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Maharaja Agrasen Institute of Technology

(Department of Electronics and Communication Engineering)

VISION

To excel in technical education, research, and development across
diverse domains of Electronics and Communication Engineering
developing entrepreneurs and ethical technocrats.

MISSION

M1: To provide advanced education in Electronics and
Communication Engineering, inspiring lifelong learning and
academic growth.

M2: To collaborate with industry to develop skilled professionals
with ethical and social values.

M3: To enrich teaching by blending traditional methods with
evolving digital resources while promoting research, innovation
and entrepreneurship.

M4: To encourage feamwork and engage stakeholders in fostering
overall development.
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Maharaja Agrasen Institute of Technology

(Department of Electronics and Communication Engineering)

PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

PEO1. Graduates will excel in industry, technical professions,
higher education and research.

PEO2. Graduates will analyze real life problems and design
feasible, socially acceptable systems.

PEO3. Graduates will embrace lifelong learning, ethics and
leadership to resolve global challenges.

PEO4. Graduates will develop teamwork, entrepreneurship and
a multidisciplinary outlook.

PROGRAM SPECIFIC OUTCOMES (PSOs)

PSO1: Apply Electronics & Communication knowledge to excel in
research, industry and entrepreneurship.

PSO2: Innovate and solve complex problems using advanced
semiconductor, communication, IoT, embedded and signal
processing technologies.

PSO3: Utilize electronics hardware and software tools to
address societal challenges.
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Maharaja Agrasen Institute of Technology

(Department of Electronics and Communication Engineering)

Message from the Head of the Department

L2 ]
b 3
l:

It gives me immense pleasure to present the 2023-24 edition of TECHVOLVE, the
annual technical magazine of the Department of Electronics and Communication
Engineering. This magazine is more than just a compilation of articles; it is a
reflection of our students’ creativity, curiosity, and commitment to technological
excellence. Over the years, TECHVOLVE has evolved into a vibrant platform for
showcasing innovations, research insights, and thought-provoking discussions in
the rapidly advancing field of electronics and communication. This academic year
has been remarkable for the department. Our students have excelled in national and
international competitions, contributed to impactful research projects, and actively
participated in workshops, seminars, and technical fests. The faculty has continued
to nurture an environment that promotes interdisciplinary learning, industry
collaboration, and hands-on exposure to emerging technologies such as 5G, loT,
VLSI, artificial intelligence, and nanotechnology. These efforts align with our
vision to prepare graduates who are not only technically competent but also
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socially responsible innovators. The theme of TECHVOLVE this year captures the
dynamic spirit of the ECE community, where theory meets practice, and
innovation meets implementation. | congratulate the editorial team, contributors,
and all those who have worked tirelessly to bring this edition to life. Your
dedication has ensured that TECHVOLVE continues to inspire and inform its

readers.

As we move forward, | encourage all students to embrace lifelong learning, think
beyond conventional boundaries, and contribute meaningfully to society through
technology. May TECHVOLVE 2023-24 ignite fresh ideas, foster collaborations,
and serve as a testament to the ingenuity of our department.

Best wishes to all,
Dr. Sunil Kumar
Head of Department, ECE
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Machine Learning Applications in Modern

Communication Systems

Dr. Umesh Chandra Singh Assistant Professor, Department of Electronics and Communication
Engineering, Student: MRIDUL SHARMA(35514802822), PREET YADAV(15114802822) and
ATUL SAHARAN(13514802822)

Abstract:The integration of Machine Learning (ML) in communication systems
has transformed traditional approaches to data transmission, network optimization,
and signal processing. With the emergence of 5G, the Internet of Things (loT), and
the need for ultra-reliable low-latency communications, ML provides intelligent
solutions to complex, dynamic problems. This paper provides an overview of ML
techniques such as supervised, unsupervised, and reinforcement learning and their
applications in communication systems including channel estimation, modulation
recognition, network optimization, and fault detection. It also discusses real-world

implementations, the benefits of ML integration, and current challenges.

1. Introduction

Communication systems form the foundation of modern digital infrastructure,
facilitating high-speed, secure, and reliable data transmission. However, the
traditional rule-based systems are increasingly inadequate in handling the scale and
complexity of current networks. Machine Learning, a subfield of Artificial
Intelligence, offers powerful tools that enable communication systems to learn
from data, adapt to new scenarios, and make decisions autonomously [1]. The
dynamic nature of wireless environments, increased number of connected devices,
and stringent Quality of Service (QoS) requirements necessitate such adaptive
approaches. This paper explores the role of ML in communication systems,
emphasizing its contributions to wireless networks, signal classification, channel

prediction, and beyond.

2. Overview of Machine Learning Techniques
2.1 Supervised Learning Supervised learning involves training a model on
labeled data. In communications, it is used for channel estimation, modulation

classification, and signal demodulation [2]. Algorithms include:

1
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e Support Vector Machines (SVM)
o Decision Trees
e Convolutional Neural Networks (CNN)
2.2 Unsupervised Learning Unsupervised learning is used when labels are
unavailable. It is employed for anomaly detection, traffic classification, and
clustering [3]. Algorithms include:
e K-means clustering
« Principal Component Analysis (PCA)
o Autoencoders
2.3 Reinforcement Learning (RL) RL is used when the model learns via
interactions with the environment. Applications include dynamic spectrum access
and power control [4]. Algorithms include:
e Q-Learning
o Deep Q Networks (DQN)
« Policy Gradient Methods
3. Applications in Communication Systems
3.1 Channel Estimation and Equalization Channel estimation is vital in wireless
systems to accurately decode signals. Traditional estimators struggle with
nonlinear, dynamic channels. DNNs and CNNs have been shown to outperform
traditional methods in OFDM systems [5].
3.2 Modulation Classification Accurate identification of modulation schemes is
essential for adaptive demodulation. CNNs trained on raw 1/Q samples have
demonstrated high classification accuracy even under low SNR conditions [6].
3.3 Resource Allocation in 5G/6G Resource allocation, such as power control and
spectrum sharing, can be optimized using RL. These models adapt to user behavior
and network load to improve throughput and reduce latency [7].
2
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3.4 Traffic Prediction Traffic prediction supports load balancing and congestion
control. LSTM-based neural networks are effective in predicting network traffic
patterns over time [8].

3.5 Error Correction and Decoding Neural decoders trained on noisy datasets
learn to correct errors in a more flexible way compared to traditional LDPC and
Turbo codes [9].
3.6 Cognitive Radio Networks In Cognitive Radio, ML helps in spectrum
sensing, predicting primary user behavior, and dynamic access [10]. RL-based
models enable optimal channel selection in real time.
4. Case Study: ML in Cognitive Radio
Cognitive Radio (CR) dynamically accesses unused spectrum to improve
utilization. ML enhances CR by:
« Detecting available channels using classifiers
o Learning user activity patterns
e Making intelligent decisions for transmission [10][11]
5. Benefits of ML in Communication Systems
o Adaptability: Models can adjust to new environments without
reprogramming.
o Scalability: Efficient in handling large-scale data in real time.
e Accuracy: Improved estimation and prediction under noisy conditions.
e Optimization: Real-time optimization of routing, power, and bandwidth
allocation.
6. Challenges and Limitations
Despite its promise, ML integration faces obstacles:
« Data Requirements: Labeled data is often scarce.
o Computational Costs: Training deep models is resource-intensive.
o Security and Robustness: ML models are vulnerable to adversarial
attacks.
3
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o Interpretability: Black-box nature limits trust and deployment in critical
systems [12].
7. Future Directions
Future research will focus on:
o Federated Learning: Privacy-preserving training across devices.
o Edge Al: ML processing closer to the data source.
« Explainable Al: Making decisions transparent.
e Integration into 6G: Native support for intelligent networking.
8. Conclusion
Machine Learning offers transformative solutions to long-standing challenges in
communication systems. From signal classification to intelligent network
management, ML enables adaptability, efficiency, and predictive capabilities. As
communication networks evolve toward 6G and beyond, the synergy between ML
and communication technologies will be central to innovation.
References
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Overview of Electric Vehicle Charging Pricing Schemes

Ajay Kumar Gupta, Assistant Professor, Electronics and Communication Engineering.
Stuidents: Bhavya Jain (10014802819), Priyanshu Gupta (13314802819), and Ritika
Maheshwari(14314802819)

Introduction

The rapid adoption of electric vehicles (EVs) is driven by advancements in battery
technology and environmental concerns. However, the expansion of EVs is
constrained by the availability and pricing of charging infrastructure. A robust,
competitive pricing scheme for EV charging is essential to incentivize both
consumers and service providers, ensuring efficient market operation and

infrastructure growth [1].

Market Structure and Pricing Dynamics

Competitive Market Scenario

The EV charging market is characterized by multiple charging service providers
(CSPs) operating static charging stations (EVCSs) at fixed locations. These
providers compete to maximize their profits by attracting EV owners, who are
considered rational and selfish agents seeking to minimize their total charging

costs. The market is dynamic, with prices updated periodically based on expected

demand and operational parameters [2].

Key Pricing Influencers

The comprehensive pricing model for EV charging incorporates several factors:
e EV Traffic Distribution: The spatial distribution of EVs affects demand at

each station.

e Station Location: Proximity to major roads and urban centers influences

station attractiveness.

e Expected Waiting Time: Longer queues reduce a station’s appeal,

impacting pricing power.

e Grid Energy Cost: The wholesale cost of electricity at each station varies

and affects the base price.

6
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e Selfish EV Behavior: EV owners select stations based on a combination of
price, convenience, and waiting time [3].
Game-Theoretic Pricing Model
Noncooperative Game Framework
The interaction among EVCSs is modeled as a noncooperative game, where each
station independently sets its price to maximize profit. The EVs, in turn, select
stations that minimize their total cost, which includes:
e Charging price
e Travel cost to the station
e Waiting cost (time spent in queue) [4]
Hotelling Game Extension
The pricing competition is analyzed using an extended Hotelling game, which
traditionally models spatial competition among firms. In this context, the model is
adapted to:
e Multiple (N) charging stations
e Uniform distribution of EVs along a road segment
e Inclusion of waiting time and travel cost in the EV’s decision-making process
[5]
Nash Equilibrium (NE) Analysis
The equilibrium condition is achieved when no station can unilaterally improve its
profit by changing its price, given the prices of competitors. At NE:
e Each station’s price reflects its location, expected demand, and operational
Ccosts.
e The market shares and profits of all stations stabilize.
e Closed-form expressions for NE prices and profits are derived, allowing
analytical and simulation-based validation [6].
7
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EV Charging Cost Components

The total cost for an EV owner choosing a charging station is:

Ctotal = Pcharge + Ctravel + Cwait

Where:

®  Pcharge- Price per unit energy set by the station

o Caver- Cost associated with traveling to the station (distance-based)

e C,ait: Cost associated with expected waiting time (time-based)

Practical Implications
For Service Providers:
e The model enables CSPs to determine optimal pricing strategies based on
market conditions and competitor actions.

e New entrants can estimate potential profits at different locations before

investing in infrastructuref™l,
For EV Owners:
e The pricing scheme ensures that EV owners have access to competitive

prices, factoring in both monetary and non-monetary costs (time,

convenience).
For Regulators and Planners:
e The analytical framework supports policy decisions regarding infrastructure

placement and market regulation to promote fair competition and efficient

resource allocation.

Conclusion

A comprehensive, game-theoretic pricing scheme for EV charging in a competitive
market ensures efficient allocation of resources, fair pricing for consumers, and

sustainable profits for service providers. By incorporating spatial distribution,

8
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waiting times, and grid costs, the model provides actionable insights for all

stakeholders in the evolving EV ecosystem.
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Understanding Battery Storage Systems: A
Comprehensive Overview
Dr. Rajni, Assistant Professor, Department of Electronics and Communication
Engineering, Students: Sameer Raj (12514802820), Tanishq (14114802820), Sudhanshu
(13814802820), Shriyam Bhatia (13314802820)

Battery storage systems have emerged as a cornerstone of modern energy
infrastructure, enabling efficient energy management and supporting the transition
to renewable energy. This paper provides a detailed overview of battery storage
systems, their types, applications, and challenges.
Introduction to Battery Storage Systems
Battery Energy Storage Systems (BESS) are technologies designed to store
electrical energy for later use. They play a critical role in balancing supply and
demand, particularly in renewable energy systems where generation can be
intermittent. BESS captures surplus electricity during low-demand periods and
releases it during peak demand, enhancing grid stability and efficiency [1-2].
Key applications of BESS include:
e Integration with renewable energy sources like solar and wind.
e Providing ancillary services such as frequency regulation and voltage
support.
e Enabling microgrids and off-grid solutions.
e Supporting electric vehicles (EVs) and portable electronics [4].
Types of Battery Storage Systems
Various battery technologies are used in energy storage systems, each with distinct
characteristics suited to specific applications:
1. Lithium-lon Batteries
e Advantages: High energy density, long cycle life, and declining costs make
lithium-ion batteries the most widely used technology in BESS.
e Applications: EVs, residential storage, and grid-scale projects.
¢ Limitations: Relatively short lifespan compared to flow batteries and safety
concerns related to overheating [5].
10
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2. Lead-Acid Batteries

concerns due to lead content.

Advantages: Low cost and proven reliability over decades of use.

Lithium-lon
Baftteries

Overview of Battery Technologies

N

Flow Batteries ——

Solid-State 2
Batteries

o —

%

Lead-Acid
Batteries

Sodium-Sulfur

Batteries

Fig. 1. Overview of Battery Technologies

3. Flow Batteries

power and energy capacities.

4. Sodium-Sulfur (NaS) Batteries

complexity®l,

5. Solid-State Batteries

to lithium-ion batteries.

Advantages: High energy capacity and long cycle life.

Applications: Grid-scale storage for renewable energy.

Applications: Large-scale grid storage and renewable integration.

Limitations: High upfront cost and large physical footprint[ e,

Applications: Backup power systems and small-scale renewable integration.

Limitations: Low energy density, shorter lifespan, and environmental

Advantages: Long lifespan, scalability, and the ability to independently scale

Limitations: High operating temperature requirements increase system

Advantages: Improved safety and higher potential energy density compared
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e Applications: Emerging technology with potential in EVs and portable
devices.
e Limitations: Still under development with limited commercial availability.
Components of Battery Energy Storage Systems
A typical BESS consists of:
1. Battery Pack: Stores electrical energy.
2. Power Electronics Converters (PECs): Converts DC power from the
battery into AC power for the grid or vice versa.
3. Battery Management System (BMS):
o Ensures safety by preventing overcharging or overheating.
o Optimizes charging/discharging for efficiency.
o Monitors battery health to extend lifespan.
Applications of Battery Storage Systems
1. Grid Stabilization
BESS provides ancillary services such as frequency regulation, voltage support,
and black start capabilities. These functions improve grid reliability by addressing
short-term fluctuations in supply and demand.
2. Renewable Energy Integration
By storing excess energy generated by solar panels or wind turbines, BESS enables
continuous power supply even when generation is low. This reduces reliance on
fossil fuels.
3. Electric Vehicles
BESS powers EVs by storing electricity for propulsion. Advanced battery
technologies like lithium-ion are critical for extending vehicle range.
4. Microgrids
In remote or off-grid areas, BESS supports microgrids by ensuring stable power
supply from renewable sources like solar or wind.
12
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Challenges in Battery Storage Systems

Despite their advantages, BESS faces several challenges:

1. Cost: High initial investment remains a barrier for widespread adoption,
especially for advanced technologies like flow batteries.

2. Safety Concerns: Risks such as thermal runaway in lithium-ion batteries
necessitate robust safety mechanisms.

3. Environmental Impact: Disposal of lead-acid batteries and mining for
lithium pose environmental risks.

4. Efficiency Losses: Round-trip efficiency varies across battery types,
affecting overall system performance.

5. Scalability Issues: Technologies like flow batteries require significant space

due to their design.

Challenges in Battery Energy Storage Systems

Scalability
Issues High Costs
Efficiency ‘—J Safety Concerns
Losses

Environmental
Impact

Fig.2. Challenges in Battery Energy Storage System

Future Directions
The future of BESS lies in addressing these challenges through:

1. Development of advanced materials for higher efficiency and safety (e.g.,

solid-state batteries).
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2. Cost reduction through economies of scale and technological innovation.

3. Recycling initiatives to mitigate environmental impact.

4. Integration with smart grids for optimized operation using artificial
intelligence (Al).

Conclusion

Battery storage systems are transforming how we generate, store, and use
electricity. From supporting renewable energy integration to stabilizing power
grids, they are indispensable in the transition toward sustainable energy systems.
Continued advancements in technology will further enhance their efficiency,
affordability, and environmental compatibility.
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Real-time Disaster Response with LoRa: A Multi-
sensor Approach

Mr. Vaibhav Nijhawan, Assistant Professor, Department of Electronics and
Communication Engineering, Students: Shubhi Agrawal, Pratham Goel, Dhruv

Gupta, Vansh Sudan

. INTRODUCTION

Disaster management and response are significant aspects of ensuring safety and
minimizing harm during emergencies/disasters like earthquakes, floods, fires, etc.
These processes include preparedness, mitigation, response, and recovery to
reduce the impact of disasters on individuals. In the context of the above, the
utilization of the latest available technology plays a pivotal role in improving
communication and coordination among the respondents and the affected. The
LoRaWAN communication [1] network works on two topologies — star topology
and mesh topology. The star topology is a simple form of network arrangement
where a central hub manages the communication and transmission between the
nodes. This setup is highly efficient and reliable. However, if the central hub fails,
then communication taking place in the entire network fails or gets compromised.
In LoRaWAN mesh topology, the nodes form a self-routing network and are
directly connected which allows them to relay information to each other. Mesh
topologies improve coverage and resilience but are high power consuming and
extremely complex.

The foundation of the long-range spread spectrum modulation technique[2]
known as LoRa is chirp spread spectrum (CSS) technology. Since wireless radio
frequency technology (LoRa) is a long-range, low-power wireless platform, LoRa
devices and LoRa technology are the de facto technology for Internet of Things
(10T) [3] networks worldwide. Figure 1 shows the range of LoRa in comparison to
others. The proposed system leverages LoRa technology equipped with sensors
(like accelerometer, temperature & humidity, fire & smoke sensors) and GPS
modules to establish wireless long-distance connections among rescue teams and
disaster zones. The system proposed by us works on star topology as it has a

simplified network which is easier to implement, and it facilitates efficient
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communication paths and minimizes traffic. This topology can sustain low-power
and is comparatively less expensive which is one of our main goals to make it

more suitable for users [4, 8].

A

Wi-Fi BLE
Cellular

Bandwidth

LoRa

Low

v

SHORT RANGE LONG

Fig. 1. Bandwidth vs range
We have proposed a system which detects earthquakes, smoke, fire, and abrupt
changes in temperature and if the parameters are not apt, it then generates a
warning through a buzzer at the nearest rescue team station. In summary, our
LoRa disaster response network offers a robust and user-friendly solution to
enhance disaster preparedness and response, thus contributing to enhancing the

safety of communities facing natural calamities and emergencies.

I1. Literature Review

A study on wide area network technology and LoRa provides in depth analysis of
LoRa, LPWAN protocol for 10T applications on the basis of the impact of three
parameters namely Bandwidth, Code Rate, and Spreading Factor. It compares with
other communication protocols on the basis of cost, range and efficiency. LoRa
signal are resistant to channel noise, doppler effects and fading as the utilize the

entire channel bandwidth.

In Oulu, Finland an experiment was conducted to study how much area can be
covered by LoRa LPWAN. Commercially available equipment used for the
experiment were two nodes, attached to vehicles one on water and one on ground.
This experiment also calculated the path loss. Another such experiment was
conducted by Zhang Yongkang to study the transmission in urban areas where

signals can be attenuated by various objects such as buildings, trees, vehicles and
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clear LOS is not available. Here two LoRa modules were set up as transmitter an
one as a receiver, the test was done in 14 different places to analyse LoRa’s

performance.[2-3]

The paper by Devalal et.al. [4-6] presents features and advantages of LoRa over
the existing technologies such as Wi-fi, Zig-Bee, Bluetooth and LAN which are
used at a massive scale, addressing the need of an embedded device that can
beoperated through a battery. LoRa’s network architecture elements, end services,
gateway, network server application server and its communication protocol are
also discussed along with its use in home automation systems when compared

with existing technologies.

Compares leading LPWAN technology [7, 16] - Narrowband 10T and Long
Range techniques on the basis of technical parameters , mac protocols, QOS, cost,
capacity, range reliability, their application scenarios and current status in
countries like Japan, China and South Korea. The foundation of LoRa is described
as a sinusoidal signal with increasing and decreasing frequency, utilizing
orthogonal spreading factors, this transmission technique makes it suitable for
long range transmission with a low data rate. The research provides the spreading
factor which governs LoRa transmission by using multiple LoRa modules along
with Node MCU that serves as transmitter and receiver to calculate the delay in
the packet transferred [8-10]. It also describes the properties of LoRa modulation,
wireless topology, its propagation mechanisms Network coexistence, interference,

range, robustness when compared against fsk signals.

The Kibria report is focused on creating a system that could monitor earthquakes
or fire remotely. The system is based on Microcontroller ATmega328p along with
ESP8266 module along with some other sensors such as mems accelerometer
using a wireless transmission [11-14]. The report also compares it with existing

work.

S. Kim with his friends developed a device using an accelerometer to detect and
monitor seismic activity and provide response services. The models aim to
improve previous earthquake detection models by reaching an accuracy from 94%
to 97% and implementing an evacuation guidance system to nearby shelters using
GPS technology [15]. Machine learning models like Artificial Neural Network
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with three inputs and five inputs, and Convolution Recurrent Neural Network

were studied to detect real time earthquakes and provide evacuation routes.

« MODEL

This section contains the block diagram, a circuit diagram which will give a brief
explanation of the connections, a schematic diagram and flowchart which will

show the steps and working of the proposed model.

A) Block Diagram
This system as described in figure 2 comprises a master node and two slave nodes.
The master node is interfaced with a Node MCU ESP 8266 and is also equipped
with a LoRa module. Similarly, one slave node features the Arduino Mega 2560
and second one with Arduino Uno R3 microcontrollers which are further
interfaced with ADXL 335 accelerometer, DHT 22 temperature and humidity
sensor, and a GPS Neo 6M module and flame sensor. This configuration of the
proposed model enables communication between the master device and slave
devices. The master node serves the purpose of the central hub and is responsible
for initiation, coordination, and communication with the slave nodes as well as the
concerned authorities. Using the long-range communication capabilities of the
LoRa technology, the master ensures safe and reliable connections with the slave
nodes, enabling data exchange and commands. The slave nodes are equipped with
sensor modules for environment monitoring and location tracking. The
accelerometer provides insightful data for any external stimuli in the form of
vibrations, detecting calamities such as earthquakes using an accelerometer.
Meanwhile the DHT22 sensor keeps track of the temperature and humidity
conditions. Additionally, the NEO-6M GPS module facilitates location data
acquisition by combining this wireless communication system equipped with
sensors and expanding it to a larger scale, we can provide robust solutions for
remote data monitoring and immediate actions in cases of any mishaps.
Furthermore, the data communication ensures seamless data exchange between
the master and the slave nodes, resulting in efficient monitoring of environmental
conditions and location tracking in certain scenarios requiring instantaneous

action.
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Fig. 2. Block Diagram for Proposed Model
B) Comparison with other existing technologies
Table 1 Comparison between different technologies available
Bluetooth ZigBee Wi-Fi LoRa
Maximum 7 active slave devices, Upto Numerous | Thousands
Devices thousands in BLE 65000 (varies)
nodes
Peak current 30mA 30mA 100mA 1.6mA
Consumption
Range 100m 100mand |100mto 10000m
extendable [300m
Data rate 1mbps Upto [2.4Gbps(8 300kbps
250kbps  [02.11ax)
Cost Low Low Moderate low
Comparison to high
Techniques FHSS DSSS OFDM CSS
used for
transmission
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Flow of proposed model

Fig. 3. Flow of the Project

I1.  RESULT

This prototype aims to setup wireless connection using the LoRa module which is
functioning on LoRaWAN protocol which would be helpful in faster disaster
response. This prototype was tested by creating earthquake-like conditions and
was tested by taking four cases. In the first, as shown in figure 15, the setup is
ideal and slave is sending all the reading as normal to the master, consecutively we
move towards next case, we provide some vibrations to the setup to introduce
earthquake like conditions which is detected by slave node and an alert is sent to
master node, as we move further to test our prototype, we introduce some flame
which simulates fire and alert is generated, for the last test case both these
conditions were introduced master generates the alert successfully, simultaneously
the rest parameter like temperature & humidity were also captured such that we
could access the situation from observed values and coordinated of that affected
nodes are sent by using GPS. Throughout all test cases described above, few other
parameters such as temperature and humidity were monitored and recorded
consistently. Additionally, the use of GPS enabled the transmission of the
coordinates of the affected nodes which provided location that is crucial in aiding
disaster response efforts. The successful integration of the data received ensures
that responders have comprehensive situational awareness therefore enabling

more efficient efforts in disaster-stricken areas.
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Fig. 4. Case 1: Earthquake detected; Flame not detected
Fig. 5. Case 2: Earthquake not detected; Flame detected
Fig. 6. Case 4: Earthquake detected; Flame detected
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IV. CONCLUSION & FUTURE SCOPE

Our aim was to design and develop a quick disaster response network based on
LoRa technology, minimizing further damage caused by natural disasters. We
tested our proposed model against various cases for the earthquake and its related
fire giving results which were satisfactory. Timely and early detection of such
disasters is critical in saving numerous lives. The integration of the LoRa module
for detection of disasters and to help authorities in a quick response is a
commendable initiative. However, to enhance the model's effectiveness and
prospects, several considerations and potential improvements can be explored.
Leveraging the power of the LoRa technology to establish a wireless
communication setup to efficiently communicate sensor data over long distances
quickly, multiple slaves are equipped with sensors to observe and report any
inconsistencies or major changes in the environmental conditions. The novelty lies
in the simultaneous monitoring of multiple variables offering a real-time
situational awareness during a disaster. LoRa technology effectively provided
low-power consumption and long-range communication which is suitable for
areas with compromised network and power infrastructure. Predefined thresholds
and environmental parameters help further automate the alerting process and
minimize human intervention. The utilization of the GPS module plays a
crucial role in providing the accurate location of a disaster event, which is

essential for effectively dispatching help.

1. Greater Coverage area: LoRa’s effective range is 10 km. A far better
coverage can be obtained through enhancements in this technology,
especially in non-line of Sight scenarios. Deploying a greater number of
nodes in the LoRa network to increase its effective coverage area can be
achieved through enhancements in LoRa technology.

2. Integration with 10T Sensors: Integration of LoRa devices with other
IOT sensors such as fire sensors, water sensors to manage and provide
quick response to other type of disasters such as floods, fire, etc. The
integration with other 10T sensors will lead in developing a more

comprehensive disaster alert system.
22
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Faster Response Times: Further advancement in LoRaWAN protocol
and the topology it uses can lead to a faster and more reliable
communication between nodes, ensuring timely alerts and responses
during emergencies.

Integration with Al and Machine Learning: Al and machine learning
algorithms can be incorporated to enhance the system by predicting and
providing people with a safe and quick route to evacuate, further it could
anticipate disasters based on data patterns and issue alerts preemptively.
Localization and Mapping: By Integration of LoRa with localization and
mapping technologies, location-based alerts can be obtained which would
help responders to locate and assist affected areas more effectively.
Resilience and Redundancy: A more robust system with redundancy and
resilience features can ensure continuous operation even in network

disruptions or infrastructure damage caused by disasters.
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Mobile Computing: Architectures, Trends, and Future

Research Directions
Dr. Umesh Chandra Singh, Assistant Professor Department of Electronics and

Communication Engineering

Abstract

Mobile computing has revolutionized the way individuals and organizations access
and process information by enabling wireless, portable, and always-connected
systems. This paper presents a comprehensive study of mobile computing,
covering its paradigms, architectural design, applications, challenges, and
emerging trends. Through a detailed literature review, we analyze the evolution of
mobile systems, the integration of cloud and edge technologies, and opportunities
for artificial intelligence integration. The paper concludes with an outlook on
future research directions to enhance performance, security, and sustainability.

Keywords
Mobile Computing, Cloud Computing, Edge Computing, 5G, Atrtificial

Intelligence, Internet of Things

I. INTRODUCTION

The proliferation of mobile devices has driven a paradigm shift in computing,
where users expect ubiquitous access to services and information regardless of
location or device. Mobile computing merges wireless communication, portable
hardware, and advanced software to create seamless user experiences. With
advances in network technologies such as 5G, combined with cloud and edge
computing, mobile systems are now capable of executing tasks previously limited
to desktop environments. This section outlines the scope of mobile computing and

its impact on industries ranging from healthcare to entertainment.

Il. LITERATURE REVIEW
Early mobile computing research focused on overcoming hardware limitations and

ensuring connectivity in varying environments (Satyanarayanan, 1996). Over time,
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the emphasis shifted to optimizing energy consumption, improving data security,
and integrating context-aware applications. Dinh et al. (2013) surveyed mobile
cloud computing architectures, highlighting the benefits of offloading computation
to cloud infrastructure. More recent studies by Shi et al. (2016) and Mach &
Becvar (2017) addressed the emergence of edge computing, emphasizing reduced
latency and bandwidth efficiency. These contributions form the foundation for
current innovations, including Al-enabled mobile applications and multi-access

edge computing (MEC).

I11. MOBILE COMPUTING PARADIGMS

Mobile computing operates across several paradigms:

1) Mobile Cloud Computing (MCC): MCC integrates mobile devices with scalable
cloud resources, enabling rich applications without being limited by device

hardware.

2) Edge Computing: Moves computation closer to the user, improving response

times for latency-sensitive applications.

3) Multi-access Edge Computing (MEC): Extends edge computing to telecom
infrastructure, enabling processing at base stations.

4) Al at the Edg: Embedding Al models in mobile devices for real-time inference

without cloud dependency.

IV. ARCHITECTURE AND COMPONENTS
e A mobile computing system typically consists of:
e Hardware: Mobile devices, sensors, and IoT components.
e Software: Operating systems, mobile applications, middleware.

e Communication: Cellular networks (4G/5G), Wi-Fi, Bluetooth.

27
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Supporting layers such as cloud and edge infrastructure provide computation
offloading, storage, and analytics services.

V. APPLICATIONS
Mobile computing applications span multiple domains:
1) Healthcare: Remote patient monitoring, telemedicine, Al-based diagnostics.
2) Smart Cities: loT-enabled traffic control, energy management, surveillance.
3) Industry 4.0: Real-time machine monitoring, predictive maintenance.
4) Augmented/Virtual Reality: Immersive experiences in education, gaming, and
design.
5) Finance: Mobile banking, digital wallets, blockchain-based transactions.
VI. CHALLENGES
e Despite its potential, mobile computing faces challenges:
e Security & Privacy: Data breaches, insecure networks, and malware.
e Energy Efficiency: Limited battery life and the need for optimized
processing.
e Interoperability: Device, OS, and network compatibility issues.
e Scalability: Managing increasing device connections and data volumes.
VIl. FUTURE RESEARCH DIRECTIONS
Future research will focus on:
e Integration of 6G and terahertz communication for ultra-fast mobile
networks.
e Advanced Al models optimized for mobile devices.
e Green computing practices for sustainable energy consumption.
e Enhanced security frameworks leveraging blockchain and federated
learning.
28
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VI1Il. CONCLUSION

Mobile computing is entering a new era defined by intelligent, sustainable, and

highly connected systems. By leveraging cloud, edge, and Al capabilities, mobile

computing will enable transformative applications across industries. Addressing

security, energy, and scalability challenges will be critical to realizing its full

potential.
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Internet of Things (1oT) Applications in Automation:
Architectures, Use Cases, and Future Directions

Mr. Praveen Kumar, Associate Professor Department of Electronics and
Communication Engineering, MAIT.

Abstract

The Internet of Things (1oT) has emerged as a transformative paradigm enabling
interconnected devices to autonomously collect, process, and exchange data. In
automation, loT enables real-time monitoring, intelligent decision-making, and
optimized control across various sectors, including industry, healthcare, griculture,
and transportation. This paper presents a comprehensive overview of loT
applications in automation, examining system architectures, major use cases,
benefits, and challenges. Furthermore, it explores future research directions to
enhance scalability, security, and integration with emerging technologies such as

artificial intelligence and blockchain.

Keywords
Internet of Things, Automation, Industrial 10T, Smart Systems, AloT, Edge
Computing

I. INTRODUCTION

The Internet of Things (loT) refers to a network of physical devices embedded
with sensors, software, and connectivity capabilities to exchange data with other
devices and systems over the internet. Automation powered by loT offers
autonomous control, adaptive decision-making, and real-time response, which are
vital in sectors such as manufacturing, smart cities, healthcare, and logistics. The
synergy between loT and automation enhances efficiency, reduces human error,

and enables predictive maintenance.
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Il. LITERATURE REVIEW

Past research in loT-based automation has focused on enabling device
interoperability, improving communication standards, and integrating cloud
computing. Studies by Gubbi et al. (2013) and Zanella et al. (2014) highlighted 10T
architectures and their applications in smart environments. Industrial 10T (Il1oT)
research, as discussed by Lee et al. (2015), emphasized predictive analytics and
machine-to-machine (M2M) communication for process optimization. Recent
works have shifted towards Al-powered 10T (AloT) and blockchain-enabled secure

automation.

I11. 10T ARCHITECTURE FOR AUTOMATION

An loT-based automation system typically consists of:
Perception Layer: Sensors and actuators for data acquisition and physical
interaction.

Network Layer: Communication protocols such as Wi-Fi, Zigbee, LoORaWAN, and
5G.

Edge/Processing Layer: Edge computing for local processing and reduced latency.
Application Layer: Interfaces and platforms enabling automation logic and user

interaction.

IV. APPLICATIONS

1) Industrial Automation: IoT enables smart factories, predictive maintenance, and
real-time production monitoring.
2) Home Automation: Smart lighting, HVAC control, and energy management
systems.

3) Smart Agriculture: Automated irrigation, soil monitoring, and crop health
analysis.

4) Healthcare Automation: Remote patient monitoring, automated drug delivery,
and smart hospital systems.
5) Smart Transportation: Connected traffic systems, autonomous vehicles, and fleet

management.
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V. BENEFITS AND CHALLENGES

Benefits: Enhanced operational efficiency, cost savings, improved safety, and data-
driven decision-making.
Challenges: Security vulnerabilities, interoperability issues, data privacy concerns,

and scalability limitations.

VI. FUTURE RESEARCH DIRECTIONS

AloT Integration: Using artificial intelligence for advanced analytics and
autonomous decision-making.
Blockchain for Security: Ensuring trust and transparency in loT transactions.
Sustainable loT: Energy-efficient sensors and green communication protocols.
6G-Enabled 10T: Ultra-low latency and massive device connectivity for next-gen

automation.

VII. CONCLUSION

loT applications in automation are transforming industries by enabling smart,
efficient, and adaptive systems. Despite challenges in security, interoperability, and
scalability, ongoing advancements in Al, edge computing, and blockchain will
pave the way for highly autonomous, secure, and sustainable loT-enabled

automation solutions.
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Advanced Fabrication Technologies in the Semiconductor
Industry: Innovations, Challenges, and Future Trends

Mr. Amit Saxena, Assistant Professor Department of Electronics and

Communication Engineering, MAIT.

Abstract

The semiconductor industry is the backbone of modern electronics, enabling
innovations across computing, communication, healthcare, and automation.
Continuous advancements in fabrication technologies have driven device
miniaturization, performance enhancement, and energy efficiency. This paper
presents a comprehensive review of advanced fabrication techniques, including
extreme ultraviolet lithography (EUV), 3D device integration, advanced
packaging, and atomic layer deposition. We examine the impact of these
technologies on semiconductor scaling, discuss associated challenges, and
highlight emerging trends such as quantum device fabrication and sustainable

manufacturing practices.

Keywords
Semiconductor Fabrication, EUV Lithography, 3D Integration, Advanced

Packaging, Quantum Devices, Sustainable Manufacturing

I. INTRODUCTION

Semiconductors form the core of modern electronics, powering devices from
smartphones to supercomputers. The industry's growth has been fueled by
relentless scaling, following Moore's law, and innovations in fabrication
technologies. Advanced processes have enabled smaller transistors, higher
performance, and reduced power consumption. This paper explores the key

fabrication advancements shaping the semiconductor industry.

Il. LITERATURE REVIEW
Over the decades, fabrication technology has evolved from micrometer-scale

features to sub-3 nm nodes. Early works focused on photolithography
34
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improvements, as noted by Mack (2007). More recent studies highlight EUV
lithography as a breakthrough enabling continued scaling beyond 7 nm. Research
on 3D integration and advanced packaging by Lim (2012) and Tummala (2014)
has shown potential for improving performance and reducing interconnect delays.
Additionally, atomic layer deposition (ALD) and other nanoscale techniques have

expanded material and device possibilities.

I11. ADVANCED FABRICATION TECHNOLOGIES
1) Extreme Ultraviolet Lithography (EUV): Utilizes 13.5 nm wavelength light

to pattern extremely small features, enabling sub-5 nm nodes.

2) 3D Integration: Stacks multiple device layers vertically, improving density
and reducing interconnect lengths.

3) Advanced Packaging: Technologies such as chiplets, fan-out wafer-level
packaging (FOWLP), and system-in-package (SiP) enhance performance and
integration flexibility.

4) Atomic Layer Deposition (ALD): Allows precise control over film thickness

at the atomic scale, essential for gate dielectrics and passivation layers.

IV. IMPACT ON SEMICONDUCTOR SCALING

Advanced fabrication methods have enabled continued scaling despite physical and
economic challenges. EUV lithography has simplified multi-patterning processes,
while 3D integration and chiplet architectures address scaling limitations by
improving interconnect efficiency. ALD contributes to high-k/metal gate

technologies, enhancing transistor performance.

V. CHALLENGES
Despite progress, several challenges remain:
e High cost of EUV tools and masks.
e Yield issues in 3D integration due to thermal and mechanical stress.

Material compatibility and reliability concerns in advanced packaging.
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e Sustainability and environmental impact of high-energy fabrication
processes.
VI. FUTURE RESEARCH DIRECTIONS
e Quantum Device Fabrication: Processes for qubits using superconducting
circuits, trapped ions, and spin qubits.
e Sustainable Manufacturing: Low-energy processes, recyclable materials,
and waste reduction.
e Beyond CMOS Technologies: Fabrication of spintronic, photonic, and
neuromorphic devices.
e Al-Driven Process Optimization: Using machine learning to improve yield,
reduce defects, and optimize process flows.
VII. CONCLUSION
Advanced fabrication technologies are pivotal in sustaining the semiconductor
industry's growth. Innovations like EUV lithography, 3D integration, and advanced
packaging are overcoming scaling bottlenecks, while emerging research in
quantum and sustainable manufacturing promises to shape the industry's future.
Addressing cost, yield, and environmental challenges will be essential for long-
term success.
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Satellite Communication: Evolution, Principles, and
Applications

Mr. Rohit Lakhane, Assistant Professor, Department of Electronics and

Communication Engineering.

Introduction

Satellite communication is one of the most significant advancements in the field of
telecommunications. By enabling long-distance transmission of voice, video, and
data, satellites have transformed global connectivity, broadcasting, navigation, and
defense systems. Unlike terrestrial communication systems, satellites provide
coverage over vast geographic areas, including remote and inaccessible regions,
thereby ensuring that communication services are not restricted by terrain or
distance. This article provides an overview of the fundamental principles of

satellite communication, its history, applications, and future directions.

Historical Background

The concept of satellite communication can be traced back to Arthur C. Clarke’s
seminal 1945 proposal for geostationary satellites as repeaters for global
communication. The first practical step occurred with the launch of Sputnik 1 in
1957, which demonstrated the feasibility of artificial satellites. Subsequently, the
launch of Telstar 1 in 1962 enabled the first live transatlantic television broadcast,
marking the beginning of commercial satellite communications. Since then, the
field has witnessed exponential growth, driven by advancements in launch

vehicles, satellite payloads, and ground station technology.

Principles of Satellite Communication

A typical satellite communication system consists of three key components: the
space segment, the ground segment, and the user segment. The space segment
includes communication satellites placed in various orbits such as geostationary
Earth orbit (GEO), medium Earth orbit (MEO), and low Earth orbit (LEO). The
ground segment comprises earth stations, gateways, and network control centers,
which manage signal transmission and reception. The user segment includes

mobile terminals, dish antennas, and handheld devices. Communication occurs via
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uplink and downlink channels. Signals are transmitted from earth stations to
satellites (uplink), processed or amplified onboard, and retransmitted back to earth
(downlink). Frequency bands commonly used include C-band, Ku-band, Ka-band,
and more recently, V-band, which supports high-capacity broadband

communication.

Applications

Satellite communication serves multiple domains:

e Telecommunications: Voice, video conferencing, and broadband internet
access in underserved regions.

e Broadcasting: Direct-to-home (DTH) television, radio, and global news
distribution.

o Navigation: Systems like GPS, GLONASS, Galileo, and IRNSS provide
accurate positioning and timing services.

o Earth Observation: Weather forecasting, disaster monitoring, and
environmental studies.

o Defense and Security: Secure communications, surveillance, and

reconnaissance for military applications.

The increasing demand for global broadband connectivity has led to the
deployment of LEO mega-constellations (e.g., Starlink, OneWeb), which promise

low-latency internet access on a worldwide scale.

Challenges and Future Prospects

Despite its advantages, satellite communication faces challenges such as high
launch costs, signal latency (especially in GEO satellites), atmospheric attenuation,
and orbital debris management. However, technological advancements like
reusable launch vehicles, high-throughput satellites (HTS), and optical satellite
communication promise to mitigate these issues. The integration of satellite
networks with 5G and 6G terrestrial networks is expected to enable seamless
connectivity, particularly in Internet of Things (loT) applications, autonomous
vehicles, and smart city infrastructures. Furthermore, inter-satellite laser links are

being developed to improve data transfer efficiency and reduce latency.
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Conclusion

Satellite communication has evolved from a visionary concept to a critical pillar of
modern communication infrastructure. By bridging geographical divides, enabling
real-time data transfer, and supporting global navigation and security, satellites
play an indispensable role in today’s interconnected world. With emerging
technologies and increasing demand for ubiquitous connectivity, satellite
communication will continue to expand its role in shaping the future of global

communications.
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