INTELLIGENCE IN
SMART GRIDS

In the evolving landscape of electrical power systems,

Smart Grids represent a transformative shift toward

more efficient, reliable, and responsive energy

management. Central to this transformation is

Artificial Intelligence (AI) — a technology capable of

learning, predicting, and optimizing the behavior of

complex systems. The integration of AI into smart

grids is revolutionizing how electricity is generated,

transmitted, distributed, and consumed.

Saloni Rajput



How  AI  Powers  Smart  Grids

1. Load Forecasting and Demand Prediction

AI algorithms like Artificial Neural Networks (ANNs) and Support Vector

Machines (SVMs) analyze historical consumption patterns, weather data, and

socio-economic trends to predict future demand. This enables utilities to:

Balance generation and demand effectively

Avoid overloads and blackouts

Schedule generation economically

In India, Power System Operation Corporation (POSOCO) uses AI models for

load forecasting across regional grids, especially during events like festivals or

heatwaves (POSOCO, 2023).

2. Fault Detection and Self-Healing

Smart grids equipped with sensors and smart meters continuously send data

to control centers. AI can process this real-time data to detect abnormalities,

locate faults, and even isolate the faulty sections without human intervention.

AI-powered self-healing networks improve system reliability and reduce

outage times (DOE, 2021). For instance, utilities in the U.S. use machine

learning to predict transformer failures before they happen, allowing for

proactive maintenance.

3. Energy Theft Detection

Energy theft is a major issue in countries like India. Using AI, utilities analyze

meter data to detect anomalies such as sudden drops in recorded consumption

or unusual load curves. Techniques like clustering, decision trees, and pattern

recognition help identify and flag suspicious behavior in real time (Khan &

Mahmood, 2019).

4. Renewable Energy Integration

One of the biggest challenges in using solar and wind energy is intermittency.

AI helps forecast solar radiation and wind speeds with high accuracy, enabling

grid operators to better plan how much renewable power will be available

(IRENA, 2021).



5. Smart Charging of Electric Vehicles (EVs)

With the rise of EVs, managing their charging demands is critical to avoid

overloading local grids. AI enables demand-side management by scheduling

EV charging during off-peak hours or when renewable energy is available

(Zhang et al., 2020).

Globally, companies like Tesla use AI for vehicle-to-grid (V2G) applications,

where EVs can feed electricity back into the grid when needed, acting as

distributed storage units.

6. Grid Optimization and Energy Management

AI-based optimization algorithms help determine the most efficient way to

route electricity, minimize losses, and maintain voltage and frequency

stability. These models constantly adapt to changing grid conditions and

improve over time (Fang et al., 2022).

Smart cities like Amsterdam and Singapore are leveraging AI to optimize

electricity usage across residential, commercial, and industrial zones.

Benefits of AI in Smart Grids:-
Increased Reliability: Early detection of faults and predictive maintenance

prevent outages.

Operational Efficiency: Real-time decisions based on vast data analysis

optimize resource usage.

Cost Reduction: Better forecasting and automation reduce operational

costs.

Environmental Impact: AI helps integrate more renewable energy sources,

reducing dependence on fossil fuels.

Challenges and Limitations:-
Despite its advantages, AI integration in smart grids is not without challenges:

Data Privacy and Security: Continuous data exchange can make grids

vulnerable to cyberattacks.

Initial Investment: Implementing AI infrastructure requires significant

capital.

Interoperability: Legacy systems may not easily integrate with new AI-

based systems.

Skilled Workforce: There’s a growing need for engineers skilled in both

electrical systems and AI tools.



Future Outlook:-

As India marches toward its Net Zero 2070 goal and global energy demands

grow, the role of AI will become increasingly vital. With smart metering

initiatives like the Revamped Distribution Sector Scheme (RDSS) and AI-

powered forecasting at load dispatch centers, India is well-positioned to lead

the smart grid revolution in the developing world.

Globally, AI is expected to be the brain of future energy systems, making the

grid smarter, greener, and more responsive to both human and environmental

needs.
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Prof. H.B. Vaghela

INDIA: THE GLOBAL LEADER IN ULTRA HIGH
VOLTAGE AC ELECTRICAL POWER
TRANSMISSION TECHNOLOGIES

The growing demand for electricity and the need to transmit bulk power

over long distances with minimal losses have driven the evolution of power

transmission technologies worldwide. Among these, Ultra High Voltage

(UHV) AC transmission plays a pivotal role in efficiently transporting large

quantities of electrical energy from generation centers to distant load

centers. By increasing the voltage level, power utilities can significantly

reduce transmission losses, improve voltage regulation, and optimize the

Right of Way (RoW).

Globally, several countries have invested in UHV transmission networks,

with India leading the field through its development of the world’s highest

voltage class — 1200 kV AC.

India has emerged as a global pioneer in Ultra High

Voltage Alternating Current (UHVAC) power

transmission technologies, achieving significant

milestones in both innovation and implementation.

With the successful development and

commissioning of the world’s highest voltage level

UHVAC transmission infrastructure at 1200 kV, India

has set new benchmarks for transmission efficiency,

environmental sustainability, and technological

self-reliance. This article chronicles India’s journey

in UHVAC systems, compares global voltage

standards, and highlights the nation’s strategic

position in the world of ultra high-voltage power

transmission.



Global Comparison of UHVAC
Transmission Technologies

Parameter \ Country

Max Line Voltage

(kV)

India 

1200

Kazakhs

tan

1150 

China

1100

Japan
1000 

Transmission

Capacity (MW)
8000–10000 5500 12000 ~3000

Year Commissioned 2012 (pilot) 1985 2018
Pilot(19

90s)

Transmission

Distance (km)

235 (Test

Line)
432 3293 Limited 

Indigenous

Development
Yes No Yes Yes

Commercial Use
Pilot – for

testing 

Operatio

nal

Fully

Commercial 
Pilot 

India’s 1200 kV UHVAC Milestone

Table 1: Comparative Overview of Global UHVAC Transmission Systems

India’s journey in UHVAC technology took a significant leap when Bharat

Heavy Electricals Limited (BHEL) successfully developed and commissioned

the country’s first 1200 kV, 333 MVA single-phase auto transformer at the

National Test Station in Bina, Madhya Pradesh. This achievement was a result

of two years of rigorous R&D, supported by a Memorandum of Understanding

(MoU) between BHEL and Power Grid Corporation of India Limited (PGCIL).



 Key Features of India’s 1200 kV UHVAC System:

⦁ Voltage Class: 1200 kV (Highest globally)

⦁ Transformer Rating: 333 MVA, 1150/400/33 kV single-phase auto

transformer

⦁ Transmission Capacity: Estimated 8000–10000 MW per line

⦁ Test Station Location: Bina, Madhya Pradesh

⦁ Manufactured By: BHEL, Bhopal Plant

⦁Testing & Validation: Developed through in-house R&D; successfully

charged the 1200 kV transmission line

This development propelled India into an exclusive group of nations

possessing indigenous capability for UHVAC systems.

India’s 1200 kV Transmission Line at Bina Substation



Manufacturing & Testing Facilities

BHEL has established state-of-the-art facilities at its Bhopal plant, capable of

manufacturing EHV, HVDC, and UHVAC transformers and reactors. This

modern plant has an installed capacity of 12,000 MVA annually for large

transformers, contributing to the country’s growing demand for high-

capacity, efficient power transmission equipment.

1200 kV Transformer manufactured by BHEL at Bhopal Facility

Significance for India’s Power Sector

The 1200 kV UHVAC system offers several strategic advantages for India: 

-Higher Transmission Efficiency: Reduced line losses due to elevated

voltage levels. 

-Compact Right-of-Way: Narrower corridors required for equivalent power

transfer. 

-Enhanced Grid Stability: Capable of integrating renewable energy sources

from remote locations. 

-Energy Security: Facilitates interregional power transfer, balancing

regional surpluses and deficits. 

-Technology Leadership: Positions India as a self-reliant nation in UHVAC

technology development.



By championing UHVAC systems, India not only addresses its growing power

demand but also positions itself as a technological leader capable of guiding

other emerging economies in their energy infrastructure development

journeys.
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While India’s 1200 kV UHVAC system currently operates as a pilot, its

successful implementation paves the way for future commercial UHVAC

networks. Integrating Ultra High Voltage Direct Current (UHVDC) and

UHVAC corridors can further enhance bulk power transfer capabilities,

especially critical for renewable energy integration. 

India’s achievement in developing and operating the world’s highest UHVAC

transmission system demonstrates the country’s engineering prowess,

innovation capacity, and commitment to energy security. It places India at

the forefront of global high-voltage transmission technologies, setting new

benchmarks for efficiency, environmental impact, and technological

leadership.

Final Outcome


