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PRINICIPAL MESSAGE  

It gives me immense pleasure to present to you the latest edition of E-Wave Magazine, a reflection
of the vibrant energy, creativity, and achievements of our school community. As we look back on
the academic year 2024–2025, we are filled with pride at the remarkable progress and spirit
demonstrated by our students and staff  alike.

This year has been one of innovation, resilience, and excellence. From academic milestones to co-
curricular triumphs, our students have once again proven that they are capable of achieving great
heights. The pages of this magazine are a testament to their dedication, talent, and the guidance
provided by our passionate educators.

E-Wave continues to be a platform that nurtures young voices, encourages critical thinking, and
celebrates the diversity and creativity of our students. I encourage all readers to explore the various
articles, artworks, and accomplishments featured in this edition, as they represent the heart and
soul of our school.

I extend my heartfelt appreciation to the editorial team, faculty members, and students who
contributed their time and efforts to make this publication a success. Let this magazine be a source
of inspiration for us all as we continue to strive for excellence in all that we do.

Wishing everyone a joyful and fulfilling year ahead.

 Dr.Sarat Kumar Maharan
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HEAD OF THE DEPARTMENT MESSAGE

It is with great pride and enthusiasm that I extend my warmest greetings to all readers of the E-Wave
Magazine as we unveil the July 2024–2025 edition. This publication continues to serve as a meaningful
platform for our students to showcase their ideas, talents, and accomplishments beyond the confines of
the classroom.

Over the past academic year, we have witnessed remarkable growth in our students—not only in
academic pursuits but also in their ability to think creatively, express themselves confidently, and
contribute positively to the school community. This magazine stands as a reflection of their journey,
their voice, and their spirit.

As the Head of Department, I am especially proud to see how our subject area has encouraged
students to explore new dimensions of learning, to question, to imagine, and to innovate. The
contributions featured here are a testament to their dedication and the support they receive from our
passionate faculty.

I commend the editorial team for their hard work and vision in bringing together such a vibrant and
inspiring edition. May this magazine continue to encourage curiosity, creativity, and connection among
all who read it.   

                                                                                                                   
                                                                                                                         Dr. Ravi Narayan Panda
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EDITORIAL BOARD

FACULTY MEMBER

STUDENT MEMBER

It gives me immense pleasure to announce the release of the July 2024-25 issue of EWave. The
primary focus of this technical e- magazine is to empower our students with overall development. I
am grateful to everyone involved in making this journey successful.

This humble initiative is to set the budding minds free and allowing them to roam free in the realm
of imagination and experience to create a world beauty in words. The enthusiastic Write ups of our
young editors are undoubtedly sufficient to hold the interest and admiration of the readers. This
magazine is indeed a pious attempt to make our young talents to give shape to their creativity and
learn the art of being aware because I believe that success depends upon our power to perceive,
observe and the power to explore. We are sure that the positive attitude, hard work, sustained
efforts and innovative ideas exhibited by our young buddies will surely stir the minds of the readers
and take them to the surreal world of unalloyed joy and pleasure. 

                                                                                                                       Prof. Monalisa Samal 

Prof. jharana BeheraProf. Monalisa Samal

Rasmita Rout(4th year) Swaraj Singh (2nd Year) Hemlata(2nd Year) Sanchali Mohapatra(3rd year)
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DEPARTMENT OF
ELECTRONICS AND COMMUNICATION ENGINEERING

Electronics and Communication Engineering is one of the most upcoming areas of Research
&Engineering among all other branches of engineering. As of today, Electronics and Communication
Engineers are working in all spheres of modern industry. The goal of this course is to impart all-round
technical education to the students to fulfil the requirements of new challenges of industries to solve the
practical problems of our daily life, as well as to find new ways.  
 
The Department of Electronics and Communication Engineering was established in the year 2007. The
department has well equipped Labs and dedicated and ebullient faculties having vast experience in their
respective fields. Industrial visits and practical projects are also encouraged by the department in various
sectors.  
  
Vision 
 
To establish a conducive ambience for advancing and enriching the knowledge of electronics and
communication engineering, through qualitative and holistic collaboration among students, faculties, PG
Scholars, Domain experts from premier institutions and Research laboratories 
 
Mission 
 
M1: Motivate and educate students about fundamentals and latest technical skills in Electronics and
Communication Engineering, Circuit Design and Signal Processing. 
M2: Create a distinctive culture of research and innovation among faculty members and students, with
an inherent focus on behavioural and communication aspects. 
M3: Encourage students to undertake R&D activities through academia industry collaboration for the
societal needs with high ethical standards.  
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A REVIEW ON THE EVOLUTION AND FUTURE SCOPE OF 6G
WIRELESS COMMUNICATION

1. Abstract

This article reviews the progression of mobile communication technologies from 1G to 5G and explores
the emerging 6G wireless technology. It highlights the limitations of existing networks, discusses the
envisioned features and use cases of 6G, and examines the enabling technologies, challenges, and
research directions that will shape the future of wireless communication.

2. Introduction

The evolution of wireless communication has been transformative, from the analog voice services of 1G
to the high-speed data and ultra-low latency capabilities of 5G. With increasing demands for immersive
experiences, massive connectivity, and ubiquitous intelligence, the need for a sixth-generation (6G)
network is becoming imminent. This paper presents a comprehensive review of the past developments
and the anticipated future of 6G wireless communication.

3. Evolution from 1G to 5G: A Brief Overview

Generation Key Features Technology Used

1G Analog voice AMPS 

2G Digital voice, SMS GSM, CDMA

3G Mobile internet, video calls UMTS, WCDMA

4G High-speed internet, HD video LTE, OFDMA

5G Enhanced data rate, IoT support Massive MIMO, mmWave, Beamforming

4. Limitations of 5G

Limited spectrum availability in mmWave bands
High energy consumption
Limited coverage in rural/remote areas
Inadequate support for ultra-high reliability and real-time AI services

5. Vision and Objectives of 6G

6G aims to create a truly intelligent, autonomous, and immersive communication platform. Key
objectives include:
Terahertz (THz) frequency communication
Ultra-high data rates (up to 1 T

Prof . Monalisa Samal
           Faculty

  GANDHI AUTONOMOUS Bhubaneswar
        Phone No.-7008933039

     Email_id- monalisa@gift.edu.in
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End-to-end latency < 1 ms

Native integration of AI/ML

Holographic communications and tactile internet

Sustainable and green networks

6. Potential Applications of 6G

Augmented Reality (AR), Virtual Reality (VR), and Mixed Reality (MR)

Autonomous vehicles and smart transportation

Remote surgery and advanced healthcare systems

Smart cities and intelligent infrastructure

Industry 5.0 automation

Brain-computer interfaces (BCI)

7. Challenges in 6G Development

High implementation cost and energy efficiency concerns

Health and environmental impacts of THz waves

Regulatory and spectrum allocation issues

Need for global standardization

Integration with legacy systems (4G/5G)

8. Current Research Trends and Global Efforts

Hexa-X project (EU)

6G Flagship Program (Finland)

Next G Alliance (USA)

RIKEN and NTT (Japan)

These programs aim to define standards, develop prototypes, and establish use cases for 6G.

9. Conclusion

6G is set to revolutionize global communication by connecting not just people, but intelligent

machines, environments, and systems. While there are numerous technological and regulatory

hurdles, global collaborative research and advancements in AI, THz communication, and quantum

technologies are laying the foundation for 6G. It promises to be the backbone of future digital

societies.
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AN IOT-BASED APPROACH FOR SMART TRAFFIC
MANAGEMENT SYSTEMS

1. Abstract
Urban areas are increasingly plagued by traffic congestion, pollution, and delays due to outdated traffic
control systems. An IoT-based approach offers a dynamic, intelligent solution for traffic management by
integrating smart sensors, connected devices, and real-time data analytics. This article explores how IoT
can be effectively utilized to enhance urban mobility, reduce congestion, and create safer, smarter
transportation networks.

Prof. Jharana Behera
           Faculty

  GANDHI AUTONOMOUS Bhubaneswar
        Phone No.-9090060199

     Email_id- jharana.b@gift.edu.in

2. Introduction

The exponential growth of urban populations and

vehicle ownership has made efficient traffic

management a critical need for modern cities.

Traditional traffic systems rely on pre-set signal

timings and manual interventions, which often lead

to bottlenecks and inefficiencies. The Internet of

Things (IoT), with its ability to interconnect

physical devices and collect real-time data, presents

a transformative solution. By enabling real-time

traffic analysis and control, IoT technology can

significantly improve traffic flow, reduce travel

time, and enhance commuter experience.
3. System Architecture of IoT-Based Traffic Management
An IoT-based traffic system typically consists of smart sensors installed on roads, surveillance cameras,
RFID readers, microcontrollers, cloud servers, and user interfaces. Sensors detect vehicle presence,
speed, and traffic density, while cameras and RFID readers help in vehicle identification and rule
violation monitoring. Microcontrollers such as Arduino or Raspberry Pi process the data locally before
sending it to a cloud server via IoT gateways. The cloud platform performs data analytics and manages
traffic control decisions. A mobile app or web dashboard provides real-time traffic updates and alerts to
both commuters and traffic authorities.

4. Working Methodology
The system begins by collecting real-time data from various sensors and devices. This data is transmitted
to a centralized cloud or edge processing unit. Algorithms analyze the current traffic conditions and
dynamically adjust traffic signal timings based on vehicle density at intersections. If  an emergency
vehicle is detected, the system prioritizes its movement by clearing its route. Additionally, smart parking
modules notify users of available spaces, minimizing the time spent searching for parking. These
processes result in smoother traffic flow and better traffic law enforcement.
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5. Key Features and Benefits

An IoT-based traffic system offers numerous advantages. It enables real-time traffic monitoring,

adaptive signal control, emergency vehicle prioritization, and violation detection. The system also helps

in reducing fuel consumption and air pollution by minimizing idle time at signals. Moreover, it provides

traffic pattern analytics that aid in long-term urban planning and congestion forecasting. Drivers benefit

from mobile notifications regarding congestion and alternative routes, enhancing overall efficiency.

6. Applications and Use Cases

Smart intersections use sensors and cameras to dynamically manage traffic signals based on real-time

conditions. Emergency routing systems detect ambulances or fire trucks and grant them right-of-way.

Smart parking systems identify and relay available parking spots through mobile apps. Traffic violation

detection uses cameras to capture instances of red-light jumping or speeding, generating automated

fines. These use cases improve traffic enforcement and reduce human error.

7. Challenges and Limitations

Despite its advantages, IoT-based traffic management faces several challenges. High installation and

maintenance costs, especially in developing regions, can be a barrier. Ensuring data privacy and security

is also crucial, as traffic data can be sensitive. Sensor calibration, connectivity issues, and integration

with existing legacy systems can hinder smooth deployment. Additionally, the performance of the

system depends on the reliability of the communication infrastructure and real-time data processing

capabilities.

8. Future Scope

The future of traffic management lies in deeper integration with emerging technologies such as artificial

intelligence, 5G communication, and autonomous vehicles. Vehicle-to-Infrastructure (V2I)

communication will enable seamless coordination between cars and traffic systems. Drones may be used

for aerial traffic surveillance, while AI will be used to predict traffic behavior and optimize flow. Smart

cities will increasingly rely on such systems to build sustainable and resilient transport networks.

9. Conclusion

IoT-based smart traffic management systems present a promising solution to modern traffic issues.

Through real-time monitoring, intelligent control, and adaptive signaling, these systems enhance traffic

efficiency and reduce congestion. Although implementation challenges exist, the potential benefits far

outweigh the drawbacks. As cities grow and technologies evolve, IoT will be at the core of next-

generation traffic solutions, making urban mobility smarter, safer, and more sustainable.
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DESIGN AND ANALYSIS OF RECONFIGURABLE ANTENNAS
FOR NEXT-GENERATION WIRELESS NETWORKS

1. Abstract

The demand for high data rates, flexible connectivity, and dynamic spectrum access in next-
generation wireless networks has led to the development of reconfigurable antennas. These antennas
can adapt their frequency, radiation pattern, or polarization in real time, offering improved
performance and spectrum efficiency. This article presents an overview of the design, working
principles, types, and analysis of reconfigurable antennas, emphasizing their crucial role in future
wireless communication systems such as 5G and 6G.

Abhishek Das
2101298296

4th Year, ECE

2. Introduction

With the emergence of 5G and the evolution

towards 6G wireless networks, traditional fixed-

function antennas face limitations in adapting to

diverse communication requirements.

Reconfigurable antennas have emerged as a

promising solution to address these challenges. By

modifying their electrical or structural properties,

these antennas can support multiple

communication standards and dynamically respond

to environmental conditions. Their integration into

mobile devices, base stations, and IoT nodes

enhances network efficiency and flexibility. 

3. Design Methodologies

The design of reconfigurable antennas involves selecting the appropriate substrate, radiating elements,
and tuning mechanisms. Common tuning techniques include the use of PIN diodes, varactor diodes,
MEMS switches, and liquid crystals. These components allow the antenna to modify its electrical
properties dynamically. Simulation tools such as HFSS, CST, or FEKO are widely used to design and
analyze the performance of reconfigurable antennas. Antenna parameters like return loss, gain,
bandwidth, and radiation patterns are evaluated to ensure optimal performance across multiple
configurations.
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4. Working Principle

Reconfigurable antennas operate by physically or electrically modifying parts of their structure or
circuitry to alter their radiation behavior. For example, a frequency reconfigurable antenna may use PIN
diodes connected across slots in the patch, and switching these diodes on or off  effectively changes the
current distribution, resulting in a shift in resonant frequency. Pattern reconfiguration is often achieved
using rotating elements or parasitic elements placed around the main radiator. The tuning elements are
controlled either manually or through embedded microcontrollers depending on the application
requirements.

5. Applications in Next-Generation Networks

Reconfigurable antennas have vast potential in modern wireless networks. In 5G and 6G systems, they
enhance beamforming capabilities and enable better control over interference and signal direction. In
cognitive radio networks, they allow devices to sense and adapt to available frequency bands efficiently.
In IoT and vehicular communication, compact reconfigurable antennas reduce the need for multiple
antennas in constrained environments. They are also suitable for satellite communication, MIMO
systems, and wearable technology due to their versatility and compact design.

6. Future Scope

The future of reconfigurable antennas is promising, especially with the ongoing research in
nanomaterials, AI-assisted optimization, and software-defined radio. New materials like graphene and
metamaterials can enable faster and more efficient switching. Artificial Intelligence and Machine
Learning algorithms are expected to optimize reconfiguration decisions in real time, improving system
performance. Furthermore, integration with Massive MIMO, THz communication, and satellite
networks will expand the role of reconfigurable antennas in next-generation wireless systems.

7. Conclusion

Reconfigurable antennas represent a significant advancement in antenna technology, capable of meeting
the demanding requirements of next-generation wireless networks. Their ability to adapt to changing
conditions and support multiple functionalities in a single compact design makes them essential for
future communication systems. Despite some technical challenges, continued research and innovation
will ensure their widespread adoption across various wireless applications, including 5G, 6G, and
beyond.



      DEPARTMENT OF ECE             11                                    E-WAVE

WEARABLE IOT DEVICES FOR REAL-TIME HEALTH
MONITORING: A COMPREHENSIVE STUDY

1. Abstract

The integration of wearable technology with the Internet of Things (IoT) has revolutionized healthcare
by enabling real-time health monitoring. Wearable IoT devices continuously track vital signs such as
heart rate, blood pressure, temperature, oxygen levels, and physical activity. This article provides a
comprehensive study on the architecture, functionalities, applications, benefits, and challenges
associated with wearable IoT devices for health monitoring.

2. Introduction

The rising demand for personalized and preventive

healthcare has led to the development of wearable

devices that can monitor an individual's health status

in real time. These devices, when integrated with IoT

technology, create a network of smart, connected

medical systems. Wearable IoT devices offer

continuous, remote monitoring and data collection,

reducing the need for frequent hospital visits and

enabling early diagnosis and intervention. Their

application ranges from fitness tracking to chronic

disease management. 
3. Architecture of Wearable IoT Systems

A typical wearable IoT system consists of several key components: biosensors, a processing unit, a

communication module, a power source, and cloud or edge servers. Biosensors embedded in the

wearable device collect physiological data. The processing unit analyzes the data locally or transmits it

through wireless communication protocols such as Bluetooth, Wi-Fi, or ZigBee. The data is then sent to

a cloud platform for storage, advanced analytics, and visualization. Health professionals and users can

access this data through mobile apps or dashboards for real-time insights.

4. Types of Wearable Health Devices

There are several categories of wearable health devices based on their function. Fitness bands and

smartwatches track basic activities like steps, heart rate, and sleep patterns. ECG monitors detect heart

rhythms and can alert users of irregularities. Smart patches are skin-attachable devices that monitor

glucose levels or hydration. Wearable blood pressure monitors and pulse oximeters offer more

advanced monitoring for patients with chronic conditions. Smart textiles embedded with sensors can

also provide continuous health data without discomfort.

Rashmita Rout
2101298335

4th Year, ECE
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5. Applications in Healthcare

Wearable IoT devices are widely used in remote patient monitoring, especially for elderly and chronic
disease patients. They enable continuous assessment without hospitalization. In sports and fitness, these
devices help track performance, recovery, and injury prevention. Post-surgical care is another key area,
where wearables ensure timely alerts in case of complications. These devices are also used in
rehabilitation monitoring, mental health tracking, and even in early detection of diseases such as
arrhythmia or sleep apnea.

6. Benefits of Real-Time Health Monitoring

The major advantage of wearable IoT health devices is real-time data collection and instant feedback.
This facilitates early detection of potential health issues and enables prompt medical intervention. They
also empower patients to manage their own health, promote preventive care, reduce healthcare costs, and
decrease the burden on hospitals. Physicians can remotely monitor patients and adjust treatment plans
based on live data, improving clinical outcomes and patient engagement.

7. Future Scope and Innovations

The future of wearable IoT devices in healthcare looks promising with advancements in AI, machine
learning, and 5G technology. AI-powered wearables can detect anomalies and predict health issues
before symptoms appear. Flexible electronics, nanotechnology, and smart fabrics will enable more
comfortable and discreet health monitors. Integration with blockchain can enhance data security. The
combination of wearables with telemedicine and virtual care platforms will lead to more accessible and
effective healthcare delivery.

8. Conclusion

Wearable IoT devices have the potential to transform healthcare from a reactive to a proactive model by
providing continuous, real-time health monitoring. They empower individuals, support remote care, and
enable better clinical decisions through data-driven insights. While challenges remain in terms of data
privacy, power efficiency, and standardization, ongoing technological advancements and growing user
acceptance are paving the way for the widespread adoption of these intelligent health monitoring
systems.
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VLSI IMPLEMENTATION OF ADVANCED ENCRYPTION
STANDARDS FOR SECURE COMMUNICATION

1. Abstract

With the increasing need for secure communication in modern technology, encryption plays a pivotal
role in protecting sensitive data. The Advanced Encryption Standard (AES) is one of the most widely
used symmetric encryption algorithms, offering a high level of security. This paper focuses on the VLSI
(Very-Large-Scale Integration) implementation of AES, addressing the design considerations,
architecture, and performance metrics of hardware-based solutions for secure communication systems.

Mahesh Sahoo
2101298315

4th Year, ECE

2. Introduction

As data transmission continues to grow exponentially

in both personal and professional domains, ensuring

the confidentiality and integrity of data is critical.

Symmetric key algorithms, particularly AES, have

become a benchmark for modern cryptographic

standards due to their efficiency and robust security.

While AES can be implemented in software, hardware

implementations using VLSI provide a significant

advantage in terms of speed, power consumption, and

scalability. This article explores the VLSI

implementation of AES for secure communication,

focusing on the architecture and optimization

techniques used to enhance performance. 

3. VLSI Implementation of AES

VLSI technology enables the integration of numerous components into a single chip, which makes it
well-suited for implementing cryptographic algorithms like AES. The design of AES for VLSI requires
the creation of efficient circuits for operations such as substitution (S-box), permutation (ShiftRows),
mixing (MixColumns), and key expansion. In hardware implementation, operations are performed in
parallel to achieve higher throughput and faster encryption and decryption speeds.

4. Architectural Design for AES in VLSI

The VLSI architecture for AES typically involves the following components:
Substitution Box (S-box): This is a nonlinear mapping function that provides the confusion property
in AES. In hardware implementation, the S-box is a critical component and can be optimized using
techniques like the multiplicative inverse in GF(2^8).
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ShiftRows: This step involves cyclically shifting the rows of the state array. In hardware, this can be

implemented using simple register shifts.

MixColumns: This operation provides diffusion by mixing the columns of the state matrix. The

hardware implementation requires matrix multiplication in GF(2^8), which can be efficiently

realized using finite field arithmetic.

5. Applications of VLSI-Based AES Implementations

AES implemented in VLSI is widely used in secure communication applications, including:
Wireless Communication Systems: VLSI-based AES encryption ensures that data transmitted over

wireless channels is protected from unauthorized access.

Embedded Systems: Devices such as IoT sensors, smart cards, and mobile phones can integrate AES

encryption to secure communication and protect sensitive information.

Military and Government Communications: AES hardware accelerators ensure the secure exchange

of classified information, protecting against cryptographic attacks.

8. Challenges in VLSI AES Implementation

While VLSI implementation of AES offers significant advantages, there are several challenges:
Area and Power Consumption: Implementing AES in hardware can lead to high area and power

consumption, especially for high-security key sizes like 256-bit keys. Balancing area, power, and

speed remains a challenge.

Scalability: As data rates continue to increase, ensuring that AES hardware implementations can

scale to meet future demands without excessive resource consumption is a critical concern.

Security: Side-channel attacks, such as power analysis or timing attacks, pose risks to hardware-

based encryption. Mitigating such risks requires careful design to avoid vulnerabilities.

9. Conclusion

VLSI implementation of AES encryption offers a highly efficient and secure solution for protecting
sensitive data in communication systems. By leveraging advanced hardware design techniques such as
pipelining, parallelism, and power optimization, AES can be implemented in compact and efficient
hardware, meeting the demands of modern secure communication. Despite challenges such as area,
power consumption, and security, ongoing innovations in VLSI technology and cryptographic research
will continue to improve the effectiveness and applicability of AES in a variety of communication
systems.
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LOW POWER DESIGN TECHNIQUES IN MODERN
CMOS TECHNOLOGY: A SURVEY 

1. Abstract

The continuous demand for higher performance and longer battery life in modern electronic devices has

placed a significant emphasis on reducing power consumption. CMOS (Complementary Metal-Oxide-

Semiconductor) technology, widely used in digital circuits, faces challenges in managing power

dissipation as device scaling continues. This survey explores the various low-power design techniques in

modern CMOS technology, highlighting advancements in circuit design, process technology, and

system-level strategies. By employing these techniques, significant reductions in power consumption can

be achieved without compromising performance.

3. Low Power Design Techniques

3.1 Supply Voltage Scaling

One of the most effective ways to reduce dynamic power is by scaling down the supply voltage. Dynamic

power is proportional to V2V^2V2, meaning that even a small reduction in supply voltage can lead to

significant power savings. However, supply voltage scaling must be carefully managed to avoid

compromising the performance of circuits. Techniques such as dynamic voltage scaling (DVS) and

adaptive voltage scaling (AVS) have been proposed to adjust the voltage according to workload

demands.

Sashikant Nayak
2101298322

4th Year, ECE

2. Introduction

Power consumption has become a major concern in

the design of modern integrated circuits (ICs),

especially as devices become more powerful and

smaller. CMOS technology has been at the forefront

of semiconductor development due to its low static

power consumption and high scalability. However, as

the demand for high-speed processing, compact

designs, and battery-powered devices increases,

reducing dynamic power dissipation has become

critical. This paper surveys the various low-power

techniques employed at the circuit, architectural, and

technology levels to mitigate power consumption in

modern CMOS devices. 
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3.2 Clock Gating

Clock gating is a technique that involves turning off  the clock signal to portions of the circuit that are

not in use, thus saving dynamic power in sequential circuits. By selectively disabling clock signals to

inactive blocks, unnecessary switching activity is reduced, leading to power savings. Clock gating is

commonly employed in both logic and memory elements to minimize power consumption.

4.3 Power Gating

Power gating involves shutting off  the power supply to unused blocks of a circuit to reduce leakage

power. This is typically achieved using sleep transistors that disconnect the power supply to inactive

blocks. Although power gating reduces static power dissipation, it introduces challenges related to the

recovery of power during reactivation, which needs to be carefully managed.

8. Future Trends and Challenges

Quantum Computing

As CMOS scaling approaches its physical limits, quantum computing is emerging as a potential solution

for ultra-low power computation. Quantum devices use quantum bits (qubits) that can exist in multiple

states simultaneously, enabling much more efficient computation with lower power requirements.

However, the widespread adoption of quantum computing for low-power applications is still in the

research phase.

8.2 D Integration

Three-dimensional (3D) integration involves stacking multiple layers of circuits to reduce interconnect

power and improve density. By stacking chips vertically, the need for long interconnects is reduced,

leading to lower power consumption. 3D integration is expected to play a crucial role in future low-

power designs.

9. Conclusion

Low power consumption remains a critical challenge in modern CMOS technology as devices become

more complex and power-hungry. Various design techniques, including supply voltage scaling, clock

gating, multi-VT design, and advanced process technologies like FinFETs, have made significant strides

in reducing power dissipation. At the system level, power management techniques such as dynamic

voltage scaling, energy harvesting, and power-aware architecture continue to evolve. As technology

progresses, future trends like quantum computing, 3D integration, and ultra-low power devices will play

a key role in driving the next generation of energy-efficient systems.
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REAL-TIME FACE RECOGNITION USING
FPGA: CHALLENGES AND OPPORTUNITIES

1. Abstract

The abstract summarizes the core of the paper, which focuses on the implementation of real-time face
recognition systems using FPGA technology. It highlights the growing demand for real-time face
recognition in security, surveillance, and personal devices, and discusses the advantages of using FPGAs,
such as their parallel processing capabilities, low latency, and hardware customization. The abstract also
touches on the challenges involved, like computational complexity, memory constraints, and power
consumption, while emphasizing the opportunities offered by FPGA technology to address these issues.

3. Challenges in Real-Time Face Recognition Using FPGA

This section delves into the specific challenges faced when implementing face recognition systems on

FPGAs. One of the main challenges is the computational complexity of modern face recognition

algorithms, especially deep learning-based methods, which require significant processing power. Another

challenge is the limited memory available on FPGAs, which makes it difficult to handle large datasets

and store intermediate results. The paper also discusses the issue of power consumption, particularly for

high-resolution video processing, and the need to balance performance with energy efficiency. Finally,

system integration challenges are addressed, such as ensuring smooth interaction between the FPGA

and other system components like cameras, databases, and user interfaces.

Sanchali Mohapatra
2201298541

3rd Year, ECE

2. Introduction

In the introduction, the paper sets the stage by

explaining the importance of face recognition as a

biometric authentication method used in various

applications. The section also discusses the limitations

of traditional CPU and GPU-based systems when it

comes to real-time face recognition, such as high

latency and limited processing power. The

introduction then introduces FPGAs as a promising

solution, highlighting their ability to execute multiple

tasks in parallel, offering low-latency processing, and

enabling hardware optimization for specific tasks like

face detection, feature extraction, and matching.
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4. Opportunities for FPGA-Based Real-Time Face Recognition

This section explores the numerous benefits and opportunities that FPGAs bring to face recognition
systems. The main advantage of FPGAs is their ability to execute multiple tasks simultaneously,
enabling real-time processing without compromising performance. FPGAs allow for custom hardware
design, meaning that specific face recognition algorithms can be optimized for faster execution.
Furthermore, the paper discusses how FPGA-based face recognition systems can be integrated with AI
and deep learning models, further enhancing their accuracy and adaptability. The section also highlights
how FPGA-based systems can be used for edge computing, processing face recognition tasks locally to
reduce latency and reliance on cloud computing.

5. Applications of FPGA-Based Face Recognition

This section focuses on the various real-world applications where FPGA-based face recognition is being
implemented. In surveillance systems, FPGAs allow for real-time facial identification in crowded
environments, helping security personnel identify threats quickly. In access control systems, FPGA-
based face recognition can provide secure, fast authentication for users seeking entry to restricted areas.
The section also discusses the use of FPGA in mobile devices, where it enables quick face unlocking and
secure user authentication. Additionally, FPGA-based face recognition is being used in autonomous
vehicles for driver monitoring, ensuring that the driver is alert and authorized to operate the vehicle.

6. Future Directions and Research Opportunities

In this section, the paper looks ahead at the potential future developments in FPGA-based face
recognition systems. It discusses the growing importance of AI and machine learning in enhancing the
accuracy and adaptability of face recognition systems. The paper suggests that integrating AI models
directly onto the FPGA could improve both performance and accuracy. It also mentions the potential
for 3D face recognition to improve robustness, especially in challenging lighting conditions. Another
area for future research is energy-efficient FPGA designs, which would make face recognition systems
more practical for battery-powered and mobile applications. The section highlights the need for ongoing
research to address these challenges and push the boundaries of FPGA-based face recognition
technology.

7. Conclusion

The conclusion summarizes the key findings of the paper, reiterating that FPGAs provide a powerful
solution for real-time face recognition applications. Despite the challenges, such as computational
complexity, memory limitations, and power consumption, FPGA technology offers significant
advantages, including parallel processing, hardware customization, and low-latency performance. The
paper concludes by emphasizing that FPGA-based face recognition systems are already being applied in
various industries and that ongoing research and advancements will continue to improve their
performance, accuracy, and energy efficiency in the future.
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DEVELOPMENT OF GSM-BASED SMART HOME
AUTOMATION SYSTEMS: A REVIEW

1. Abstract

This paper provides a review of GSM-based smart home automation systems, focusing on the
integration of GSM technology with home automation to enhance convenience, energy efficiency, and
security. It explores various approaches for remotely controlling household devices such as lighting,
heating, and security systems, highlighting the advantages and challenges of GSM-based solutions in
smart homes.

3. Components of GSM-Based Smart Home Systems

This section outlines the essential components of a GSM-based smart home system, including:

Microcontroller: The central unit that controls the operation of household devices based on user

commands.

GSM Module: Responsible for receiving SMS commands from the user and sending control signals

to the microcontroller.

Sensors and Actuators: Devices such as temperature sensors, motion detectors, and relays used to

monitor and control home appliances.

4. Applications of GSM-Based Smart Home Automation

This section explores various applications of GSM-based home automation systems, including:

Lighting Control: The ability to remotely switch lights on and off using SMS or voice commands.

Temperature Control: Regulating heating or cooling systems to optimize energy consumption.
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2. Introduction

The introduction discusses the growing need for home

automation systems driven by advancements in

technology and the increasing demand for

convenience, safety, and energy management. It

introduces GSM technology as a reliable and cost-

effective solution for enabling remote control and

monitoring of household devices. The section sets the

context for the development of GSM-based smart

home systems, which allow users to control devices

via mobile phones or other GSM-enabled devices
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Security Systems: Activating alarms or receiving alerts about unauthorized entry or intrusions via

mobile phones.

Home Appliances Control: Enabling the remote operation of appliances like fans, washing

machines, or refrigerators.

5. Advantages of GSM-Based Smart Home Systems

The paper discusses the key benefits of using GSM for home automation:

Cost-Effective: GSM modules are affordable, and there is no need for complex internet

infrastructure.

Remote Accessibility: Users can control and monitor their homes from virtually anywhere, as long

as they have GSM coverage.

Simplicity: The system can be controlled through simple SMS or phone calls, making it user-friendly

for a broad demographic.

6. Challenges and Limitations

This section highlights the challenges and limitations of GSM-based home automation systems:

Limited Range: GSM coverage may not be available in all locations, which can limit remote control

functionality.

Security Concerns: While SMS provides convenience, it can also be vulnerable to hacking or

unauthorized access if  not adequately secured.

7. Future Trends in GSM-Based Smart Home Systems

This section discusses potential future developments in GSM-based home automation systems, such as:

Integration with IoT: Combining GSM with the Internet of Things (IoT) for more sophisticated

home automation and real-time monitoring.

Enhanced Security: Implementing encryption and advanced authentication methods to secure

communication and prevent unauthorized access.

8. Conclusion

The conclusion summarizes the key points discussed in the paper, reiterating that GSM-based smart

home systems offer a practical, affordable, and reliable solution for home automation. While the

technology faces some limitations, such as range and security issues, it continues to provide valuable

benefits in terms of convenience, energy efficiency, and remote accessibility. The paper concludes by

suggesting that further research and integration with newer technologies could enhance the capabilities

of GSM-based home automation systems in the future.
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ENERGY-EFFICIENT ROUTING PROTOCOLS IN WIRELESS
SENSOR NETWORKS FOR PRECISION AGRICULTURE

1. Abstract

This paper reviews energy-efficient routing protocols designed for Wireless Sensor Networks (WSNs)
used in precision agriculture. It discusses the importance of minimizing energy consumption in WSNs to
extend the lifespan of sensor nodes, ensuring continuous monitoring of agricultural parameters such as
soil moisture, temperature, and crop health.

3. Energy-Efficient Routing Protocols for WSNs

This section focuses on various energy-efficient routing protocols that aim to reduce energy

consumption in WSNs. Key protocols include:

LEACH (Low-Energy Adaptive Clustering Hierarchy): A widely used hierarchical protocol

that reduces energy consumption by selecting cluster heads and minimizing long-range

transmissions.

HEED (Hybrid Energy-Efficient Distributed Clustering): A protocol that balances energy

consumption and network load by considering both node energy and communication costs

when selecting cluster heads.

TEEN (Threshold-sensitive Energy Efficient Sensor Network): A protocol designed for event-

driven applications that focuses on energy-efficient transmission when significant changes are

detected.

4. Challenges in Energy-Efficient Routing for Precision Agriculture

This section highlights the challenges that energy-efficient routing protocols face in the context of

precision agriculture. These include:
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2. Introduction

The introduction highlights the significance of precision

agriculture in modern farming, which leverages

technology such as WSNs to optimize resource use and

improve crop yields. It explains how energy-efficient

routing protocols are essential in WSNs, as these

networks are typically deployed in remote agricultural

areas where frequent battery replacement or maintenance

is not feasible. The section sets the context for exploring

various routing techniques to improve energy efficiency

and network performance in these environments.
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Network Lifetime: Sensor nodes in agricultural fields often have limited battery life, so the
routing protocol must ensure the network remains operational for extended periods without
requiring battery replacement.
Data Collection and Transmission: WSNs need to transmit large amounts of data over long

distances, which increases energy consumption. Efficient routing strategies must optimize data flow

while minimizing energy usage.

Environmental Factors: Agricultural environments are dynamic, with changing weather conditions

and varying terrain that can affect network connectivity and sensor node performance.

5. Techniques to Improve Energy Efficiency

This section explores different techniques to improve energy efficiency in WSNs for agriculture:

Data Aggregation: Reduces the amount of data transmitted by combining data from multiple sensor

nodes before sending it to the base station, minimizing communication overhead and saving energy.

Duty Cycling: Sensor nodes alternate between active and sleep modes to conserve energy, ensuring

that nodes remain dormant when not needed for data transmission.

Adaptive Transmission Power Control: Adjusts the transmission power of nodes based on their

distance from the base station or other nodes, minimizing power usage during data transmission.

6. Future Directions and Research Challenges

This section explores future trends and challenges in energy-efficient routing for precision agriculture,

such as:

Integration with IoT and AI: Combining WSNs with IoT devices and AI-based analytics could

enhance decision-making and further optimize energy consumption in precision agriculture.

Energy Harvesting: Implementing energy-harvesting techniques, such as solar power, could help

extend the life of sensor nodes in remote agricultural areas.

Scalability: As the number of sensor nodes in agricultural fields grows, routing protocols need to

scale efficiently while maintaining energy efficiency and data accuracy.

7. Conclusion

The conclusion summarizes the importance of energy-efficient routing protocols in WSNs for precision

agriculture. It emphasizes the need for ongoing research to develop new techniques that address the

unique challenges of agriculture, such as network lifetime, energy consumption, and environmental

factors. The paper concludes by suggesting that advances in energy-efficient routing can significantly

contribute to the sustainability and productivity of agricultural systems.
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MEMS ACCELEROMETERS: DESIGN, FABRICATION,
AND APPLICATIONS IN VIBRATION SENSING

1. Abstract

This article presents an in-depth review of MEMS (Micro-Electro-Mechanical Systems) accelerometers,
focusing on their design configurations, fabrication methodologies, and extensive applications in
vibration sensing. With advancements in microfabrication and material science, MEMS accelerometers
have become increasingly vital due to their compact size, low power requirements, cost-effectiveness, and
ability to provide high-resolution measurements in real time.
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2. Introduction

MEMS accelerometers are crucial in the modern era of

sensor technology, enabling accurate detection of motion

and vibration in both industrial and consumer

electronics. This section introduces the fundamental

concept of acceleration sensing and traces the evolution

from traditional mechanical accelerometers to modern

MEMS-based systems. The widespread application of

these devices in sectors such as automotive (for crash

detection), healthcare (fall detection), robotics, and

mobile electronics is discussed, underlining their growing

relevance.
3. Design Principles of MEMS Accelerometers

The design of MEMS accelerometers revolves around the integration of a mechanical sensing element
and an electronic processing unit. Typically, the sensing mechanism is based on capacitive, piezoresistive,
or piezoelectric effects. A suspended proof mass within the sensor structure moves when subjected to
external acceleration, altering measurable electrical properties. Design parameters like sensitivity,
mechanical damping, resonant frequency, and axis alignment are critical in determining the performance
and accuracy of the sensor.

4. Fabrication Techniques

Fabrication of MEMS accelerometers involves precision techniques adapted from semiconductor
processing. Methods like surface micromachining and bulk micromachining are employed to build
intricate mechanical structures on silicon wafers. The section elaborates on etching processes (e.g.,
DRIE), layer deposition, lithography, and packaging strategies that ensure mechanical stability and
electrical insulation. Special emphasis is placed on achieving uniformity, miniaturization, and reliability
for large-scale production.
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5.Applications in Vibration Sensing

In vibration sensing, MEMS accelerometers are instrumental in detecting and analyzing structural and
mechanical anomalies. In civil engineering, they monitor the health of bridges and buildings by
recording vibration patterns. In industrial systems, they help predict failures in motors and turbines
through vibration signatures. Other applications include motion detection in consumer electronics,
navigation systems in aerospace, and health monitoring wearables. Their ability to deliver continuous,
real-time data enhances safety and efficiency across domains.

6. Challenges and Limitations
While MEMS accelerometers offer many advantages, they also present challenges such as thermal drift,
reduced sensitivity under certain conditions, and vulnerability to environmental stress. The performance
of these sensors can degrade in extreme temperature or humidity. Noise interference, cross-axis
sensitivity, and mechanical shock resistance are key issues that must be addressed through better design
and calibration techniques. The section emphasizes the need for robust packaging and advanced signal
processing to mitigate these limitations.

7. Conclusion
MEMS accelerometers have transformed the field of motion and vibration sensing by offering a
compact, reliable, and scalable solution. Their integration with wireless modules and microcontrollers
enables smart sensing systems ideal for IoT and AI applications. The paper concludes by highlighting
future directions, including multi-axis sensing, improved environmental stability, and enhanced signal
conditioning circuits to further broaden their use in high-precision and high-performance systems.
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AI-BASED NOISE FILTERING TECHNIQUES IN
BIOMEDICAL SIGNAL PROCESSING

1. Abstract

This paper provides an overview of artificial intelligence (AI)-driven noise filtering techniques used in
biomedical signal processing. It emphasizes how AI models improve the quality and accuracy of signals
like ECG, EEG, and EMG by effectively removing various forms of noise and artifacts that traditional
filtering methods often fail to handle.
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2. Introduction

Biomedical signals are often contaminated by noise from

sources such as muscle movement, electrical interference,

or sensor limitations. The introduction explains the

critical need for accurate noise reduction to ensure

reliable diagnosis and monitoring. It also introduces AI

techniques—especially machine learning and deep

learning—as powerful tools that learn to differentiate

between noise and meaningful signal content.

3. Overview of Biomedical Signal Types and Noise Sources

This section describes common biomedical signals—such as Electrocardiogram (ECG),
Electroencephalogram (EEG), and Electromyogram (EMG)—and outlines typical noise sources,
including power-line interference, baseline wander, and motion artifacts. Understanding these sources is
essential for selecting or designing the right filtering approach.

4. Traditional vs AI-Based Noise Filtering Methods
Traditional methods like band-pass filters and wavelet transforms are compared with AI-based
approaches. The section discusses how conventional filters use fixed rules, while AI models adapt and
improve performance through training, enabling better generalization across patients and recording
conditions.

5. Machine Learning Techniques for Noise Reduction
This part explores supervised and unsupervised learning models, such as Support Vector Machines
(SVM), k-Nearest Neighbors (k-NN), and Principal Component Analysis (PCA), applied to denoise
biomedical signals. It emphasizes their role in classifying noise patterns and learning underlying signal
structures.
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6. Deep Learning Approaches for Biomedical Signal Denoising

Deep learning methods like Convolutional Neural Networks (CNNs), Recurrent Neural Networks

(RNNs), and Autoencoders are highlighted for their ability to learn complex signal-noise

relationships. These models excel in time-series analysis and are increasingly used in real-time

biomedical applications.

7. Evaluation Metrics and Performance Comparison

To assess noise filtering effectiveness, metrics like Signal-to-Noise Ratio (SNR), Mean Squared

Error (MSE), and classification accuracy (post-denoising) are used. This section discusses how AI-

based filters often outperform traditional ones in both simulation and real-world clinical tests.

8. Challenges and Limitations

Despite their advantages, AI models face challenges such as the need for large labeled datasets, high

computational resources, and the risk of overfitting. Interpretability and validation in diverse

clinical environments remain ongoing concerns.

9. Applications and Future Trends

AI-based noise filtering has growing applications in wearable health monitoring, remote patient

diagnostics, and smart ICU systems. Future trends include federated learning for data privacy, edge

AI for real-time processing, and integration with other biomedical AI tools.

10. Conclusion

The paper concludes that AI techniques represent a significant advancement in biomedical signal

noise filtering. With continued research and development, these intelligent systems will play a

central role in improving diagnostic accuracy and supporting real-time health monitoring.
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A BLOCKCHAIN-BASED FRAMEWORK FOR
SECURE IOT COMMUNICATION

Swaraj Singh
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1. Abstract

This paper presents a blockchain-based framework aimed at securing communication among Internet of
Things (IoT) devices. It highlights how decentralized ledger technology can address critical challenges in
IoT networks, such as data integrity, authentication, and trust.
2. Introduction

The introduction outlines the rapid growth of IoT

devices and the accompanying security

vulnerabilities due to centralized architectures. It

introduces blockchain as a promising solution,

offering decentralization, transparency, and

tamper-proof communication among connected

devices.

3. IoT Communication Challenges and Security Threats

This section identifies major threats in IoT communications, including man-in-the-middle attacks, data
tampering, and unauthorized access. It explains the limitations of traditional security models in
handling scalability and dynamic device behavior.

4. Overview of Blockchain Technology

An overview of blockchain fundamentals is given—covering blocks, hashing, consensus mechanisms
(like Proof of Work and Proof of Stake), and smart contracts. It emphasizes how these features
contribute to secure and immutable data exchange.

5. Proposed Blockchain-Based IoT Framework

This part details the architecture of the proposed framework, explaining how blockchain nodes, IoT
gateways, and smart contracts interact to verify transactions, authenticate devices, and manage secure
data transfers.
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6. Benefits of Blockchain in IoT Communication

It highlights key advantages such as decentralized trust management, enhanced data privacy, real-

time verification, and auditability. These benefits help to build robust and autonomous IoT

ecosystems.

7. Performance Analysis and Limitations

This section evaluates the system’s performance in terms of latency, energy consumption, and

throughput. It also discusses practical limitations like blockchain’s computational overhead and

scalability concerns when applied to resource-constrained IoT devices.

8. Future Scope and Enhancements

Here, future research directions are suggested, such as integrating lightweight blockchain protocols,

using edge computing to support scalability, and employing AI for intelligent threat detection in

blockchain-IoT systems.

9. Conclusion

The conclusion reaffirms that blockchain technology can significantly improve the security of IoT

communications. However, tailored solutions are required to overcome the challenges of integrating

blockchain in resource-limited environments.
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Future innovators at work — students diving deep into
creativity and precision at the circuit design competition

ECE students proudly display their creative and thought-provoking
posters, each reflecting unique ideas and technological insights.

ECE students shine bright as they receive prizes for their outstanding performance in
the poster competition—showcasing innovation, creativity, and technical excellence
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