GCeethanjali Presents

TECHNOCHRONICLE

||

AN ECE MAGAZINE

VOLUME 3 | ISSUE 2
DECEMBER 2024

SEMESTER
HIGHLIGHTS

Wired to wonder
Built to breakthrough

Thought modulated into reality

Every signal tells a story
We Craft how signals speak

HALL OF
FAME

Forging for excellence

techno_chronicle

PX( technochronicle@gcet.edu.in




ADVISORY BOARD

Mr.G.R.Ravinder Reddy Dr.Udaya Kumar Susarla
Chairman Principal

Prof. B.Hari Kumar Dr.G.Sreelakshmi Dr. P.Srihari
Dean-SE&CE HoD-ECE Prof. in ECE, Dean R&D

Dr.P.Vijai Bhaskar Dr. B.L.Prakash. Prof. O.V.P.R.Siva Kumar
Prof. in ECE, Dean-Academics Prof. in ECE Prof. in ECE, Dean-IIIC



EDITORIAL BOARD

Dr. G. Sreelakshmi Dr. U. Appala Raju Mrs. M. Uma Rani
HOD, Dept. ECE Associate Professor Senior Assistant Professor

Ms. M. Kalpana Devi Mr. T. Baladitya
23R11A0476 23R11A0495



S.No.

10

11

12

13

14

15

16

17

18

19

20

21

22

TABLE OF CONTENTS
Title of the Article

Post-Quantum Cryptography — Preparing for Security in the Quantum
Era.

Al-Powered Image Enhancement and DLSS: Transforming Graphics
Processing.

Beyond Moore’s Law — Rise of Neuromorphic VLSI Systems.

Quantum Dot Cellular Automata — Future of Low-Power Logic Design.

Software Defined Radio: Reprogramming the Future of Wireless
Communication.
Light-Powered Connectivity with Arduino and LDR Sensor.

Seeing Beyond the Surface: A Psychological Reflection on "Realistic
Eye"

The Archetype of Innocence — Baby Krishna as a Mirror of the Inner
Self

Impact of 5G on the Internet of Things

Deep Learning for Brain Tumour Detection and Classification Using MRI

Images
Cognitive Radio System

Exploring the Depths of Supervised and Unsupervised Machine Learning

Algorithms

Decision Tree Classifier: From Node to Network, Process to Performance

Estimation of Direction of Arrival of Radar Signals Using
Phase-Locked Loop (PLL)

ARM Cortex-M vs Cortex-A Applications

Smart Agriculture using Embedded loT

Quantum Cryptography in Communication

RISC-V Architecture

RF Energy Harvesting & Wireless Power Transfer
Real-Time Operating Systems (RTOS) in loT

Millimetre-Wave Technology in Modern Communication Systems

Page No.

11
14
18
22
25
26
29
31

33

36
38
40
42
45
48
49
51
53

55



1. Post-Quantum Cryptography — Preparing for Security in the
Quantum Era

K.Shravandeep[23R11A04B1]

Introduction

The rapid advancements in quantum computing pose an unprecedented threat to modern
cryptographic systems. Current encryption methods, such as RSA, ECC, and Diffie-Hellman
key exchange, rely on mathematical problems that classical computers struggle to solve
efficiently. However, quantum computers, leveraging algorithms like Shor’s algorithm, could
potentially break these cryptographic protocols in a matter of seconds. This necessitates the
development of post-quantum cryptography (PQC), which aims to create encryption methods
resistant to quantum attacks while maintaining efficiency on classical computing
architectures.

Quantum Computing and Cybersecurity

Quantum computing's impact
on current encryption
Developing new encryption
methods

The role of governments and Q4

companies )
o

Quantum computing and
cybersecurity research

As governments, corporations, and researchers scramble to address this looming
cybersecurity challenge, global organizations such as the National Institute of Standards and
Technology (NIST) have initiated standardization efforts to identify quantum-resistant
cryptographic algorithms. This article explores post-quantum cryptography in depth,
discussing its importance, challenges, key algorithmic approaches, standardization efforts,
and steps organizations must take to transition to a quantum-safe world.

The Need for Post-Quantum Cryptography
Quantum computing threatens the foundation of current cryptographic security.

Classical encryption relies on the difficulty of factoring large prime numbers (RSA),
computing discrete logarithms (ECC), or solving the Diffie-Hellman problem. Shor’s



algorithm, proposed in 1994, enables quantum computers to solve these problems
exponentially faster, rendering current public-key cryptography obsolete.

Governments and intelligence agencies are particularly concerned about “harvest now,
decrypt later” attacks, where adversaries collect encrypted data today, anticipating that future
quantum computers will decrypt it. Financial institutions, healthcare providers, and critical
infrastructure operators also face severe risks, as unauthorized decryption could compromise
sensitive information, personal records, and national security.

Given these threats, organizations must adopt quantum-resistant cryptographic methods
proactively, rather than waiting for large-scale quantum computing breakthroughs.

Core Principles of Post-Quantum Cryptography

PQC focuses on developing encryption algorithms that can withstand attacks from both
classical and quantum computers. These algorithms must balance several key attributes:

1. Security Against Quantum Attacks — The primary objective is resistance to
quantum computing threats.

2. Performance and Efficiency — Algorithms should operate efficiently on existing
digital infrastructure without excessive computational overhead.

3. Interoperability — New cryptographic protocols must integrate smoothly with
existing security frameworks.

4. Scalability — Post-quantum cryptographic solutions should be deployable across
various applications, from cloud computing to embedded systems.

Prominent Post-Quantum Cryptographic Algorithms

NIST’s post-quantum cryptography standardization initiative has identified several key
families of quantum-resistant algorithms. The main categories include:

1. Lattice-Based Cryptography

Lattice-based cryptography is one of the most promising approaches in PQC due to its strong
security guarantees and efficiency. It relies on the computational hardness of lattice problems,
such as the Shortest Vector Problem (SVP) and Learning With Errors (LWE), which remain
difficult for both classical and quantum computers to solve.

Notable lattice-based algorithms include:

e Kyber (key encapsulation mechanism — KEM)
e Dilithium (digital signature algorithm)
e FrodoKEM (alternative lattice-based key exchange method)



2. Code-Based Cryptography

Code-based cryptographic schemes use error-correcting codes to create encryption systems
that are resistant to quantum attacks. The McEliece cryptosystem, developed in 1978,
remains one of the longest-standing code-based encryption methods.

Strengths:

e High security levels proven over decades
e Resistance to quantum computing attacks

Challenges:
e Large key sizes, which make implementation challenging
3. Multivariate Polynomial Cryptography

This category is based on the difficulty of solving multivariate quadratic equations. These
algorithms, such as Rainbow, are designed for digital signature applications.

Strengths:

e Strong security assumptions
e Efficient signature generation

Challenges:
e Some multivariate schemes have been broken by algebraic attacks
4. Hash-Based Cryptography

Hash-based cryptographic schemes use cryptographic hash functions for security. XMSS
(Extended Merkle Signature Scheme) and SPHINCS+ are leading candidates in this category.

Strengths:

e Strong security foundation in well-established hash functions
e Stateless signature schemes prevent reuse vulnerabilities

Challenges:
e Signature sizes are larger compared to traditional algorithms
5. Isogeny-Based Cryptography

Isogeny-based cryptography relies on the mathematical problem of finding isogenies
(morphisms) between elliptic curves. The most well-known algorithm in this class is SIDH
(Supersingular Isogeny Diffie-Hellman), though recent attacks have weakened its security.



Strengths: Small key sizes

Challenges: Vulnerabilities discovered in SIDH require alternative approaches

Standardization and Industry Adoption

NIST’s post-quantum cryptography standardization project has been a global effort to
identify and refine secure PQC algorithms. As of 2024, NIST has selected four primary
algorithms for standardization:

CRYSTALS-Kyber (Public key encryption/KEM)
CRYSTALS-Dilithium (Digital signatures)
FALCON (Digital signatures)

SPHINCS+ (Hash-based digital signatures)

Standardization efforts extend beyond NIST, with organizations such as the Cloud Security
Alliance (CSA), ETSI, and ISO working to establish guidelines for integrating PQC into
various industries.

Challenges in Transitioning to PQC

While the necessity of post-quantum cryptography is clear, transitioning to quantum-safe
cryptographic systems presents numerous challenges:

1.

Backward Compatibility: Many existing protocols and systems rely on classical
cryptographic algorithms, requiring significant reengineering efforts.

Performance Overhead: Some PQC algorithms, especially those with large key
sizes, introduce computational overhead that could impact system performance.
Scalability and Deployment: Implementing PQC across large-scale infrastructures
such as cloud environments and IoT devices is a complex task.

Lack of Awareness: Many organizations are unaware of quantum threats and the
urgency of adopting quantum-safe cryptography.

Cryptanalysis Risks: As research in quantum computing progresses, new attack
vectors could emerge, requiring continuous cryptographic evaluation.

Steps Toward Quantum-Safe Cryptography

Organizations must take a proactive approach to prepare for the quantum era. Key steps
include:

1.

Risk Assessment: Identify vulnerable cryptographic assets and assess the impact of
quantum threats.

Adopting Hybrid Cryptography: Implement hybrid cryptographic approaches that
combine classical and post-quantum methods to ensure smooth transitions.



3. Participating in Standardization Efforts: Engage with NIST, ETSI, and industry
bodies to stay informed about PQC developments.

4. Upgrading Security Infrastructure: Update protocols, software, and hardware to
support post-quantum algorithms.

5. Educating Stakeholders: Train security professionals and IT teams on quantum
threats and PQC implementation strategies.

6. Monitoring Cryptographic Developments: Continuously evaluate emerging PQC
research and integrate new security mechanisms as needed.

Conclusion

Quantum computing will redefine cybersecurity, and organizations must act now to protect
sensitive data from future quantum attacks. Post-quantum cryptography provides the best
defense against quantum-enabled threats, but its adoption requires careful planning,
standardization, and widespread implementation. By proactively transitioning to
quantum-resistant encryption, enterprises and governments can safeguard digital assets and
ensure long-term security in the quantum era.

References
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2. Nokia Cybersecurity. "Post-Quantum Cryptography."
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2. AI-Powered Image Enhancement and DLSS: Transforming
Graphics Processing

K.Shravandeep [23R11A04B1]

Introduction

The demand for high-quality visuals in gaming, video streaming, and content creation is
growing exponentially. Rendering ultra-high-resolution images in real time requires immense
computational power, making it a significant challenge for GPUs. Traditional rendering
methods struggle to balance performance and image fidelity, often leading to higher
processing loads, increased power consumption, and frame rate drops.

To address this, Al-powered image enhancement and upscaling techniques have emerged,
allowing systems to generate high-quality visuals without demanding additional hardware
power. A prime example is Nvidia’s Deep Learning Super Sampling (DLSS), an Al-driven
super-resolution technique that reconstructs high-resolution frames from low-resolution
inputs. DLSS significantly reduces GPU workload, enhancing performance by up to 4x, as
stated in Nvidia’s whitepaper on Ada GPU Science.

This article explores the importance of Al in image upscaling, how it reduces computational
load, and how DLSS revolutionizes gaming and graphics processing. We will also discuss the
limitations of this technology to provide a balanced view.

The Challenge of Rendering High-Resolution Images

Rendering high-resolution images is computationally expensive. A 4K resolution image
(3840x2160) contains 8.3 million pixels, and 8K resolution (7680x4320) has over 33 million
pixels per frame. Rendering these frames at high refresh rates (e.g., 60 FPS or 120 FPS) can
be incredibly demanding on even the most advanced GPUs.

For instance:

e A 60 FPS 4K game requires rendering approximately 500 million pixels per second.
e A 60 FPS 8K game requires over 2 billion pixels per second, which is nearly
impossible for most consumer-grade GPUs.

To overcome these challenges, Al-based super-resolution techniques use deep learning
models to generate missing details instead of rendering everything from scratch. This
significantly reduces GPU strain while maintaining high visual fidelity.



Al-Powered Image Enhancement and Upscaling
How AI Upscaling Works

Traditional upscaling techniques, such as bilinear or bicubic interpolation, increase
resolution by stretching pixels and filling in missing data based on surrounding information.
However, these methods often result in blurry textures, pixelation, and loss of fine details.

Al-driven upscaling takes a different approach by:

1. Learning from high-quality images — Al models, such as Convolutional Neural
Networks (CNNs) and Generative Adversarial Networks (GANSs), are trained on
thousands of high-resolution images to recognize patterns, textures, and fine details.

2. Enhancing details intelligently — When given a low-resolution image, the Al
predicts missing details and reconstructs a sharper, more refined version.

3. Reducing GPU workload — Instead of rendering a frame at 4K or 8K, Al allows a
GPU to render at 1080p or 1440p and upscale it to a higher resolution without
noticeable quality loss.

This technique provides a significant performance boost by allowing mid-range GPUs to
deliver high-resolution visuals without demanding excessive processing power

DLSS: Al-Powered Super Sampling for Gaming

What is DLSS?

DLSS (Deep Learning Super Sampling) is Nvidia’s Al-based super-resolution technology
designed to improve gaming performance while maintaining high visual quality.

Unlike traditional upscaling, DLSS renders frames at a lower resolution and intelligently
reconstructs them at a higher resolution using Al, significantly reducing GPU workload.
According to Nvidia’s whitepaper, DLSS 3 can multiply game performance by up to 4x,
leveraging deep learning techniques to fill in missing details and even generate entire frames.

How DLSS Reduces GPU Load and Achieves High Performance

Instead of rendering every pixel from scratch, DLSS 3 reconstructs up to 7/8th of displayed
pixels using Al Here’s how it works:

1. Lower Resolution Rendering: The game renders at a lower resolution (e.g., 1440p
instead of 4K), reducing GPU processing demand.

2. Al Super Sampling: Al predicts missing details based on previous frames and
motion vectors, producing high-quality upscaled images.

3. Frame Generation (DLSS 3): Al creates entirely new frames between rendered
ones, boosting frame rates and reducing CPU bottlenecks.



DLSS lowers GPU power consumption, allowing high-performance visuals without the need
for expensive, high-end hardware.

DLSS SUPER DLSS FRAME DLSS SUPER DLSS FRAME
RESOLUTION GENERATION RESOLUTION GENERATION
TRADITIONAL TRADITION.
RENDER RENDER
ERAME | FRAME 2 FRAME 3 FRAME 4
7/8™ of Displayed Pixels 7/8™ of Displayed Pixels

DLSS vs. Traditional Rendering

|Feature Traditional Rendering [DLSS Al-Based Rendering
Performance [High GPU demand Higher FPS with Al upscaling

[Image Quality [Native resolution Al-enhanced visuals with low GPU load
Power Usage |High energy consumption|Lower power requirement

NVIDIA DLSS V5. TRADITIONAL UPSCALING

NATIVE

UPSCALE &
SHARPEN




Limitations and Disadvantages of DLSS

Despite its advantages, DLSS has some drawbacks:

1.

Al Artifacts & Ghosting: DLSS occasionally produces visual artifacts, especially in
fast-moving scenes with motion blur, reflections, or transparent surfaces.

Not Available for All Games: DLSS is proprietary to Nvidia RTX GPUs, limiting
compatibility. Competing technologies like AMD FidelityFX Super Resolution (FSR)
and Intel XeSS attempt to offer similar benefits but are not as advanced.

Latency Issues (DLSS 3 Frame Generation): While DLSS 3 improves frame rates,
the generated frames do not reduce input latency, which can be noticeable in
competitive gaming. Nvidia Reflex helps mitigate this but doesn’t eliminate latency
entirely.

Over-Reliance on Al Training Data: The AI model is pre-trained by Nvidia,
meaning its effectiveness depends on how well it has been optimized for a specific
game.

The Future of AI Image Enhancement and Rendering

Al-driven image upscaling and rendering techniques like DLSS will continue evolving,

making real-time rendering at ultra-high resolutions more accessible. Future advancements

could lead to real-time 8K and even 16K gaming on consumer-grade hardware.

Additionally, real-time Al-driven ray tracing could redefine photorealistic rendering,
allowing cinematic-quality visuals without requiring massive computational resources.

References & Further Reading

1. Nvidia Ada GPU Science White Paper — Nvidia Research on DLSS 3
Performance

2. DLSS 3 Blog (Nvidia Developer) — https://developer.nvidia.com/dlss

3. nvidia-ada-gpu-science -
https://images.nvidia.com/aem-dam/Solutions/geforce/ada/ada-lovelace-architect

ure/nvidia-ada-gpu-science.pdf

4. Microsoft Flight Simulator Forums -
https://forums.flightsimulator.com/t/dlss-is-the-way-taa-is-a-wrong-approach/697
250/1267page=7
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Conclusion

Al-powered image enhancement is redefining digital rendering, bridging the gap between
performance and quality. DLSS technology allows GPUs to generate up to 7/8th of a frame
using Al, significantly reducing GPU workload. While limitations such as artifacts, latency
issues, and hardware exclusivity exist, the continued advancements in Al-driven upscaling
will shape the future of high-fidelity gaming and graphics processing.

With Al-based super-resolution techniques evolving rapidly, ultra-high-resolution rendering
with minimal GPU power consumption is becoming a reality. The future of Al-powered
graphics is bright, paving the way for photorealistic gaming, cinematic experiences, and
real-time Al rendering.
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3.Beyond Moore’s Law — Rise of Neuromorphic VLSI Systems
T.Baladitya [23R11A0495]

Introduction

For over five decades, Moore’s Law governed the exponential growth of computing power by
predicting that the number of transistors on integrated circuits would double every two years.
This prophecy held true until recently. As transistor dimensions approach the atomic scale,
further miniaturization leads to quantum effects, leakage currents, and exponential increases
in power consumption. Simply put, traditional CMOS scaling is reaching a wall.

To address this technological plateau, engineers and researchers are exploring radical
alternatives to conventional computing architectures. One of the most promising among them
is neuromorphic computing, a design philosophy that draws direct inspiration from the
structure and function of the human brain. Neuromorphic VLSI systems aim to build chips
that are not just faster but also smarter, more energy-efficient, and adaptive, just like
biological neural networks.

Understanding Neuromorphic Architecture

Neuromorphic computing departs from the von Neumann model by tightly integrating
memory and processing. In biological systems, neurons and synapses simultaneously store
and process information through electrical spikes. Neuromorphic VLSI emulates this by
implementing artificial neurons and synapses using analog, digital, or mixed-signal circuits.

These architectures often use Spiking Neural Networks (SNNs), where neurons fire events
(spikes) only when certain thresholds are met. These spikes are sparse in time and space,
drastically reducing energy usage. Unlike conventional artificial neural networks (ANNs),
which rely on floating-point operations and massive data movement, SNNs are naturally
event-driven, asynchronous, and scalable.

Breakthrough Chips and Systems

1. IBM TrueNorth

IBM’s TrueNorth is a digital neuromorphic chip consisting of 1 million neurons and
256 million synapses, built with 5.4 billion transistors on a 28nm CMOS process.
Each neuron is an independent processing unit, and the chip consumes only 70
milliwatts, which is orders of magnitude lower than conventional processors running
equivalent neural tasks.
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2.

Intel Loihi

Intel’s Loihi uses digital spiking neurons with on-chip learning support. It contains
128 neuromorphic cores and supports real-time adaptation. One of its standout
features is its ability to perform on-device unsupervised learning, a key requirement
for edge Al

SpiNNaker (University of Manchester)

SpiNNaker (Spiking Neural Network Architecture) is a massively parallel digital
platform composed of thousands of ARM cores, designed to simulate large-scale
SNNs. Though not as energy-efficient as TrueNorth or Loihi, it provides unmatched
flexibility for neuroscience research.

Applications and Advantages

Neuromorphic systems are particularly suited for real-time, low-power, and adaptive
computing. Some emerging applications include:

Edge AI: Running real-time sensory analysis on wearable or embedded devices.

Robotics: For low-latency motor control and sensory integration in dynamic
environments.

Brain-Computer Interfaces (BCIs): Neuromorphic systems match the biological
signaling of neurons better than traditional digital processors.

Adaptive Systems: Environments where the system must learn on the fly, such as
autonomous vehicles and drones.

Advantages:

Ultra-low power consumption
Event-driven computation
Hardware-level parallelism
Scalability to billions of neurons

Inherently fault-tolerant (like biological brains)

12



Technical Challenges

While the potential is exciting, neuromorphic VLSI faces several engineering hurdles:

e Circuit Design Complexity: Analog and mixed-signal circuits are sensitive to noise

and require precise calibration.

Lack of Standard Tools: Existing EDA tools are designed for synchronous logic, not
asynchronous, event-driven systems.

Training Models: Unlike ANN training using backpropagation, SNNs require
biologically plausible learning rules (e.g., STDP — Spike-Timing Dependent

Plasticity), which are harder to optimize.

e Integration: Building systems that can interact with conventional digital

infrastructure and software remains a major barrier.

Comparison with Traditional Architectures

Feature Traditional CMOS Neuromorphic VLSI

Power Consumption High Ultra-low

Architecture Sequential Parallel, Distributed

Memory & Compute Separated Integrated

Suitability General Purpose Brain-like, Adaptive Tasks
The Road Ahead

The future of neuromorphic VLSI lies at the intersection of device physics, circuit
innovation, machine learning, and neuroscience. As emerging devices like memristors,
RRAM, and spintronic elements become viable, they may further bridge the gap between

biological and silicon neurons. Integration of neuromorphic cores in mainstream SoCs

(System on Chips) for mobile and edge computing is already underway.

Projects like DARPA SyNAPSE, Neurogrid, and BrainScaleS are pushing forward with
both academic and industry collaboration, making neuromorphic hardware more accessible

and programmable.



4.Quantum Dot Cellular Automata — Future of Low-Power Logic
Design

T.Baladitya [23R11A0495]

Introduction

With CMOS technology scaling into the nanometer regime, conventional transistor-based
design is beginning to break down. Problems like subthreshold leakage, short-channel effects,
and static power dissipation are limiting the viability of further miniaturization. Even with
FinFETs and Gate-All-Around (GAA) structures, the physical boundaries of silicon are being
stretched thin. The semiconductor industry is at a pivotal point where alternative logic design
paradigms must be considered.

One such alternative is Quantum Dot Cellular Automata (QCA), a revolutionary concept
where binary information is encoded by the position of electrons in quantum dots rather than
by voltage levels or current flow. Unlike CMOS logic that relies on the movement of charges
through transistors, QCA operates by the electrostatic interaction of electrons fixed within an
array of quantum dots. This allows for the possibility of faster, denser, and more
power-efficient circuits.

What Is QCA?

QCA technology replaces traditional transistors with a four-dot cell containing two mobile
electrons. These electrons are confined to the quantum dots and repel each other due to
Coulombic forces, positioning themselves diagonally within the square cell. The two possible
stable configurations of the electrons correspond to binary ‘0’ and “1°.

Information is transmitted between cells through electrostatic interactions, eliminating the
need for current-carrying interconnects. Since electron tunneling within dots occurs without
traditional current flow, QCA circuits have the potential to consume power in the range of
microwatts or even nanowatts, significantly lower than CMOS.

QCA Cell Structure and Operation

Each QCA cell is made up of four quantum dots arranged in a square, with two electrons.
Because of mutual repulsion, the electrons settle in opposite corners, forming two possible
polarization states:

e Logic 1: electrons at top-left and bottom-right

e Logic 0: electrons at top-right and bottom-left

14



Cells are placed adjacent to each other, and the polarization of one cell affects the next
through electric field interactions. This creates a domino-like data propagation effect across
the circuit.

The core building block of QCA logic is the majority gate, which takes three inputs and
outputs the majority value among them. By fixing one input to logic 0 or 1, the gate can be
configured as an AND or OR gate. Combined with inverters, this allows QCA to implement
any Boolean logic function.

Clocking in QCA

Unlike CMOS circuits that rely on a global clock signal, QCA uses a four-phase clocking
scheme to control data flow and maintain synchronization. Each phase of the clock affects
the tunneling potential between dots:

1. Switch — Tunneling barriers are lowered; cell begins polarizing.
2. Hold — Barriers are raised; polarization is held.
3. Release — Barriers are lowered; electrons can tunnel out.

4. Relax — Barriers are fully lowered; cell depolarizes.

These phases are applied in a wave-like fashion across the circuit, allowing precise control of
data movement and pipelining.

Fabrication Methods and Challenges

There are multiple methods under exploration to physically realize QCA systems:

o Metal-dot QCA — Uses aluminum islands to form quantum dots. These were the first
to be experimentally demonstrated but require cryogenic temperatures.

o Molecular QCA — Uses organic molecules with redox-active sites to form quantum
dots. These have the potential to operate at room temperature and self-assemble.

e Magnetic QCA — Replaces electrons with magnetic dipoles. Easier to fabricate but
suffers from slower switching speeds.

Each method has its advantages and limitations. Molecular QCA is the most promising due to
its potential for high temperature operation and scalable self-assembly. However, molecular
placement, orientation control, and stable switching remain unsolved problems.

15



Fabrication precision is a major challenge in QCA. Since data transfer relies on electron
interaction across adjacent cells, even nanometer-level misalignment can lead to failure. This
makes QCA extremely sensitive to process variations, unlike more forgiving CMOS
processes.

Simulation Tools and Design Techniques

Designing QCA circuits requires specialized simulation tools. The most widely used is
QCADesigner, which allows layout creation, logic simulation, and basic timing analysis. It
supports:

e Majority logic optimization
e (ell arrangement and visualization
e Static timing analysis (limited)

For more advanced modeling, researchers use HSPICE, BSim, or even quantum mechanical
solvers to simulate electron tunneling and polarization.

QCA design flow is still in its infancy, lacking standardized tools like Verilog or VHDL
equivalents. Most designs are manually created using gate-level layouts, which is
time-consuming and error-prone.

Advantages of QCA

e Ultra-low Power — No current flow means near-zero static power dissipation.
e High Speed — Electron interactions propagate faster than charge drift in transistors.

e High Density — Extremely small cell size allows for high logic density (1/1000th of
CMOS).

e No Interconnect Bottleneck — Data propagates without long wires or buses.

These features make QCA ideal for embedded systems, biomedical implants, space
electronics, and future logic co-processors where power and size are critical constraints.

Limitations and Open Problems

Despite its promise, QCA still faces several hurdles before it can challenge CMOS at a
commercial level:

16



e Temperature Sensitivity — Most current QCA implementations require cryogenic
cooling.

e Error Propagation — Misaligned or faulty cells can create data loss or stuck bits.

e Lack of Toolchain — No mature tool ecosystem for design, verification, and
synthesis.

e Scalability Issues — No proven industrial-scale fabrication method yet.

Research is ongoing to integrate QCA cells with CMOS to build hybrid architectures that
balance the strengths of both technologies.

Future Outlook

Quantum Dot Cellular Automata may not replace CMOS entirely but can complement it in
ultra-low-power and high-density scenarios. Advances in self-assembly, organic chemistry,
and nanolithography could make room-temperature molecular QCA viable within the next
decade.

As artificial intelligence and edge computing grow, the need for energy-efficient logic blocks
will increase. QCA offers a future where we can continue to scale computation without
scaling power.

Collaborative projects like the Nanoelectronics Research Initiative (NRI) and extensive
simulation studies are actively shaping QCA into a viable post-CMOS alternative.

Conclusion

QCA represents one of the most revolutionary ideas in nanoelectronics — a computing
system that eliminates current flow entirely, using only electron position to encode
information. It challenges the very foundation of how digital logic works. While challenges
remain, its potential for energy efficiency and scalability make it a serious contender in the
future of integrated circuit design. As we move beyond the limits of Moore’s Law, QCA may
become the logic fabric of a new computing era.

17



5.Software Defined Radio: Reprogramming the Future of
Wireless Communication

T.Baladitya [23R11A0495]

Introduction

Wireless communication is evolving rapidly, and traditional radio systems are struggling to
keep up. Conventional hardware radios are designed to operate with fixed frequencies,
modulation schemes, and protocols. Any change requires redesigning or replacing physical
components. In today’s world of dynamic frequency allocation, evolving standards like 5G
and 6G, and multi-protocol interoperability, this rigidity is a problem.

Software Defined Radio (SDR) offers a solution. It allows radio functionalities such as
modulation, demodulation, filtering, and frequency translation to be handled by software
rather than hardwired circuits. This architecture makes SDR incredibly versatile,
reconfigurable, and future-proof. From amateur radio to military-grade communications,
SDR is revolutionizing the way wireless systems are designed, developed, and deployed.

What Exactly Is SDR?

Software Defined Radio is a communication system where traditional radio components are
implemented using software on a computing platform. In a typical radio, functions like
mixing, filtering, and demodulating are handled by analog circuits. In SDR, these functions
are shifted into digital code.

An SDR system consists of the following basic components:

e Antenna — Captures the incoming or outgoing RF signals.
o RF Front-End — Consists of amplifiers and filters that condition the signal.

e Analog-to-Digital Converter (ADC) — Samples the analog signal to convert it into
digital form.

e Digital Signal Processor (DSP), FPGA, or General-Purpose Processor (GPP) — Runs
the software-defined modulation, demodulation, encoding, decoding, filtering, and

more.

e Digital-to-Analog Converter (DAC) — For transmission, this converts processed
digital signals back into analog form.

18



What makes SDR special is that the hardware remains the same, but the software can be
changed to accommodate different communication standards. With just a code update, the
same SDR unit can switch from handling Bluetooth to LTE, Wi-Fi, or even military bands.

Why SDR Matters in Modern Systems

1. Reconfigurability

SDR systems are adaptable. A single hardware platform can run different protocols
like Zigbee, LoRa, GSM, or satellite telemetry by simply switching the software
stack. This is vital in environments where communication standards evolve rapidly or
where multiple standards coexist.

2. Cost and Time Efficiency

Instead of building new hardware for every standard or update, developers can reuse
the same SDR platform. This reduces both R&D cost and time to market.

3. Research and Education
SDR is a powerful tool for academic labs and hobbyists. With open-source platforms
like GNU Radio and affordable SDR hardware (e.g., RTL-SDR, HackRF, USRP),
students can learn real-world signal processing, modulation schemes, spectrum
analysis, and more without expensive RF labs.
4. Military and Tactical Communication
Modern defense systems rely heavily on secure, adaptive, and encrypted
communication. SDR enables soldiers to switch frequencies, encrypt communication,
and evade jamming all with a software update.
5. Cognitive Radio
SDR is the backbone of cognitive radio, a system that senses its radio environment
and dynamically adjusts its parameters like frequency, power, and modulation for

optimal performance.

6. Common SDR Platforms
e GNU Radio

An open-source toolkit for building software radios. It provides signal processing
blocks that can be assembled into a flow graph using Python or a GUI.
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e USRP (Universal Software Radio Peripheral)

A widely-used hardware platform developed by Ettus Research. It supports
frequencies from DC to 6 GHz and interfaces with GNU Radio.

e RTL-SDR
A low-cost USB-based SDR that started as a digital TV receiver but was repurposed
by the hacker and research community. It can receive frequencies from 500 kHz to 1.7
GHz.

e HackRF One

A versatile SDR capable of both transmitting and receiving from 1 MHz to 6 GHz.
Popular in wireless research, security analysis, and prototyping.

Applications of SDR

1. Cellular Network Emulation

SDR can simulate a complete LTE base station or a GSM tower for testing mobile
devices or building private networks.

2. Spectrum Monitoring

Government agencies use SDR to monitor illegal transmissions, scan for interference,
and manage dynamic spectrum allocation.

3. Satellite and Space Communication

SDR allows for dynamic frequency adjustments, ideal for communicating with
satellites using Doppler-shifted frequencies or deep-space probes.

4. IoT Gateways

An SDR can act as a universal IoT gateway, capable of decoding multiple wireless
protocols like Zigbee, Bluetooth, Wi-Fi, and proprietary formats.

5. Radio Astronomy

With sensitive wideband capabilities, SDRs are now used in low-cost radio
telescopes for detecting astronomical signals.

20



Technical Challenges
Despite its advantages, SDR is not without its limitations:

e Processing Power

Performing signal processing in real time requires significant computational power,
especially for wideband signals or advanced modulation schemes.

e [atency

Software processing introduces delay. For time-critical applications like radar or
real-time control systems, this can be a problem.

o RF Front-End Limitations

The quality of the signal is still limited by the analog front-end components. Noise,
distortion, and non-linearity in amplifiers and filters affect performance.

e Security Risks

The flexibility of SDR means it can be reprogrammed maliciously. Rogue base
stations and spoofing tools built on SDR have been used in real-world attacks.

Conclusion

Software Defined Radio is a revolutionary leap in wireless communication. It merges the
flexibility of software with the power of real-time signal processing, creating systems that are
reconfigurable, intelligent, and future-proof. Whether you are a student designing your first
AM demodulator or a company building next-gen radar systems, SDR is no longer optional;
it's essential.

It represents the ECE mindset at its best: adaptable, efficient, and always pushing boundaries.
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6: Light-Powered Connectivity with Arduino and LDR Sensor

Ajith Kumar Reddy [23R11A0479]

Introduction

This project addresses the need for a simple, affordable way to send wireless messages using
just a mobile phone and an Arduino board. Unlike Bluetooth or Wi-Fi, which require
complex hardware and software, this system leverages everyday components—smartphone
flashlights, Arduino, and LDR sensors—to communicate through light. By revisiting the
basics of communication, the project taps into the power of light, an ever-present medium, to
create an accessible platform for both beginners and tech enthusiasts. Using a phone’s
flashlight as the transmitter adds a modern touch, making a message sending an engaging
blend of creativity and technology.

Technical Architecture and System Components

e Transmitter Module:
A React Native-based mobile application encodes alphanumeric data into modulated
light pulses via the smartphone’s flashlight, achieving precise temporal modulation
compatible with Arduino signal decoding.

e Receiver Module:

The Arduino UNO interfaces with an LDR sensor — a photoconductive element
whose resistance varies with incident light intensity — to capture modulated pulses.
The sensor’s analog output feeds into Arduino’s ADC, enabling real-time digital
demodulation of light signals.

e Output Interface:

Decoded data is presented on an LCD module, providing user feedback and enabling
interactive communication sessions.

Power supply | - ARDUING UNED B3

Light data from

LDR Sensor
App - =1 =
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Methodology: From Light Modulation to Data Reconstruction

e Message Encoding and Emission:
Users input textual data via the app, which encodes the payload into a sequence of
temporally distinct light pulses (ON/OFF patterns) emitted through the smartphone
flashlight. This modulation scheme leverages pulse duration encoding for signal
clarity and robustness.

e Optical Signal Acquisition:
The LDR sensor, positioned within line-of-sight, transduces the incident modulated
light into variable electrical resistance, converted into voltage fluctuations readable by
Arduino’s ADC pins.

e Signal Processing and Decoding:
Embedded firmware interprets pulse widths and inter-pulse intervals, reconstructing
the encoded bitstream into human-readable characters. This step involves
thresholding, noise filtering, and timing analysis to ensure accurate decoding.

e User Feedback and Loop:
Decoded messages are displayed, and optional acknowledgment protocols can be
implemented for bidirectional communication integrity.

Experimental Validation and Performance Metrics

Extensive testing was conducted varying transmitter-to-receiver distance and ambient
lighting conditions. The system reliably decoded messages within the effective flashlight
illumination radius (approx. 2-3 meters), with performance degradation observed beyond this
range due to signal attenuation and ambient interference. Sensitivity tuning via onboard LDR
potentiometers mitigated false positives from background light, reinforcing the feasibility of
light-based communication in controlled environments.

Applications and Impact: From Academia to Industry

e Emergency and Disaster Response: Facilitating low-cost, rapid-deployment
communication channels in RF-denied or congested environments.

e Secure, Localized Data Exchange: Leveraging line-of-sight restrictions for enhanced
communication security in sensitive applications.
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e Interactive Learning Platforms: Providing hands-on experience with optical
communication, signal modulation, and embedded system design.

e Augmented Reality and [oT Networks: Potentially integrating into smart lighting and
sensor networks for seamless device interoperability.

Limitations and Future Directions

e Range and Line-of-Sight Constraints: Intrinsic to optical communication, requiring
unobstructed paths and limiting scalability.

e Ambient Light Interference: Variable lighting conditions pose challenges; future work
could explore advanced filtering and adaptive modulation schemes.

e Hardware Dependencies: Reliance on smartphone flashlight intensity and Arduino
ADC resolution caps performance; evolving hardware capabilities can enhance
throughput.

e latency and Data Rate: Current modulation limits restrict high-throughput
applications; integrating FPGA-based signal processing could unlock real-time
high-speed communication.

Conclusion

This project uniquely blends simplicity and functionality, providing an educational platform
for learning light-based communication using Arduino, LDR, and smartphone flashlights. It
demystifies complex concepts through hands-on experience, bridging traditional hardware
with modern technology. Despite limitations, it offers versatile applications from emergency
communication to interactive learning. Its visual and interactive nature enhances engagement,
especially for beginners. Overall, it fosters creativity and exploration, paving the way for
future innovations in electronics and communication.

References

e Idea Reference: https://nevonprojects.com/.
e Data transmission using Li-Fi Technique - Zahraa Tareq Aldarkazaly, Manal Fadhil
Younus, University of Uruk / Iraq, Baghdad
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7: Seeing Beyond the Surface: A Psychological Reflection on

"Realistic Eye"

B.Pravalika (23R11A0449)
The Eye as a Window to the Mind

In psychology, the human eye is often referred to as the "window to the soul." It reflects what
words often fail to convey—emotion, thought, intention. The artwork Realistic Eye captures
this truth with quiet precision, translating a core psychological symbol into a raw, visual
experience.

Drawn with graphite, yet filled with emotional color, this eye doesn’t merely represent
sight—it embodies perception, awareness, and vulnerability. Each detail—the moisture line
under the lid, the density of lashes, the sharp contrast of the pupil—invites the viewer into a
psychological space of observation and introspection.

Psychologists have long studied gaze behavior, where the direction, intensity, and duration of
eye contact reveal aspects of personality, trustworthiness, and even mental state. In this
sketch, the eye stares outward—not in aggression or passivity—but with a balanced, alert
calm. It reflects a moment of self-awareness, as though the viewer is being silently asked:
“What do you see in me that you may not yet see in yourself?”
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8:The Archetype of Innocence — Baby Krishna as a Mirror of the
Inner Self

B.Pravalika (23r11a0449)

In a world hyper-saturated with digital distractions, one graphite drawing stands strikingly
still a hand-rendered portrayal of Baby Krishna that transcends aesthetics and dives headlong
into the realms of myth, psychology, and neuro-symbolic cognition.

At first glance, this sketch may appear religious or sentimental. But a deeper gaze reveals
something far more universal: it is a psychological archetype in motion the Divine Child,
rendered through pencil, prayer, and presence.

The child Krishna, drawn with hypnotically expressive eyes, soft curls, and folded hands,
isn’t merely a figure of devotion. He is a collective symbol, evoking what Carl Jung called
the puer aeternus the Eternal Child that exists in all of us. This isn’t just a deity; it is the
inner self, seeking safety, purity, and transcendence.

The Neurology of Softness: Why This Sketch Calms the Mind

Visual neuroscientists have documented that when humans encounter childlike features: large
eyes, soft proportions, gentle textures the parasympathetic nervous system is activated,
slowing the heart rate and stimulating oxytocin release. In simple terms, we feel soothed.

This artwork subtly orchestrates that response. The symmetry of Krishna’s face, the
meditative lotus beneath him, and the intricate pencil shading around his gaze decelerate the
viewer’s cognition. It brings us out of fight-or-flight and into reflective calm, a neurological
reminder of the safety of early attachment and maternal gaze.

From Myth to Mind — Art as a Sacred Cognitive Space
The Lotus and the Brainstem: Symbols with Psychological Power

Symbols aren’t just cultural. They’re cognitive. The lotus flower, emerging from the murky
depths of the page, is both a spiritual motif and a psychological metaphor. In both Eastern
mysticism and Western psychoanalysis, the lotus represents emergence — rising clean from
chaos, just as identity rises from childhood.

The folded hands of Krishna resemble the Anjali Mudra, a gesture used in meditative
practices across India and Southeast Asia. What is fascinating is that such gestures, when
seen, stimulate mirror neurons in the brain subtly inviting the viewer into the same
contemplative state. The result? A sketch that meditates back at you.
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From Krishna to Christ, Horus to Hercules, the Divine Child reappears across myths and
timelines. Jung identified this recurring image as a powerful symbol of wholeness, renewal,
and hope — often arising in the psyche during times of psychological transition or
transformation.




In this drawing, Baby Krishna does not sit on a throne of cosmic glory. He rests simply,
gently, within reach. The child is accessible, even as he remains otherworldly. This paradox is
what makes the art so emotionally compelling; it lets us confront our own buried innocence
without shame or fear.

An Image That Heals What Language Cannot

In a time where trauma discourse dominates therapy rooms and self-help manuals, it is easy
to forget the most ancient and effective medicine symbolic restoration through sacred

imagery.

Pravalika’s drawing is not a decoration. It is an invitation: to soften, to reflect, and perhaps
most importantly, to remember. To remember a self that still knows how to pray. A self that
still believes in goodness. A self that still listens, as children do, with awe.

Through pencil and shadow, the artist has rendered not just a child god but the universal face
of hope remembered.
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9.Impact of SG on the Internet of Things
Mrs. B. Sumitra, Assistant Professor, Dept. of ECE
Introduction

The key features of 5G that make it a game-changer for IoT, such as ultra-reliable
low-latency communication (URLLC), enhanced mobile broadband (eMBB), and massive
machine-type communications (mMTC). How these features enable a seamless connection of
millions of [oT devices, providing faster, more efficient, and more reliable data transfer. 5G
will help reduce the energy consumption of [oT devices and enable real-time data processing,
essential for applications like autonomous vehicles and remote healthcare.

Application of 5G in Real World scenario

Building upon the concepts shared during the session, the integration of 5G into the Internet
of Things (IoT) heralds a new era of connectivity, poised to redefine industries and daily life.
5G technology offers high-speed, low-latency, and highly reliable communication networks
capable of connecting billions of devices simultaneously, unlocking the full potential of [oT
in sectors such as smart homes, healthcare, transportation, and industrial systems. With
ultra-reliable low-latency communication (URLLC), 5G ensures near-instantaneous data
transfer, which is essential for applications like autonomous driving, industrial automation,
and telemedicine. Enhanced mobile broadband (eMBB) supports high-bandwidth
applications such as video streaming, augmented reality, and virtual reality, allowing IoT
systems to handle large volumes of data efficiently. Additionally, massive machine-type
communications (MMTC) facilitate the connection of millions of IoT devices, particularly in
smart cities and industrial IoT, while network slicing provides tailored virtual networks for
optimal performance across various IoT services. Furthermore, 5G networks prioritize energy
efficiency, ensuring sustainable operation for IoT devices that rely on battery power. The
potential applications of 5G-enabled IoT are vast, including remote healthcare, precision
farming, and Industry 4.0 automation, yet challenges such as infrastructure upgrades, security
concerns, and data management remain. As 5G continues to integrate with loT networks, it
promises to foster innovation, open new business opportunities, and significantly improve
quality of life across various industries.

Edge Computing and 5G-1oT Integration

The synergy between 5G and IoT is amplified by edge computing, which brings data
processing closer to IoT devices, reducing latency and bandwidth demands. With 5G's
high-speed and low-latency capabilities, edge computing enables real-time analytics for IoT
applications like smart grids, predictive maintenance, and autonomous vehicles. By
processing data locally, edge computing minimizes the need to transmit large datasets to
centralized cloud servers, enhancing efficiency and security. This integration supports
mission-critical applications, such as real-time monitoring in healthcare or smart
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manufacturing, where split-second decisions are vital. However, challenges like edge
infrastructure deployment and ensuring compatibility across diverse [oT ecosystems must be
addressed to fully realize this potential.

Security and Privacy in 5G-Enabled IoT Ecosystems

The proliferation of 5G-connected IoT devices introduces significant security and privacy
challenges due to the vast number of connected endpoints and the sensitive nature of the data
they generate. 5G's network slicing and advanced encryption protocols offer improved
security frameworks, but vulnerabilities in IoT devices, such as weak authentication or
firmware issues, remain a concern. Ensuring end-to-end security across devices, networks,
and applications is critical for protecting against cyber threats like data breaches or device
hijacking. Additionally, robust privacy measures are essential to safeguard user data in
applications like smart homes and healthcare. Addressing these challenges requires
standardized security protocols, regular software updates, and advanced threat detection
systems tailored for 5G-IoT environments.

Conclusion

The integration of 5G into IoT ecosystems marks a transformative leap in connectivity,
enabling unprecedented opportunities for innovation across industries like healthcare,
transportation, smart cities, and industrial automation. With features like ultra-reliable
low-latency communication (URLLC), enhanced mobile broadband (eMBB), and massive
machine-type communications (mMTC), 5G empowers IoT systems to deliver real-time,
high-bandwidth, and scalable solutions. The synergy with edge computing further enhances
efficiency and responsiveness, while addressing security and privacy challenges is critical to
ensuring trust and reliability in these networks. Despite challenges such as infrastructure
costs, cybersecurity risks, and data management complexities, the convergence of 5G and loT
promises to drive economic growth, improve quality of life, and redefine how industries and
societies operate in an increasingly connected world.

References
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10.Deep Learning for Brain Tumor Detection and Classification
Using MRI Images

Dr..B. Ramu, Associate Professor, Dept. of ECE
Introduction

Detecting and classifying brain tumors using MRI Images. The presentation began by
highlighting the critical role of early and accurate tumor detection in improving patient
outcomes and the challenges posed by conventional diagnostic methods. The transformative
potential of deep learning techniques in medical imaging, particularly in identifying and
categorizing brain tumors with high precision.

CNN(Convolutional Neural Network)

Deep learning has emerged as a groundbreaking tool in the field of medical imaging, offering
unprecedented accuracy and efficiency in the detection and classification of brain tumors
using MRI images. Through the use of convolutional neural networks (CNNs), these models
automatically extract and learn features from imaging data, eliminating the need for manual
feature engineering. By segmenting MRI images and identifying tumor regions, CNNs enable
precise localization and characterization of tumors.

The classification process, where tumors are categorized into specific types, relies on
high-dimensional feature representations learned by deep networks. Advanced architectures
like ResNet and U-Net further enhance the performance by enabling deeper feature extraction
and accurate segmentation. Challenges such as small training datasets are addressed through
transfer learning and data augmentation, while ensemble models combine the strengths of
multiple networks to improve robustness.

Deep learning's impact on brain tumor detection is transformative, offering faster and more
accurate diagnoses, aiding clinicians in decision-making, and paving the way for personalized
treatment strategies. As these technologies evolve, they hold the potential to revolutionize
healthcare by bridging the gap between advanced analytics and real-world clinical
applications.

Deep Learning in Brain Tumor Detection Using MRI Images

Deep learning has emerged as a groundbreaking tool in the field of medical imaging, offering
unprecedented accuracy and efficiency in the detection and classification of brain tumors
using MRI images. Through the use of convolutional neural networks (CNNs), these models
automatically extract and learn features from imaging data, eliminating the need for manual
feature engineering. By segmenting MRI images and identifying tumor regions, CNNs enable
precise localization and characterization of tumors.
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Advanced Architectures for Enhanced Performance

The classification process, where tumors are categorized into specific types, relies on
high-dimensional feature representations learned by deep networks. Advanced architectures
like ResNet and U-Net further enhance performance by enabling deeper feature extraction
and accurate segmentation. ResNet’s residual learning framework mitigates the vanishing
gradient problem, allowing for deeper networks, while U-Net’s symmetric architecture excels
in pixel-wise segmentation tasks, critical for delineating tumor boundaries in MRI scans.

Overcoming Challenges in Deep Learning

Challenges such as small training datasets are addressed through techniques like transfer
learning and data augmentation. Transfer learning leverages pre-trained models on large
datasets, adapting them to medical imaging tasks, while data augmentation artificially
expands datasets by applying transformations like rotation and flipping. Ensemble models
further improve robustness by combining the strengths of multiple networks, reducing
overfitting and enhancing generalization across diverse tumor types.

Conclusion

Deep learning’s impact on brain tumor detection is transformative, offering faster and more
accurate diagnoses, aiding clinicians in decision-making, and paving the way for personalized
treatment strategies. As these technologies evolve, they hold the potential to revolutionize
healthcare by bridging the gap between advanced analytics and real-world clinical
applications. Continued advancements in model architectures, data handling, and
computational efficiency will further solidify deep learning’s role in medical diagnostics.
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11.Cognitive Radio System
Dr. Appala Raju Uppala, Associate Professor, Dept. of ECE

Introduction

Cognitive Radio (CR) systems are a smart innovation in wireless communication, developed to solve
the growing problem of limited spectrum availability. These systems allow wireless devices to detect
unused frequencies and use them temporarily without disturbing the primary users. This efficient use
of spectrum makes CR systems an essential part of next-generation communication networks.

Function

The first and most vital function of a CR system is spectrum sensing. This process involves scanning
the radio environment to detect spectrum holes—frequency bands that are not currently being used by
licensed users. To perform this task, techniques such as energy detection, matched filtering, and
cyclostationary feature detection are commonly used. Each method has its advantages and is chosen
based on accuracy, speed, and hardware requirements.

Once the available frequencies are identified, dynamic spectrum access comes into play. The CR
system quickly allocates these unused bands to secondary users. If the primary user returns, the CR
system must vacate the band to avoid interference. This ability to switch frequencies dynamically
ensures that the spectrum is used more efficiently and reduces network congestion.

Reconfigurability is another strong point of CR systems. Unlike traditional radios, cognitive radios
can adjust their transmission parameters on the fly. For instance, they can change the operating
frequency, transmission power, and even modulation technique depending on the surrounding
environment. This flexibility leads to better communication performance and adaptability in changing
conditions.

CR systems also incorporate learning and decision-making capabilities. By using machine learning
techniques such as reinforcement learning, these radios can analyze past interactions with the
environment and make smarter choices in the future. Over time, they improve their decision-making
skills, leading to more optimized spectrum use and reduced interference.

Interference management is critical in CR networks. Since secondary users share the spectrum with
primary users, avoiding harmful interference is crucial. CR systems use predictive algorithms to
detect when a conflict might occur and adjust operations to prevent it. This protects the performance
of licensed users while still allowing unlicensed users to communicate effectively.

CR technology has broad applications. In the military, it provides secure and adaptive communication
in complex environments. In emergency response, it ensures reliable communication during disasters
when networks are overloaded. It also plays a major role in the development of 5G and 6G
technologies, which demand higher spectrum efficiency and faster data rates.

Despite their advantages, CR systems face several challenges. Designing flexible and powerful
hardware is complex and costly. Security is another concern, as smart attackers could try to misuse the
system’s adaptability. Lastly, regulatory policies vary across regions, making it difficult to deploy CR
networks globally without standard rules.
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12.Exploring the Depths of Supervised and Unsupervised
Machine Learning Algorithms

Mrs. M. Sowjanya, Associate Professor, Dept. of ECE

Introduction

Machine learning (ML) is transforming the digital world by enabling computers to learn
from data and make decisions with minimal human intervention. It mimics human learning
and evolves through experience, becoming more accurate over time. Among the key
approaches in ML, supervised and unsupervised learning are the most widely adopted and
form the base for many intelligent systems in use today.

Main Content

Supervised learning works on the foundation of labeled data. This means the dataset includes
both inputs and their corresponding correct outputs. The algorithm uses this data to learn how
to map inputs to the right outputs. Once trained, the model can make predictions on new
inputs by using the relationships it learned.

For example, in email spam detection, emails are labeled as "spam" or "not spam." A
supervised model learns from this data and can classify new emails correctly. Other
applications include:

e Medical Diagnosis: Predicting diseases based on patient records
e Predictive Maintenance: Estimating when machines might fail based on sensor data

e Speech Recognition: Converting audio into text with high accuracy

Some commonly used algorithms in supervised learning include:

o Decision Trees: These follow a flowchart-like structure to make decisions step by
step

e Support Vector Machines (SVMs): These draw clear lines between different classes
e Naive Bayes: Often used in text classification like spam filtering

e Neural Networks: Especially effective in handling complex patterns like image or
voice data

On the other hand, unsupervised learning is all about exploring hidden patterns in data that
has no labels. The system tries to organize or simplify the data by discovering groupings or
key features on its own.
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A good example is customer segmentation in marketing. A company can group customers
based on their behavior without knowing who buys what in advance. This helps in targeting
the right offers to the right people. Unsupervised learning is also used in:

e Anomaly Detection: Identifying unusual patterns such as fraud
e Recommender Systems: Suggesting new products based on user behavior

e Data Compression: Simplifying large datasets while keeping key information

Popular algorithms in this category include:

e K-Means Clustering: Groups data points into clusters based on similarity

e Hierarchical Clustering: Builds a tree of nested clusters for deeper pattern
understanding

e Principal Component Analysis (PCA): Reduces the number of variables while
retaining most of the information

Between supervised and unsupervised learning, there is semi-supervised learning. It is used
when only a small portion of the data is labeled and the rest is unlabeled. This is often the
case in real-world scenarios where labeling is costly and time-consuming. For instance, in
face recognition, manually tagging thousands of images is tough, so semi-supervised learning
helps by combining a few labeled images with many unlabeled ones.

Semi-supervised learning is especially useful in fields like: Natural Language processing,
Image Analysis etc

Conclusion

Machine learning techniques such as supervised, unsupervised, and semi-supervised learning
are essential tools in today’s data-driven world. Supervised learning brings precision and
control, unsupervised learning uncovers hidden patterns, and semi-supervised learning
balances the two when labeled data is limited. As technology advances, these learning
methods are evolving to handle even more complex tasks. Together, they are shaping a
smarter, more efficient future where data drives innovation across nearly every industry.

35



13.Decision Tree Classifier: From Node to Network, Process to
Performance

Mrs. M. Laxmi, Associate Professor, Dept. of ECE

Introduction

Decision Tree Classifiers are a foundational tool in machine learning, offering a simple yet
effective way to classify data. They operate by asking a series of questions about the features
in the dataset, eventually leading to a final decision. This structure, similar to a flowchart,
makes them easy to understand and interpret. Due to their flexibility and clarity, decision
trees are widely used in industries ranging from healthcare to finance.

Main Content

The core idea behind a decision tree is to split the data into groups that are as pure as
possible, meaning each group should contain mostly instances of a single class. To determine
how to split the data, the algorithm uses mathematical measures:

e Gini Impurity: Measures how often a randomly chosen element would be incorrectly
labeled if randomly assigned according to the distribution of labels in the subset

e Information Gain: Measures the reduction in entropy or surprise from transforming a
dataset using a particular feature

These metrics help identify the feature that creates the best separation between classes at each
node.

The process continues by applying the same splitting logic to each new subset, creating
branches and nodes until the algorithm meets a stopping condition. Stopping conditions can
include:

e All data points in a node belong to the same class

e The tree reaches a maximum depth

e A minimum number of samples per leaf is reached

e No further information gain is achieved
However, if the tree is allowed to grow without limits, it can become overly complex and too
specific to the training data. This is known as overfitting, and it causes poor performance on

new data. To avoid this, pruning is performed, which involves cutting off unnecessary
branches. There are two types of pruning:
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e Pre-pruning: Stops the tree from growing too deep during training

e Post-pruning: Trims the tree after it has been fully grown by removing branches that
do not improve accuracy

Different decision tree algorithms use different strategies:
e ID3 (Iterative Dichotomiser 3): Uses information gain to make splits
o (4.5: An extension of ID3 that handles continuous data and applies pruning

o CART: Uses the Gini index and supports both classification and regression tasks

Though decision trees are effective and transparent, they can become unstable, especially
when the training data changes slightly, which may lead to a completely different tree. This is
where ensemble methods shine. They combine multiple trees to create a more stable and
accurate model.

e Random Forests: Build many decision trees using random subsets of the data and
average their results to improve accuracy and reduce varianc

e Boosting (e.g., AdaBoost, XGBoost): Builds trees sequentially, where each new tree
focuses on correcting the errors of the previous ones

These ensemble models not only improve performance but also increase resistance to
overfitting.

Despite their strengths, decision trees do have limitations:

e They are greedy, meaning they choose the best split at the moment without
considering future possibilities

e They can be biased toward features with more levels or values

e In high-dimensional spaces, they may struggle to identify meaningful splits without
strong feature engineering

With careful data preprocessing, feature selection, and tuning, decision trees can still perform
very well. Tools like scikit-learn in Python provide simple ways to implement and customize
decision trees and their ensemble counterparts.

Conclusion

Decision Tree Classifiers remain one of the most popular and versatile algorithms in
machine learning. Their clear structure, ease of interpretation, and solid performance make
them suitable for a variety of tasks. While they are not always the most powerful models on
their own, combining them in ensemble methods can yield highly accurate and reliable
systems. With the right strategies, decision trees continue to be a go-to solution for solving
classification problems across industries.
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14.Estimation of Direction of Arrival of Radar Signals Using
Mr. D. Venkata Rami Reddy, Associate Professor, Dept. of ECE

Introduction

Baseline Interferometry (BLI) is a refined and highly accurate method used for estimating
the Direction of Arrival (DOA) of electromagnetic signals, especially in radar, sonar, and
communication systems. By measuring the phase differences between signals received at
multiple antennas placed at known distances from each other, BLI can determine the angle
from which a signal originates with exceptional precision. This method has become a
foundation in modern signal processing technologies due to its reliability, resolution, and
adaptability.

Main Content

At the heart of BLI is a geometrical and wave-based principle: when a wavefront from a
distant source reaches an array of antennas, the signal arrives at each antenna with a slight
delay. This delay depends on the angle of arrival and the distance between the antennas.
When converted into phase differences, these delays provide the critical data needed to
calculate the DOA.

For example, if two antennas receive the same signal and the phase difference between them
is known, the angle can be estimated using trigonometric relationships. The greater the
spacing (baseline) between antennas, the higher the angular resolution. However, a larger
baseline can also introduce phase ambiguity if not properly handled, especially when the
phase shift exceeds one full cycle (2n radians).

To interpret this phase data accurately, BLI systems use high-performance signal processing
algorithms. These algorithms account for noise, interference, and hardware limitations to
provide stable and accurate angle measurements. Two such techniques are particularly
notable:

e MUSIC (Multiple Signal Classification): MUSIC separates the signal and noise
subspaces using eigenvalue decomposition. It provides fine resolution even when
multiple signals arrive simultaneously from nearby angles.

e ESPRIT (Estimation of Signal Parameters via Rotational Invariance
Techniques): ESPRIT works with pairs of subarrays to estimate the angles directly
from signal correlation, offering a faster and computationally efficient alternative to
MUSIC.

While linear antenna arrays are the simplest to implement, they are typically limited to
azimuth estimation (2D angle). More complex array geometries, like circular arrays, can
provide 360-degree coverage, and planar arrays can give full 3D spatial resolution,
including both azimuth and elevation.
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Despite its strengths, BLI faces certain challenges:

Phase Ambiguity: Signals arriving at a wide baseline can produce multiple possible
phase interpretations. This is especially problematic for high-frequency signals or
long distances. Techniques like phase unwrapping and multi-frequency operation
are used to overcome this.

Multipath and Reflections: In urban or indoor environments, reflected signals can
distort phase measurements. To combat this, adaptive filtering and spatial diversity
techniques are used.

Array Calibration: Even small errors in antenna positioning or timing can introduce
significant inaccuracies. High-precision calibration is critical for reliable operation.

Computational Demand: High-resolution algorithms like MUSIC and ESPRIT
require matrix computations, making real-time processing demanding—though this is
being offset by modern processors, FPGAs, and GPUs.

BLI is used in a wide range of applications:

Radar Systems: For detecting and tracking targets with precision in defense and
aerospace

Electronic Warfare: To locate and identify hostile signal sources

Wireless Communication: For beamforming and interference suppression in 5G and
future 6G systems

Sonar Systems: Underwater DOA estimation for submarine tracking

Autonomous Vehicles: Accurate localization and sensor fusion with radar for
navigation and obstacle avoidance

With the increasing integration of Al and machine learning in signal processing, future BLI
systems may become self-optimizing, adapting to signal environments in real time and
improving DOA accuracy even further.

Conclusion

Baseline Interferometry offers a high-precision, reliable method for direction finding that
underpins many modern sensing and communication systems. By leveraging phase
differences between signals received at spatially separated antennas, BLI can accurately
pinpoint the source direction.
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15. Phase-Locked Loop (PLL)
M Kalpana Devi [23R11A0476]

Introduction

A Phase-Locked Loop (PLL) is a powerful feedback system that synchronizes the phase and
frequency of an output signal with that of a reference input. PLLs are embedded in nearly
every modern electronic system—from RF circuits and communication devices to
microprocessors and clocks—making them a core building block in both analog and digital
electronics.

At its core, a PLL consists of three major components:

1. Phase Detector (PD): This compares the input signal phase with the phase of the
signal generated by the Voltage-Controlled Oscillator (VCO). The output is a signal
representing the phase error.

2. Low-Pass Filter (LPF): The phase error signal from the PD is usually noisy and needs
to be smoothed. The LPF filters out high-frequency components, delivering a clean
control signal.

3. Voltage-Controlled Oscillator (VCO): This generates an output signal whose
frequency is a function of the input control voltage. As the voltage changes, the
frequency and phase of the VCO adjust accordingly.

Once the loop is closed, the VCO continuously adjusts itself until its output is in phase (and
frequency) with the reference input. When this happens, the PLL is said to be “locked.” If the
reference input changes slightly, the PLL can track it and maintain synchronization—this is
critical for systems requiring high accuracy and stability.

PLLs are widely used in:

o Frequency synthesis, such as generating multiple clock frequencies from a single
reference (e.g., in CPUs and RF transceivers).

e Demodulation, particularly in FM and PM receivers.

e Clock recovery, especially in digital communication systems like USB, Ethernet, and
HDML.

e Radio tuning, where they help lock onto the desired channel frequency.

Advanced types of PLLs include digital PLLs (DPLL) and all-digital PLLs (ADPLL), which
offer better integration with modern digital systems and are easier to implement on chips.
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Moreover, Delay-Locked Loops (DLLs), a cousin of PLLs, are used where timing
alignment—not frequency—is the primary goal.

However, the design of a PLL is sensitive. Issues like loop stability, lock time, jitter, and
noise performance require careful component selection and tuning of loop parameters (loop
bandwidth, damping factor, etc.). Simulation tools like MATLAB and SPICE are often used
during design to analyze these parameters.

Conclusion

The Phase-Locked Loop stands as a cornerstone of modern electronics. Its ability to lock,
track, and regulate signals in real-time makes it indispensable in communications, signal
processing, and embedded systems. As technology advances into higher frequencies and
more complex modulation schemes, the role of PLLs continues to expand, ensuring signal
integrity and synchronization across domains.
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16.ARM Cortex-M vs Cortex-A Applications

T.Baladitya [23R11A0495]

Introduction

The ARM processor family is known for its low power, high performance, and wide range of
applications. Among its most widely used cores are the Cortex-M and Cortex-A series, each
tailored for specific computational needs. While both belong to the ARMv7 architecture
family (with extensions in ARMv8 and ARMVY), they serve distinctly different roles in the
embedded and general-purpose computing world. Understanding the difference between
these two is crucial for system designers, developers, and engineers aiming to build efficient
and optimized products. This comparison dives deep into the architectural philosophy,
real-world application scope, and performance expectations between these two powerful
ARM cores.

At the heart of the difference is the design objective. Cortex-M processors are designed with
deterministic, low-latency interrupt handling and efficient real-time performance in mind.
These are typically used in microcontrollers and embedded systems where power
consumption and cost matter more than raw performance. In contrast, Cortex-A processors
are designed for high-throughput tasks and run full operating systems like Linux or Android.
These are used in smartphones, tablets, and even low-power laptops and automotive
infotainment systems.

In real-world applications, this distinction becomes more pronounced. Cortex-M is ideal for
bare-metal programming or lightweight RTOS environments like FreeRTOS. Cortex-A,
on the other hand, thrives in rich OS environments, multitasking, and memory management
where processes and threads need to be separated and managed efficiently by a full-blown
operating system kernel.

Some key architectural differences worth noting are:

e Cortex-M cores generally lack Memory Management Units (MMUs), while
Cortex-A cores include MMUSs that support virtual memory.

e Cortex-M uses a simpler Harvard architecture with separate instruction and data
buses for speed, whereas Cortex-A uses a more complex Von Neumann architecture

or variants with out-of-order execution and branch prediction.

e Cortex-A includes features like L1/L2 caches, SIMD support (NEON), and
sometimes GPU interfaces, while Cortex-M is more minimalist.
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Let’s now look at application-level examples that demonstrate the ideal usage of both cores.

Cortex-M Applications:
Cortex-M processors are designed for deterministic, real-time tasks. They are lightweight,
energy-efficient, and highly responsive, making them ideal for sensor-based embedded

systems.

Smart Watches and Wearables: These devices need ultra-low power processing to
support long battery life. Cortex-M0/M4 cores are commonly used in Fitbit, Garmin,
and similar wearables.

Automotive ECUs (Electronic Control Units): Systems such as power windows,
airbags, and ABS use Cortex-M for predictable, low-latency behavior.

Home Automation Devices: Smart bulbs, fans, and thermostats often use
Cortex-M3/M33 microcontrollers due to their cost and energy efficiency.

Medical Devices: Cortex-M is used in infusion pumps, portable ECG monitors, and
glucometers for reliability and real-time behavior.

Industrial Automation: Motor control systems, small PLCs, and industrial sensor
nodes use Cortex-M processors.

IoT Edge Nodes: Low-power sensor hubs or edge analytics modules for IoT rely
heavily on Cortex-M with FreeRTOS or bare metal logic.

Cortex-A Applications:
On the other hand, Cortex-A cores cater to processing-intensive environments. Their ability
to run rich OS environments makes them the core choice for multimedia and high-end

computing.

Smartphones and Tablets: ARM Cortex-A72, A76, and newer cores are used in
Snapdragon and Exynos chips powering millions of Android phones.

Single Board Computers: Raspberry Pi uses Cortex-A72 cores to run Linux and
perform tasks like browsing, video playback, and coding.

Automotive Infotainment Systems: Touchscreen displays, GPS navigation, and
multimedia control use Cortex-A for handling complex graphics and data streams.

Al Edge Devices: Devices running TensorFlow Lite or ONNX for edge inference
often use Cortex-A for managing memory and model complexity.
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e Smart TVs and Set-top Boxes: Multimedia playback, app integration, and OS-level
services run on Cortex-A processors.

o Medical Imaging Systems: Cortex-A processors are used for running Linux-based
diagnostic systems in ultrasound or portable X-ray machines.

When comparing power consumption, Cortex-M cores typically operate in microwatts to a
few milliwatts, whereas Cortex-A processors consume significantly more, sometimes
reaching hundreds of milliwatts to watts, especially under peak loads. However, the
trade-off is justified by the level of computational performance and multitasking capabilities
they offer.

From a developer's perspective, Cortex-M cores offer simplicity and control. Since they are
often used with RTOS or bare metal code, debugging is straightforward, and timing behavior
is predictable. Cortex-A development, in contrast, is more complex but enables developers to
use modern software stacks, tools like GCC/LLVM, and powerful debugging and profiling
utilities.

Hybrid Architectures are increasingly emerging, where both Cortex-M and Cortex-A are
integrated into the same SoC. For example, NXP i.MX RT series or ST STM32MP1
integrate a Cortex-A core for OS-level processing and a Cortex-M core for real-time control.
This hybrid model allows for partitioning tasks based on latency and performance
needs—maximizing both efficiency and flexibility.

To conclude, ARM Cortex-M and Cortex-A are not in competition but rather complement
each other in different domains. While Cortex-M dominates the control and sensing layer of
embedded systems, Cortex-A rules the application and decision layer. For future embedded
engineers, knowing when to use which core is a crucial design decision that can drastically
affect cost, efficiency, and performance.
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17.Smart Agriculture using Embedded IoT

T.Girish Kumar [23R11A0496]

Introduction

Smart Agriculture is transforming the traditional farming landscape by integrating embedded
systems with Internet of Things (IoT) technologies. This revolution aims to enhance
productivity, resource efficiency, and sustainability. By deploying sensors, microcontrollers,
actuators, and wireless communication protocols, farmers can gain real-time insights into soil
health, weather conditions, crop growth, and equipment status. Embedded IoT systems allow

for automation, precision agriculture, and data-driven decision-making, which are crucial for

feeding a growing global population under the constraints of limited natural resources.

Main Content

1. Core Components of Embedded IoT in Agriculture:

Sensors: Soil moisture, temperature, humidity, pH, and nutrient sensors are embedded
in fields to collect data.

Microcontrollers & Embedded Boards: Devices like Arduino, ESP32, and Raspberry
Pi serve as control units, processing data and interfacing with actuators and cloud
services.

Communication Modules: Wi-Fi, LoRa, ZigBee, and NB-IoT are commonly used for
long-range, low-power data transmission.

Actuators: Used to automate systems like irrigation, fertilization, or pest control.

Cloud & Edge Platforms: Data is stored, visualized, and analyzed using platforms like
ThingSpeak, Blynk, AWS IoT, or Google Firebase.

2. System Architecture:
A typical smart agriculture setup involves:

Data Acquisition Layer: Sensors continuously monitor environmental parameters.

Processing Layer: Embedded processors apply logic (threshold-based or Al-driven) to
interpret data.

Communication Layer: Sends data to centralized systems via MQTT, HTTP, or
custom APIs.
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Actuation Layer: Triggers water pumps, drones, or sprayers as per the decision logic.

User Interface Layer: Farmers interact with the system via mobile apps or web
dashboards.

3. Features & Functionalities:

Precision Irrigation: Activates water flow only when and where it's needed, based on
real-time soil moisture.

Climate Monitoring: Tracks temperature, rainfall, wind, and UV levels to optimize
crop management.

Disease & Pest Detection: Al-integrated image sensors can detect leaf discoloration or
pest infestation early.

Crop Growth Analytics: Embedded cameras and ML models analyze growth rates and
predict yield.

Smart Greenhouses: Automatically regulate temperature, humidity, and CO: levels for
optimal growth.

Livestock Monitoring: Wearables with GPS and health sensors track animal
movement, temperature, and behavior.

4. Power Considerations:

As agriculture often takes place in remote areas, embedded IoT systems are optimized for:

Low Power Operation: Using deep sleep modes, edge computing, and solar power.

Battery Management: Solar-powered systems with Li-ion backup ensure 24/7
operation.

5. Embedded Design Challenges:

Ensuring ruggedness for outdoor environments (dust, water, heat).
Achieving low-latency communication with minimal power.
Real-time decision-making using lightweight ML models.

Ensuring interoperability among diverse [oT devices and platforms.
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Applications

Smart Irrigation Systems
Automatically irrigate fields using real-time soil moisture and weather prediction to
minimize water waste.

Weather Forecast-Based Crop Planning
Farmers receive predictions about the best planting or harvesting times based on
embedded weather stations.

Automated Fertilizer Dispensers
Soil nutrient data is used to regulate the timing and amount of fertilizer released.

Drones & UAVs in Agriculture
Embedded with GPS, cameras, and Al processors, they survey fields, map crops, and
perform aerial seeding or spraying.

Post-Harvest Monitoring
IoT-enabled storage systems monitor humidity and temperature in grain silos to
prevent spoilage.

Livestock Tracking
Embedded GPS collars track animal locations, monitor vitals, and predict illnesses.

Conclusion

Embedded IoT in agriculture is not just a technological innovation—it's a necessity for future
food security. With precise monitoring, resource optimization, and data-backed insights,
smart farming empowers even small-scale farmers to boost yield and reduce costs. As
embedded systems become more powerful, affordable, and power-efficient, their integration

with agriculture will become more seamless, paving the way for autonomous farms and
Al-driven agriculture.
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18. Quantum Cryptography in Communication
P.Janardhan [23R11A0490]

Introduction

Quantum cryptography represents a revolutionary advancement in secure communication.
Unlike traditional cryptography, which relies heavily on complex mathematical algorithms
and computational limitations, quantum cryptography is based on the laws of quantum
mechanics. This makes it fundamentally secure, as it uses the properties of photons and their
behavior under observation to ensure that any attempt at interception or tampering can be
detected instantly. With the rise of quantum computers threatening to break current
encryption standards, quantum cryptography is gaining immense importance as a future-proof
solution.

Main Content

The backbone of quantum cryptography lies in a concept called Quantum Key Distribution
(QKD). QKD enables two parties to share a secret encryption key using photons in such a
way that any third-party interference disturbs the system and can be immediately detected.
This is possible due to core principles of quantum mechanics such as quantum superposition,
quantum entanglement, and the no-cloning theorem. For example, in the superposition
principle, a quantum particle can exist in multiple states at once until measured. Similarly,
entangled particles exhibit instant changes in each other, even over large distances. The
no-cloning theorem assures that quantum information cannot be copied without altering the
original state.

One widely known implementation of QKD is the BB84 protocol, where photons are
transmitted in different polarizations to represent bits of information. If an eavesdropper tries
to intercept the key, the polarization is disturbed, alerting the users about a possible breach.
This gives quantum cryptography the unique feature of forward secrecy—ensuring that even
if data is stored and later accessed with a stolen key, it remains undecipherable without the
correct quantum key exchange.

Applications

Quantum cryptography is being tested and applied in areas where data integrity and privacy
are of utmost importance. In military and defense, secure command transmissions can benefit
significantly from quantum channels. Banking and financial sectors are adopting pilot
programs for quantum-secure transactions, preventing cyber fraud and ensuring the safety of
high-value data. Government institutions are exploring quantum communication networks to
protect diplomatic and classified information. In healthcare, especially with the rise of
telemedicine, quantum security can protect patient records and sensitive diagnostic data.
Telecom industries are investigating quantum-safe calling and messaging systems, while the
growing Internet of Things (IoT) landscape could adopt quantum layers for ultra-secure smart
device communication.
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19.RISC-V Architecture
Tripurna Dyuthi Maheshwarla [23R11A0424]

Introduction

RISC-V is a modern, open-source instruction set architecture based on the principles of
Reduced Instruction Set Computing. Developed by researchers at the University of
California, Berkeley, RISC-V stands out because it is freely available to all developers
without the need for licensing. This makes it accessible to startups, universities, hobbyists,
and large tech companies alike. The goal behind RISC-V was to create a simple, flexible, and
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extensible architecture that could support a wide range of computing platforms from tiny
embedded devices to high-performance servers.

Unlike proprietary instruction sets like x86 or ARM, RISC-V encourages innovation. It
allows users to implement the base instruction set and then add only the extensions they need.
This modularity is one of the core strengths of RISC-V. By stripping down unnecessary
complexity and focusing on clean design, RISC-V enables high performance, low power
consumption, and easier hardware design.

Main Content

RISC-V is defined by a base integer instruction set along with optional standard extensions.
The most basic configuration is called RV32I. Here, "RV" stands for RISC-V, "32" refers to a
32-bit architecture, and "I" denotes the base integer instructions. This base set includes
essential operations like arithmetic, logical, load/store, and control instructions. Developers
can then choose to add extensions such as "M" for integer multiplication and division, "A"
for atomic instructions, "F" and "D" for floating-point operations, and "C" for compressed
instructions that reduce code size.
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One of the key advantages of RISC-V is the clean separation between the base and the
extensions. This means that systems can be built using just what is needed. A low-cost
embedded controller might only implement RV32I and C, while a high-performance chip
could use RV64IMAFDC, which supports 64-bit operations, multiplication, atomic access,
and floating-point.

Another important feature of RISC-V is support for custom instructions. This is especially
useful in fields like artificial intelligence, where developers may need to accelerate specific
operations. RISC-V allows vendors to add their own instructions without breaking
compatibility with the rest of the toolchain or ecosystem.

The simplicity of RISC-V also makes it easier to verify, test, and debug. Since the number of
instructions is small and the behavior is well-defined, designing and verifying hardware
becomes more manageable. This is a major benefit for educational purposes and for research
in processor design.

Applications

RISC-V is being adopted in a wide variety of domains. In embedded systems, its compact
instruction set and customizability make it ideal for microcontrollers, IoT devices, and
wearable technologies. Companies like SiFive and Andes Technology are already producing
commercial RISC-V cores for these markets.

In the academic world, RISC-V has become a go-to platform for teaching processor design
and computer architecture. Its open nature allows students to see how everything works under
the hood and even experiment with new ideas. This has dramatically improved access to
real-world processor design experience.

The enterprise and data center sectors are also exploring RISC-V, especially for tasks like
storage controllers, network processors, and accelerators. Because developers can tailor
RISC-V to specific workloads, it provides better efficiency and power management compared
to fixed-architecture alternatives.

High-performance computing and AI/ML are also emerging as promising areas for RISC-V
adoption. The ability to define vector extensions and specialized instructions enables the
development of accelerators for tasks like matrix multiplication, inference, and neural
network processing.

In national security and defense, RISC-V is particularly attractive because it allows
governments to build processors without foreign dependencies or hidden backdoors.
Countries looking for digital sovereignty are showing increased interest in adopting open
architectures like RISC-V for sensitive systems.

50



20.RF Energy Harvesting & Wireless Power Transfer
Tripurna Dyuthi Maheshwarla [23R11A0424]
Introduction

As the Internet of Things (IoT) continues to expand, the demand for low-power, sustainable
energy sources has surged. RF (Radio Frequency) energy harvesting and wireless power
transfer (WPT) emerge as promising technologies to address the energy requirements of
remote, wearable, and embedded systems. These technologies focus on capturing ambient or
transmitted electromagnetic energy and converting it into usable electrical power. By
eliminating or supplementing batteries, RF energy harvesting aims to create
maintenance-free, long-life electronic systems suitable for a variety of environments.

Main Content

RF energy harvesting involves the extraction of electrical power from ambient or dedicated
radio frequency sources. These sources may include television broadcast towers, cellular base
stations, Wi-F1 routers, or intentionally deployed RF transmitters. The typical RF energy
harvesting system comprises an antenna, an impedance matching network, a rectifier circuit
(RF-DC converter), and an energy storage or direct power delivery unit. The antenna captures
RF signals, which are then matched and rectified to extract DC power usable by
microcontrollers or sensors.

The power levels in ambient RF fields are typically very low, ranging from microwatts to a
few milliwatts, making efficiency and sensitivity of the circuit components a critical design
factor. To ensure successful energy extraction, the antenna must be designed to operate
efficiently at the target frequency band. Additionally, impedance matching is essential to
maximize the power transferred from the antenna to the rectifier. Multi-band and broadband
antennas are often used to widen the energy harvesting spectrum.

Wireless Power Transfer (WPT) is a broader concept that includes not only RF-based
methods but also magnetic resonance and inductive coupling. In RF-based WPT systems,
power is deliberately transmitted from a dedicated source to remote receivers. The process
involves careful beamforming, directional antennas, and energy-focused transmission to
ensure maximum power reaches the receiver. Such systems are ideal for devices deployed in
hard-to-reach or dangerous locations where battery replacement is impractical.

Key challenges in RF energy harvesting and WPT include low energy density, conversion
inefficiencies, and regulatory constraints on RF power emissions. Moreover, factors such as
interference, signal attenuation, and variability in the surrounding environment impact overall
performance. Nevertheless, innovations in ultra-low-power electronics, efficient rectenna
design, and adaptive energy management systems are helping to overcome these obstacles.

51



Applications

RF energy harvesting and wireless power transfer find use in a wide array of modern

electronic systems. Their ability to wirelessly power small devices makes them ideal for:

Wearable Electronics: Smartwatches, fitness bands, and health-monitoring devices
can be powered or recharged wirelessly, enhancing convenience and reducing the
need for frequent manual charging.

Remote Sensor Nodes: Environmental monitoring systems, agricultural IoT sensors,
and industrial automation units can operate for extended periods without battery
replacements.

Implantable Medical Devices: Pacemakers and neural implants benefit from wireless
charging, minimizing surgical interventions for battery changes.

Smart Homes and Cities: Wireless sensors for lighting, traffic monitoring, and
structural health can be powered through ambient RF signals.

Asset Tracking and RFID: Tags and beacons used in logistics and inventory
management can harvest energy from nearby transmitters, enabling passive operation.

Conclusion

RF energy harvesting and wireless power transfer technologies are transforming how we
think about powering electronics in the IoT era. They enable the deployment of devices in
locations where battery maintenance is difficult or impossible. While they currently face

limitations related to energy efficiency and environmental variability, ongoing research in

antenna design, power electronics, and adaptive energy systems promises significant
improvements. In the future, as power densities increase and components become more
energy-efficient, RF energy harvesting may become a mainstream solution for sustainable
power delivery in distributed systems.
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21.Real-Time Operating Systems (RTOS) in IoT
By M Kalpana Devi [23R11A0476]
Introduction

Real-Time Operating Systems (RTOS) are essential for IoT devices that need to respond
quickly and reliably to real-world events. Unlike general-purpose operating systems, RTOSes
are built to guarantee precise timing and execution of tasks. This makes them ideal for
applications such as industrial monitoring, smart home automation, wearable devices, and
autonomous vehicles. The primary goal of an RTOS is to ensure that the system can meet
strict timing deadlines and deliver consistent performance, even under resource constraints.

RTOS works by managing tasks and system resources in a way that high-priority operations
are always executed on time. These systems use deterministic scheduling to control how and
when different tasks run. The lightweight nature of most RTOS platforms also helps
developers optimize battery usage, memory, and processor cycles — all of which are critical
for embedded and IoT systems.

RTOS platforms provide a set of built-in tools that help streamline development. These
include real-time clocks, timers, task schedulers, communication mechanisms like message
queues or semaphores, and interrupt handling systems. Their ability to minimize latency and
enable multitasking is why they are widely used in environments where every millisecond
counts.

Main Content

RTOS brings structure and precision to embedded systems. Key features include:

» Task Scheduling: RTOSes use priority-based or round-robin scheduling. Preemptive
scheduling allows higher-priority tasks to interrupt lower-priority ones.

* Multitasking: RTOS supports running multiple tasks simultaneously with minimal delay.
This is especially important in IoT, where sensors, actuators, and communication modules
must operate in parallel.

* Inter-Process Communication: Tools like semaphores, mailboxes, and message queues
allow tasks to communicate and synchronize safely.

* Memory Management: RTOSes are designed to use limited memory efficiently, preventing
fragmentation and system crashes.

* Low Power Modes: Many RTOS platforms support sleep and deep-sleep modes, which are
vital for extending battery life in portable IoT devices.
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» Fast Boot Times: Most RTOS systems boot up almost instantly, which is useful for
mission-critical applications.

Popular RTOS platforms include:

* FreeRTOS — An open-source platform used widely in microcontroller-based devices.

* Zephyr — Lightweight, scalable, and designed for resource-constrained systems.

* RIOT OS — Optimized for energy efficiency and full-stack IoT networking.

* ThreadX (now Azure RTOS) — Known for performance, reliability, and ease of integration.
Applications

Real-Time Operating Systems are deployed across a wide range of IoT domains:

» Smart Homes: Devices such as smart switches, door locks, and climate control systems use
RTOS to manage input from multiple sensors and user commands in real-time.

* Industrial Automation: RTOS enables real-time control in programmable logic controllers
(PLCs), robotic arms, and conveyor systems where timing is critical.

* Healthcare: Wearables and monitoring devices depend on RTOS for continuous tracking of
vital signs with low latency and high reliability.

» Automotive: Advanced driver-assistance systems (ADAS), infotainment, and safety systems
require the deterministic behavior that RTOS provides.

* Agriculture: RTOS helps in monitoring and automating irrigation, soil quality analysis, and
greenhouse environments.

* Drones and Robotics: Navigation, obstacle detection, and control loops in real-time require
an OS that can manage concurrent tasks seamlessly.

Conclusion

RTOS plays a vital role in ensuring the reliability, efficiency, and precision of IoT systems. Its
ability to handle multiple operations with real-time deadlines makes it indispensable in
embedded development. With the growing demand for smart, connected systems, RTOS
continues to evolve, offering powerful capabilities to developers while maintaining simplicity
and minimal resource usage.
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22.Millimeter-Wave Technology in Modern Communication
Systems

P.Krishna Chaitanya [23R11A0484]
Introduction

Millimeter-wave (mmWave) technology is becoming one of the most critical innovations in
the realm of wireless communication. It refers to the use of electromagnetic spectrum in the
frequency range between 30 GHz and 300 GHz, where the corresponding wavelengths lie
between 1 millimeter and 10 millimeters. These frequency bands were once considered
impractical for mainstream communication, mainly due to hardware limitations and signal
degradation challenges. However, with the advancement of semiconductor technology, signal
processing algorithms, and antenna design, mmWave is now at the forefront of modern
wireless systems.

The growing demand for faster data speeds, reduced latency, and higher device density in
areas like 5G, autonomous vehicles, augmented reality, and smart cities has made mmWave
an attractive choice. It provides vast amounts of bandwidth, significantly increasing the
capacity and speed of wireless networks.

What Makes mmWave Unique

Millimeter waves behave differently from lower-frequency signals. Due to their shorter
wavelengths, these waves allow the use of highly directional antennas, which can focus the
beam and minimize interference. This property is crucial in densely populated areas where
numerous devices compete for bandwidth. At the same time, the high frequency allows for
much higher data transmission rates, making it suitable for real-time applications such as
remote surgery, industrial automation, and ultra-HD video streaming.

However, mmWave signals face considerable propagation challenges. They cannot easily
penetrate walls, buildings, or even dense foliage. Rain and atmospheric absorption also affect
their range and quality. To overcome this, mmWave networks often rely on multiple small
cells placed strategically within urban or indoor environments.

Advantages of Millimeter-Wave Communication

Despite the challenges, mmWave brings several technical advantages that are reshaping
wireless design strategies:

e Vast bandwidth availability that supports extremely high data rates.

e Smaller antenna arrays due to short wavelengths, enabling compact device design.
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e Highly directional transmission, reducing interference and improving signal quality.

e Lower latency suitable for time-sensitive applications like vehicle-to-vehicle
communication or AR/VR systems.

These advantages make mmWave an ideal candidate for future communication needs where
traditional radio frequencies fall short in capacity and performance.

Applications in Modern Systems

One of the most prominent use cases of mmWave technology is in 5G mobile communication
systems. mmWave bands are a key part of the 5G spectrum strategy, enabling network
operators to offer gigabit speeds and low-latency connections in high-density areas like
stadiums, airports, and smart cities. In combination with lower bands for broader coverage,
mmWave enhances the overall performance of 5G networks.

In autonomous driving, mmWave radars are used for precise object detection, lane tracking,
and collision avoidance. These radars operate effectively in different weather conditions,
giving vehicles an edge in safety and reliability. Furthermore, their ability to distinguish
between moving and stationary objects adds an additional layer of intelligence to onboard
systems.

Industrial automation is another area where mmWave is showing significant promise.
Factories deploying mmWave-based wireless networks can benefit from high-speed
machine-to-machine communication, real-time monitoring, and flexible manufacturing lines
without the constraints of physical wiring. This wireless backbone plays a key role in
Industry 4.0 initiatives.

In wireless backhaul and front haul systems, mmWave is being used to link base stations and
access points in areas where fiber optics are not feasible. Its ability to transmit massive
volumes of data over short distances helps maintain the growing traffic demands of mobile
users.

Medical imaging and security screening systems also benefit from mmWave. High-frequency
waves offer detailed imaging resolution, which is useful in detecting skin cancer, screening at
airports, and creating next-gen body scanners.

Challenges in Implementation

While mmWave offers high potential, practical deployment is not without hurdles. The
primary limitation is its short range and poor ability to penetrate obstacles. To mitigate this,
network architects use a technique called beamforming, where the signal is directed precisely
toward the receiving device. This enhances coverage and minimizes interference, but it also
adds complexity to the system.
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Another issue is thermal management. Devices operating in mmWave frequencies tend to
consume more power and generate additional heat, which affects the longevity and stability
of consumer electronics. Efficient circuit design and new cooling techniques are being
explored to address these issues.

There’s also the question of cost. The infrastructure required for mmWave networks,
including dense placement of small cells and specialized components, increases initial
deployment expenses. However, as technology matures and production scales up, these costs
are expected to decrease.

Research and Innovation in mmWave

Universities and research labs around the world are actively working on improving mmWave
technologies. Innovations in materials such as Gallium Nitride (GaN) and Silicon Germanium
(SiGe) are enabling better power efficiency and signal processing. Additionally, Al-based
dynamic beamforming and intelligent network adaptation are being developed to optimize
mmWave communication in real-time based on user behavior and environmental changes.

Efforts are also being made to integrate mmWave with terahertz (THz) communication,
which goes even further up the frequency spectrum. This could potentially open up more
bandwidth and data rates that support future technologies like holographic displays and
quantum internet systems.

Future Prospects

As we look ahead, mmWave is poised to become a foundational technology in the next
generation of wireless communication systems. Beyond 5G, the development of 6G networks
will likely rely even more heavily on mmWave and possibly THz bands to deliver
ultra-reliable, ultra-low-latency, and ultra-high-speed services.

Consumer electronics such as smartphones, AR glasses, and wearable devices will
increasingly incorporate mmWave antennas and transceivers. With the Internet of Everything
on the horizon, billions of devices will require fast and seamless connectivity, and mmWave
is one of the few technologies capable of meeting such demand.

One of the most prominent use cases of mmWave (millimeter wave) technology is in 5G
mobile communication systems. mmWave bands—typically ranging from 24 GHz to 100
GHz—form a critical part of the 5G spectrum strategy. These high-frequency bands allow for
extremely fast data transfer rates and very low latency. In practical terms, this means users
can experience download speeds in the gigabit-per-second range, making it ideal for
high-demand applications like ultra-HD video streaming, virtual reality, and cloud gaming.
mmWave is especially useful in high-density environments such as stadiums, airports, concert
venues, urban downtowns, and smart city zones, where large numbers of devices are
connected simultaneously. When combined with mid-band and low-band frequencies, which
offer wider coverage, mmWave helps create a more complete and efficient 5G network.
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In the field of autonomous driving, mmWave plays a vital role in enabling safer and more
reliable vehicle systems. mmWave radars are used to detect nearby objects with high
accuracy, even in poor weather conditions like rain, fog, or snow, where optical sensors like
cameras and LiDAR may struggle. These radars support features such as adaptive cruise
control, lane-change assistance, blind-spot detection, and automatic emergency braking.
What makes mmWave particularly valuable in this context is its ability to differentiate
between moving and stationary objects. This allows the vehicle’s system to make better
decisions in real time, which is essential for ensuring passenger safety and improving
navigation in complex driving environments.

Industrial automation is another major area where mmWave technology is making an
impact. As factories and manufacturing plants become more digitized under the Industry 4.0
movement, the need for fast, reliable, and flexible communication systems has grown.
mmWave-based wireless networks can support high-speed machine-to-machine (M2M)
communication, enabling robots, sensors, and production systems to exchange data with
minimal delay. These networks reduce the need for physical wiring, making it easier to
reconfigure production lines and optimize workflows. In addition, real-time monitoring of
machinery performance and product quality becomes more effective with mmWave’s high
data capacity and fast transmission speed, ultimately leading to increased productivity and
lower operational costs.

In the area of telecommunication infrastructure, mmWave is being widely used in wireless
backhaul and fronthaul systems. These systems are essential for connecting cell towers,
small cells, and data centers—especially in urban areas or remote regions where laying fiber
optic cables is either too expensive or impractical. mmWave links can support very high
bandwidth over short distances, making them ideal for transmitting large volumes of data
from access points to the core network. This is particularly important as mobile data traffic
continues to grow rapidly due to streaming services, IoT devices, and cloud computing.
mmWave helps maintain the speed and reliability of the mobile network, ensuring users get a
seamless experience.

Beyond communications and transportation, mmWave technology is also being applied in
medical imaging and security screening systems. Due to their short wavelengths, mmWave
signals can capture high-resolution images of the human body or objects under clothing
without the use of harmful ionizing radiation. In healthcare, mmWave imaging systems are
being explored for their potential to detect skin conditions such as melanoma and monitor
physiological signs like heart rate or breathing through clothes. In security, mmWave is
already used in airport body scanners and other screening technologies that need to detect
concealed objects quickly and safely. These systems are non-invasive and pose no health
risks, making them suitable for public use.
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Looking ahead, the future of mmWave technology appears highly promising across multiple
sectors. As demand for high-speed wireless communication continues to grow, mmWave will
be a key enabler of next-generation systems beyond 5G—namely 6G. While 5G has already
begun transforming industries, 6G is expected to push the limits even further with
applications such as holographic communication, real-time digital twins, and Al-driven
automation. mmWave frequencies, with their high bandwidth capacity, will be essential to
support the extreme data rates and ultra-low latency required for these advanced use cases.

In urban infrastructure, mmWave is expected to power more connected and responsive smart
cities. High-frequency communication links will support real-time traffic management, public
safety systems, energy-efficient buildings, and mass IoT deployments. These smart systems
will rely on mmWave networks to handle large volumes of sensor data and deliver immediate
feedback to users and administrators.

For the automotive industry, the future will likely see deeper integration of mmWave
technology in Vehicle-to-Everything (V2X) communication. This includes vehicles
communicating not only with each other but also with traffic lights, road sensors, and
pedestrians' mobile devices. mmWave will help make this ecosystem faster and more reliable,
laying the groundwork for fully autonomous and connected transportation systems.

In healthcare, researchers are exploring new ways to use mmWave for non-invasive
diagnostics, wireless monitoring of vital signs, and even contactless health screenings in
public areas. With further development, mmWave could be part of portable medical devices
that provide real-time insights, particularly useful in remote or underserved areas.

The space and satellite communication sector is also beginning to adopt mmWave for
low-earth orbit (LEO) satellite networks. These networks aim to deliver high-speed internet
to rural or hard-to-reach regions. mmWave can help enable high-throughput connections
between satellites and ground stations, contributing to a more connected global population.

However, despite its advantages, mmWave also faces challenges such as limited range,
sensitivity to obstacles, and signal attenuation due to rain or buildings. Future innovations in
beamforming, network densification, and intelligent reflecting surfaces (IRS) are expected to
address these limitations, making mmWave even more practical and reliable.

Conclusion

Millimeter-wave technology represents a bold leap forward in wireless communication.
Despite the technical hurdles, it unlocks new possibilities in speed, efficiency, and application
diversity. From 5G and autonomous vehicles to medical diagnostics and smart factories,
mmWave is transforming how machines and humans interact with data. Its real power lies in
its potential to serve as the wireless backbone of an increasingly digital and connected world.
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