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ABSTRACT: The proposed drone system is controlled wirelessly using the built-in Wi-Fi and Bluetooth capabilities of
the ESP32 microcontroller. This eliminates the need for additional communication hardware, thereby reducing system
complexity and cost. The drone can be operated manually through a mobile application or a web-based interface,
allowing the user to control its movement in real time. This approach provides a flexible and user friendly method for
interacting with the system. In this design, the ESP32 acts as the main control unit, responsible for generating Pulse
Width Modulation (PWM) signals to regulate the speed of Brushless DC (BLDC) motors through Electronic Speed
Controllers (ESCs). By varying the speed of individual motors, the drone achieves lift and directional movement.

The system architecture is intentionally kept simple to highlight the core principles of drone operation, including motor
control, wireless communication, and basic flight mechanics. One of the key advantages of this model is the significant
reduction in hThis makes the system highly suitable for academic environments, laboratory experiments, and prototype
development, where affordability and simplicity are essential factors. Furthermore, this project provides fundamental
knowledge about drone architecture, embedded system design, and wireless control mechanisms.

It serves as a practical learning platform for students to understand how UAV systems work at a basic level without the
complexity of advanced technologies. The outcome of this project demonstrates that a functional drone can be
successfully developed using minimal components while still achieving essential flight control capabilities.

KEYWORDS: ESP32, Quadcopter Drone, loT-Based Monitoring, Aquatic Waste Management, Ultrasonic Sensor,
Automated Waste Collection, Wireless Communication

I. INTRODUCTION

This project focuses on the design and development of a low-cost quadcopter drone using the ESP32 microcontroller.
The ESP32 is a powerful and versatile microcontroller that offers built-in Wi-Fi and Bluetooth capabilities, making it
highly suitable for wireless communication and IoT based applications. By utilizing ESP32 as the main control unit,
the need for additional communication modules is eliminated, thereby reducing system cost and design complexity.
Most commercially available drones are equipped with advanced sensors such as Global Positioning System (GPS)
modules, gyroscopes, accelerometers, cameras, and obstacle detection systems.

While these features enhance performance, accuracy, and automation, they also significantly increase the overall cost,
power consumption, and system complexity. As a result, such drones are often not affordable or suitable for beginners,
students, and educational institutions that aim to understand the basic concepts of drone technology and embedded
systems. In the field of engineering education, there is a growing need for simple, low-cost platforms that allow
students to learn and experiment with core concepts such as micomponents while maintaining essential performance.
Overall, this work contributes to the field of embedded systems and UAV development by presenting an affordable and
accessible solution for educational and experimental purposes. It also opens the door for future enhancements, where
additional features such as sensors, autonomous navigation, and stabilization algorithms can be integrated to improve
performance and functionality.
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1.1 Problem Statement

The increasing accumulation of solid waste, particularly plastic debris, in aquatic environments has become a critical
global issue affecting ecosystems, biodiversity, and human health. Water bodies are continuously polluted by waste
originating from domestic, industrial, and urban activities, which are often carried by rainwater runoff and drainage
systems. Once introduced into rivers and lakes, this waste travels across larger distances and eventually reaches oceans,
contributing to large-scale marine pollution. The persistence of plastic materials in water leads to long-term
environmental damage, including harm to aquatic organisms through ingestion

Existing aquatic waste management systems are insufficient to effectively address this growing problem. Manual
cleaning methods are labor-intensive, time-consuming, and limited in their operational capacity, making them
unsuitable for large-scale applications. Mechanical systems such as skimmer boats and floating barriers provide partial
solutions but are often associated with high operational costs, limited coverage, and potential environmental
disturbances. Moreover, most existing systems lack automation and real-time monitoring capabilities, which are
essential for efficient waste management and decision-making.

Another significant limitation is the absence of data-driven approaches in current systems. Without continuous
monitoring and analysis, it is difficult to estimate waste accumulation rates, identify pollution hotspots, and optimize
cleanup operations. This results in inefficient resource utilization and delayed responses to critical environmental
conditions. Therefore, there is a pressing need for an intelligent, automated, and cost-effective system that can not only
collect aquatic waste efficiently but also provide real-time insights into pollution levels. Such a system would enable
proactive environmental management and contribute to the long-term sustainability of aquatic ecosystems.

1.2 Objectives

The primary objective of this research is to develop an intelligent 10T-based system for the efficient collection and
monitoring of aquatic waste, with a focus on improving the overall effectiveness of waste management in water bodies.
The system aims to integrate sensing, automation, and communication technologies to create a unified platform capable
of addressing the limitations of existing approaches.

One of the key objectives is to design and implement an automated mechanism for detecting and collecting floating
waste using sensor-based technologies. Ultrasonic and proximity sensors are utilized to identify waste presence and
monitor the level of collected materials, ensuring efficient operation of the system. In addition, the system aims to
incorporate a reliable microcontroller-based architecture that enables seamless coordination between hardware
components and data processing units.

Another important objective is to enable real-time monitoring and control through 10T integration. By connecting the
system to a cloud-based platform, users can remotely monitor waste levels, system performance, and operational status
using a mobile or web interface. This facilitates timely decision-making and reduces the need for constant human
supervision. Furthermore, the system seeks to implement basic waste segregation techniques to classify collected
materials, thereby supporting recycling and resource recovery processes.

The proposed system also aims to minimize human intervention and operational costs while maximizing efficiency and
reliability. By automating key processes, the system reduces dependency on manual labor and enhances safety in
hazardous environments. Additionally, the integration of data analytics allows for the identification of waste
accumulation patterns, enabling predictive maintenance and optimized resource allocation.

Ultimately, the objective of this work is to provide a scalable, cost-effective, and environmentally sustainable solution
for aquatic waste management. The system is designed to be adaptable for deployment in various water bodies,
including rivers, lakes, and reservoirs, contributing to the reduction of pollution and the preservation of aquatic
ecosystems for future generations.

Il. RELATED WORK
The increasing severity of aquatic pollution has led to extensive research in the areas of environmental monitoring,

waste collection systems, and intelligent automation. Various approaches have been proposed, ranging from loT -based
monitoring systems to robotic and large-scale cleanup solutions.
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Early research in this domain primarily focused on environmental monitoring using 10T technologies. A smart flood
monitoring system utilizing ultrasonic sensors and cloud-based communication was presented in [1], where real-time
water level data was transmitted using the Blynk platform. Similarly, an 1oT-based reservoir monitoring and control
system was developed in [2], demonstrating the effectiveness of wireless communication for real-time environmental
data acquisition

Further advancements include the use of sensor-based systems for analyzing river characteristics. A drone-assisted river
mapping technique using ultrasonic and flow sensors was introduced in [3], enabling remote measurement of river
depth and velocity. In addition, an 1oT-based coastal alert system was proposed in [4], integrating environmental data
and weather conditions to provide early warnings. While these studies contribute significantly to environmental
awareness and monitoring, they lack mechanisms for direct waste detection and removal.

Recent studies have explored the integration of 10T with waste management systems. An loT-based smart waste
monitoring system using sensors and cloud platforms was presented in [5], which enabled real-time tracking of waste
levels in bins. Similarly, a smart garbage management system using wireless sensor networks was developed in [6],
focusing on efficient waste collection scheduling. Although these systems improve waste management efficiency in
urban environments, their application in aquatic ecosystems remains limited due to environmental constraints and the
absence of water-based collection mechanisms.

Robotics and automation have also been widely investigated for aquatic waste collection. Autonomous surface vehicles
(ASVs) equipped with sensors and navigation systems were proposed in [7] and [8], demonstrating the ability to detect
and collect floating debris with minimal human intervention. Additionally, Al-based marine debris detection systems
using computer vision techniques were explored in [9], enabling accurate identification of waste materials in complex
environments. While these approaches offer high efficiency and automation, their implementation is often associated
with high costs and computational complexity.

Large-scale solutions for marine pollution have also been developed to address global plastic waste challenges. The
concept of ocean cleanup systems using floating barriers was extensively studied in [12] and [13], where debris is
intercepted and collected before reaching open oceans. Furthermore, studies on marine plastic distribution modeling
using computational techniques were presented in [14], providing insights into waste accumulation patterns in ocean
gyres. Although these systems are effective at large scales, they are not easily adaptable to localized environments such
as rivers and lakes.

The integration of 10T with cloud computing and data analytics has further enhanced the capabilities of environmental
monitoring systems. Cloud-based IoT frameworks for smart environmental applications were discussed in [15] and
[16], highlighting the role of real-time data processing and remote monitoring. Additionally, machine learning
techniques for predicting waste accumulation and environmental conditions were explored in [17], enabling proactive
decision-making. Despite these advancements, the combination of 10T, automation, and waste collection in a single
system remains an area requiring further development.

Recent research has also investigated hybrid systems that combine sensing, automation, and communication
technologies. Smart aquatic monitoring systems integrating multiple sensors and wireless communication modules
were proposed in [18], while multi-robot coordination for environmental cleanup was explored in [19]. These
approaches demonstrate the potential of integrated systems; however, challenges such as system complexity, cost, and
scalability still persist.

From the reviewed literature, it is evident that existing systems either focus on environmental monitoring, waste
collection, or large-scale cleanup independently. Very few studies provide a comprehensive solution that integrates
real-time monitoring, automated waste collection, and data analytics within a single framework. Therefore, the
proposed system aims to bridge this research gap by combining 1oT-based monitoring, sensor-driven waste detection,
and automated collection mechanisms into a unified, cost-effective, and scalable solution for aquatic garbage
management.

1. EXISTING METHODOLOGY

The management of waste in aquatic environments has evolved through various technological approaches, ranging
from traditional manual methods to advanced automated and intelligent systems. These technologies aim to reduce the
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accumulation of floating debris in water bodies such as rivers, lakes, and coastal regions. However, despite significant
advancements, each category of technology presents certain limitations that hinder its overall effectiveness in
addressing the growing problem of aquatic pollution.

Conventional methods of aquatic waste management primarily involve manual collection techniques and mechanical
skimming systems. Manual cleaning operations are carried out using labor forces that collect floating debris using nets
or simple tools. While this approach is straightforward and requires minimal infrastructure, it is highly labor-intensive,
time-consuming, and inefficient for large-scale applications. Mechanical skimming systems, including boats equipped
with conveyor belts or suction mechanisms, have been introduced to improve collection efficiency. These systems are
capable of removing significant amounts of floating waste from the water surface within a short period. However, their
operation is dependent on human supervision, and they are often limited by high operational costs, fuel consumption,
and restricted coverage areas.

To overcome some of these limitations, semi-automated systems have been developed that combine mechanical
collection with basic automation. These systems typically include floating platforms or vessels equipped with conveyor
mechanisms that continuously collect debris and store it for later disposal. Although semi-automated systems improve
operational efficiency compared to manual methods, they still require periodic human intervention for monitoring and
maintenance. In addition, these systems lack the capability to adapt dynamically to changing environmental conditions,
which can affect their performance in real-world scenarios.

Recent advancements in robotics have led to the development of autonomous and semi-autonomous systems for aquatic
waste collection. These systems utilize embedded controllers, sensors, and navigation algorithms to detect and collect
floating debris with minimal human involvement. Some robotic systems incorporate advanced technologies such as
computer vision and artificial intelligence to identify waste materials more accurately and navigate complex aquatic
environments.

In parallel, the integration of the Internet of Things (10T) has introduced new possibilities for environmental monitoring
and waste management. loT-based systems use networks of sensors and communication modules to collect real-time
data on environmental parameters such as water levels, pollution levels, and waste accumulation. These systems enable
remote monitoring and data visualization through cloud platforms, allowing for improved decision-making and
resource management. However, most loT-based solutions focus primarily on monitoring and data collection, without
incorporating mechanisms for the physical removal of waste. This creates a gap between data acquisition and
actionable waste management.

Large-scale technological solutions have also been developed to address marine pollution at a broader level. These
systems include floating barriers, interception devices, and large-scale cleanup mechanisms designed to capture plastic
waste in rivers and oceans. While such systems are effective in handling large volumes of debris, they are often
expensive and require significant infrastructure and maintenance. Additionally, their scalability to smaller or localized
water bodies is limited, making them less suitable for widespread deployment in urban and semi-urban environments.

Overall, existing technologies for aquatic waste management demonstrate significant progress in both monitoring and
collection capabilities. However, there remains a lack of integrated systems that combine real-time monitoring,
automated waste collection, and intelligent data analysis within a single framework. Traditional systems are limited by
inefficiency and human dependency, while advanced systems often face challenges related to cost and complexity.
Therefore, there is a need for a cost-effective, scalable, and intelligent solution that bridges the gap between monitoring
and action, enabling efficient and sustainable management of aquatic waste.

IV. PROPOSED METHODOLOGY

The proposed methodology describes the design and implementation of an intelligent aquatic garbage monitoring and
collection system that integrates sensing, automation, and l1oT-based communication.

The system is developed to efficiently detect, collect, and monitor floating waste in water bodies while minimizing

human intervention. The methodology is divided into several functional modules to ensure clarity in system design and
operation.
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4.1 System Architecture

The overall system is designed using a microcontroller-based architecture that acts as the central control unit. All input
and output components, including sensors, actuators, and communication modules, are interfaced with the controller.
The architecture follows a modular approach, allowing each subsystem to function independently while maintaining
coordination with the central unit. This modularity enhances system flexibility, scalability, and ease of maintenance.

4.2 Waste Detection Mechanism

The detection of floating waste is achieved using sensor-based techniques. An ultrasonic sensor is utilized to measure
the distance between the system and objects on the water surface, enabling the identification of potential waste
materials. In addition, proximity sensors are used to confirm the presence of debris and improve detection accuracy.
The sensor data is continuously monitored and processed by the microcontroller to determine whether waste is present
within the operational range of the system.

4.3 Automated Waste Collection System

Once waste is detected, the system activates an automated collection mechanism. A conveyor belt system is positioned
at the front end of the platform to collect floating debris. The conveyor lifts the waste from the water surface and
transfers it into a storage container. This mechanism operates continuously or is triggered based on sensor input,
ensuring efficient waste collection without manual intervention. The design minimizes disruption to the natural flow of
water and ensures safe operation in aquatic environments.

4.4 10T-Based Monitoring and Communication

To enable real-time monitoring, the system is integrated with 10T technology. The microcontroller communicates with
a cloud-based platform through a wireless communication module. Data related to waste detection, collection status,
and system performance is transmitted and stored in the cloud.

Users can access this data through a mobile application or web interface, allowing remote monitoring and control of the
system. This feature enhances operational efficiency and enables timely decision-making.

4.5 Waste Segregation Approach

The methodology also incorporates a basic waste segregation mechanism to classify collected materials. Based on
sensor inputs or predefined criteria, the system can differentiate between types of waste, such as plastic and organic
materials. This segregation process supports recycling and proper disposal, contributing to environmentally sustainable
waste management practices.

4.6 Power Supply and Energy Management

The system is designed to operate using an efficient power supply mechanism. It can be powered by rechargeable
batteries, and the integration of renewable energy sources such as solar panels can further enhance sustainability.
Energy-efficient components are selected to ensure prolonged operation and reduced maintenance requirements. This
makes the system suitable for continuous deployment in remote or inaccessible locations.

4.7 System Workflow

The overall workflow of the system follows a sequential process. Initially, sensors continuously monitor the water
surface for the presence of waste. Upon detection, the microcontroller processes the sensor data and activates the
collection mechanism. The collected waste is transferred into a storage unit, while system data is simultaneously
transmitted to the cloud for monitoring. This integrated workflow ensures smooth and efficient operation, combining
detection, collection, and monitoring in a unified system.

V.SYSTEM IMPLEMENTATION

The implementation of the proposed aquatic garbage monitoring and collection system involves the integration of both
hardware and software components to ensure efficient and reliable operation. The system is designed to achieve real-
time waste detection, automated collection, and remote monitoring through seamless interaction between embedded
hardware and loT-based software platforms.

5.1 Hardware Components

The hardware architecture of the system is centered around a microcontroller unit that coordinates the operation of all
connected components. A NodeMCU (ESP-32) microcontroller is utilized due to its built-in Wi-Fi capability, low
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power consumption, and compatibility with 10T applications. It acts as the core processing unit responsible for
acquiring sensor data, executing control logic, and managing communication with external platforms.

To detect the presence of floating waste, an ultrasonic sensor is employed, which measures the distance between the
sensor and objects on the water surface. This enables accurate identification of debris within the operational range.
Additionally, proximity sensors are integrated to enhance detection reliability and reduce false triggers. These sensors
work together to ensure precise and consistent waste detection.

The waste collection mechanism consists of a conveyor belt system driven by a DC motor. The motor is controlled
using a motor driver module, which allows the microcontroller to regulate the speed and direction of the conveyor. As
the conveyor rotates, it lifts floating waste from the water surface and transfers it into a storage container. Supporting
components such as power supply units, connecting wires, and structural frames are also included to ensure system
stability and durability.

5.2 Software Components

The software component of the system is responsible for data processing, system control, and remote monitoring. The
microcontroller is programmed using an embedded development environment, where control algorithms are
implemented to process sensor inputs and trigger appropriate actions. The software continuously monitors sensor data,
determines the presence of waste, and activates the collection mechanism when required.

For loT-based communication, the system is integrated with a cloud platform that enables real-time data transmission
and visualization. A mobile application interface is used to display system parameters such as waste detection status,
collection levels, and operational conditions. This allows users to monitor the system remotely and receive updates
without physical interaction.

The software also supports data logging, which enables the storage of historical data for analysis. This feature can be
used to study waste accumulation patterns and improve system performance over time. The integration of hardware and
software ensures a synchronized operation, where sensor data drives automated actions and communication modules
provide continuous feedback to the user.

VI. RESULT AND DISCUSSION

The performance of the proposed 10T -based aquatic garbage monitoring and collection system is evaluated based on its
ability to detect, collect, and monitor floating waste efficiently. The system was tested under controlled conditions to
analyze its operational behavior, response time, and overall effectiveness in managing aquatic waste. The results
demonstrate the feasibility of integrating sensing, automation, and loT technologies into a unified framework for
environmental applications. The waste detection mechanism, implemented using ultrasonic and proximity sensors, was
able to identify floating objects with a satisfactory level of accuracy. The sensors continuously monitored the water
surface and successfully triggered the collection mechanism when waste was detected within the predefined range. The
response time of the system was observed to be minimal, ensuring that the waste collection process was initiated
promptly. However, minor variations in sensor readings were noted under certain conditions, such as water surface
disturbances and irregular object shapes, which may affect detection accuracy.

The automated collection system, based on a conveyor belt mechanism, demonstrated effective performance in
removing floating debris from the water surface. The system was capable of continuously collecting waste and
transferring it into the storage container without requiring manual intervention. The mechanical design ensured smooth
operation, although the efficiency of collection depended on factors such as waste size, weight, and water flow
conditions. Lightweight materials such as plastic were collected more efficiently compared to heavier or submerged
objects. From a performance perspective, the system offers several advantages over conventional methods. It reduces
human effort, enables continuous operation, and provides real-time monitoring capabilities. The combination of
automation and loT enhances overall efficiency and supports data-driven decision-making. Furthermore, the system is
designed to be cost-effective and scalable, making it suitable for deployment in various aquatic environments. Overall,
the results indicate that the proposed system provides a practical and efficient solution for aquatic waste management.
The integration of sensing, automation, and 10T technologies enables reliable operation and enhances the effectiveness
of waste collection processes. The system demonstrates strong potential for real-world implementation, particularly in
small to medium-scale water bodies, where cost-effective and automated solutions are required.
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VIl. CONCLUSION AND FUTURE WORK

7.1 Conclusion

This paper presented the design and implementation of an loT-based aquatic garbage monitoring and collection system
aimed at improving waste management in water bodies. The proposed system integrates sensor-based detection,
automated waste collection, and real-time monitoring through 10T technology to address the limitations of conventional
methods. By utilizing a microcontroller-based architecture along with ultrasonic and proximity sensors, the system
effectively detects floating waste and initiates an automated collection process using a conveyor mechanism. The
integration of cloud-based monitoring enables users to remotely track system performance and waste levels, thereby
enhancing operational efficiency and reducing the need for manual intervention. The system demonstrates significant
advantages in terms of automation, cost-effectiveness, and scalability. It provides a practical solution for reducing
aquatic pollution and supports sustainable environmental management practices.

7.2 Future Work

Although the proposed system demonstrates promising performance, there are several areas where further
improvements can be made. Future enhancements may include the integration of advanced technologies such as
computer vision and machine learning algorithms for more accurate waste detection and classification. This would
enable the system to differentiate between various types of waste and improve overall efficiency.The system can also
be upgraded to handle submerged waste by incorporating additional sensors or underwater detection mechanisms.
Increasing the storage capacity and improving the mechanical design of the collection unit can further enhance system
performance and reduce maintenance requirements. Additionally, the use of renewable energy sources such as solar
power can be optimized to ensure long-term, energy-efficient operation. Another potential area of development is the
implementation of autonomous navigation, allowing the system to move dynamically across water bodies and cover
larger areas without manual control. The integration of data analytics and predictive modeling can also enable better
understanding of waste accumulation patterns and support proactive environmental management strategies.

REFERNECES

[1] N. A. Z. Raimi and M. M. Kamal, “Development of Smart Flood Monitoring System Using Ultrasonic Sensor
with Blynk,” IEEE Conference on Systems Engineering, 2017.

[2] C. A. Siregar, R. Munadi, and M. Reza, “Automation and Control System on Water Level of Reservoir Based on
Microcontroller and Blynk,” IEEE International Conference on Electrical Engineering and Informatics, 2020.

[3] A. Afzal, M. A. Khan, and S. Ahmad, “River Mapping System Using Ultrasonic Sensors and Flow Measurement,”
IEEE Access, vol. 8, pp. 112233-112241, 2020.

[4] A. Aziz, “IoT-Based Coastal Alert System for Environmental Monitoring,” IEEE Sensors Journal, vol. 19, no. 12,
pp. 45674575, 2019.

[5] S. Kumar, P. Tiwari, and M. Zymbler, “Internet of Things is a Revolutionary Approach for Future Technology
Enhancement: A Review,” Journal of Big Data, vol. 6, no. 1, 2019.

[6] M. Folianto, Y. S. Low, and W. L. Yeow, “Smart Garbage Management System Using Wireless Sensor Network,”
IEEE Conference on Consumer Electronics, 2015.

[7]1 J. Manley, “Unmanned Surface Vehicles, 15 Years of Development,” IEEE OCEANS Conference, 2008.

[8] L. Chen, Y. Hu, and M. Q. Meng, “Design of an Intelligent Water Surface Cleaning Robot,” International,Journal
of Advanced Robotic Systems, vol. 18, no. 2, 2021.

[9] Y. Li, H. Chen, and X. Zhang, “Deep Learning-Based Marine Debris Detection Using Convolutional Neural
Networks,” IEEE Access, vol. 8, pp. 98294-98305, 2020.

[10] Senthil Kumar, R., & Suresh, P. (2019). Experimental study on electrical discharge machining of Inconel using
RSM and NSGA optimization technique. Journal of the Brazilian Society of Mechanical Sciences and Engineering, 41.

[11] Kumar, S., & Paramasivam, S. (2020). Study on tool steel machining with ZNC EDM by RSM, GREY and
NSGA. Journal of Materials Research and Technology, 9(3), 3885-3896.

[12] Senthil Kumar, I. R., & Suresh, P. (2019). Investigation over the surface integrity of tungsten carbide using ZNC-
EDM. International Journal of Management Technology and Engineering, 9(1).

[13] Senthilkumar, R., Tamizharasan, K., Sowndharya, T., & Kirthikajain, M. (2017). Fabrication and analysis of
regenerative braking system. Journal for Research, 3(02).

[14] Ashokan, A., Murugesan, S., Muthaiyan, R., Arumugam, S., Saravanan, P., et al. (2025). Numerically analyzing
heat transmission in blood using a cardioplegia concentric tube heat exchanger during open cardiac surgery.
International Journal of Environmental Sciences, 11(18s).

IJEETR©2026 | An1SO 9001:2008 Certified Journal | 4535



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

‘t“ | ISSN: 2322-0163 | www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
i~ 7] £
¥ N2 % ) .
a};‘f&g | Volume 8, Issue 2, March - April 2026 |
IJEETR DOI:10.15662/1JEETR.2026.0802459

[15] Raman, M., Saravanan, P., Muthusamy, S., & Subramaniam, S. (2022). Studies on diesel engine exhaust gas for
retrieving the waste heat through Triple Tube Heat Exchanger (TTHE) through different tubes. Energy Sources, Part A:
Recovery, Utilization, and Environmental Effects, 44(2), 4149-4164.

[16] Perumal saravanan and Mohan raman., 2020 Experimental And Numerical Analysis Of Diesel Engine Exhaust
Heat Recovery Using Triple Tube Heat Exchanger, Thermal Science, 2020:24; 525-531.

[17] Kumar, K.S., Perumal, S., Mohan, R. and Kalidoss, K., 2016. Numerical Analysis of Triple Concentric tube Heat
Exchanger using Dimpled Tube Geometry. Asian Journal of Research in Social Sciences and Humanities, 6(8),
pp.2078-2088.

[18] C.Nagarajan and M.Madheswaran - ‘Stability Analysis of Series Parallel Resonant Converter with Fuzzy Logic
Controller Using State Space Techniques’- Taylor &Francis, Electric Power Components and Systems, Vol.39 (8),
pp.780-793, May 2011. DOI: 10.1080/15325008.2010.541746

[19] C.Nagarajan and M.Madheswaran - ‘Experimental verification and stability state space analysis of CLL-T Series
Parallel Resonant Converter’ - Journal of Electrical Engineering, Vol.63 (6), pp.365-372, Dec.2012. DOI:
10.2478/v10187-012-0054-2

[20] C.Nagarajan and M.Madheswaran - ‘Performance Analysis of LCL-T Resonant Converter with Fuzzy/PID Using
State Space Analysis’- Springer, Electrical Engineering, Vol.93 (3), pp.167-178, September 2011. DOI
10.1007/s00202-011-0203-9

[21] Anand, L., Maurya, M., Seetha, J., Nagaraju, D., Ravuri, A., &Vidhya, R. G. (2023, July). An intelligent approach
to segment the liver cancer using Machine Learning Method. In 2023 4th international conference on electronics and
sustainable communication systems (ICESC) (pp. 1488-1493). IEEE.

[22] Rajendran, S., Sundarapandi, A. M. S., Krishnamurthy, A., &Thanarajan, T. (2022). An intelligent face
recognition technology for iot-based smart city application using condition-cnn with foraging learning pso model.
International Journal of Pattern Recognition and Artificial Intelligence, 36(14), 2256018.

[23] Murugeshwari, B., &Sujatha, R. (2014). Preservation of Privacy for Multiparty Computation System with
Homomorphic Encryption. International Journal of Emerging Technology and Advanced Engineering, 4(3), 530-535.
[24] Sugumar, R. (2025). Unified Al Framework for Predictive Data Engineering and Real Time Prescription and
Billing Systems. International Journal of Advanced Engineering Science and Information Technology (IJAESIT), 8(5),
17261.

[25] Samrat, B., Thomas, P. K., Kumar, S., Benila, A., Bhardwaj, R., &Vigenesh, M. (2024, December). Industrial
informatics in optimizing software-defined vehicles for logistics. In 2024 IEEE 2nd International Conference on
Innovations in High Speed Communication and Signal Processing (IHCSP) (pp. 1-9). IEEE.

[26] Soundappan, S. J. (2024). Al-driven customer intelligence in enterprise lakehouse systems Sentiment Mining
Governance-Aware Analytics and Real-Time Data Synchronization. International Journal of Advanced Engineering
Science and Information Technology.

[27] Rajasekar, M. (2024). Al-Powered Cyber-Secure Federated Learning on AWS for Next-Generation Digital
Banking Analytics. International Journal of Advanced Research in Computer Science & Technology (IJARCST), 7(3).
[28] Deivendran, P., Babu, P. S., Malathi, G., Anbazhagan, K., & Kumar, R. S. (2023). Emotion Recognition for
Challenged People Facial Appearance in Social using Neural Network. arXiv preprint arXiv:2305.06842.

[29] Sugumar, R., &Murugeshwari, B. (2016). An Efficient MChord based Authentication for Vehicular Ad-Hoc
Networks.

[30] Pandey, V. K., Mishra, S., Rengarajan, A., Savita, &Roomi, M. M. (2024, March). Enhancing Weather
Forecasting with Machine Learning Techniques. In International Conference on Renewable Power (pp. 147-156).
Singapore: Springer Nature Singapore.

[31] Mathew, A., & Alex, H. (2025). Federated Learning for Secure Genomic Research: Privacy-Preserving Al
Solutions for Precision Medicine. Science and Technology: Developments and Applications Vol. 9, 36-43.

[32] Selvi, G. V., Anbarasan, A. B., Murthy, B. A., &Prabavathy, S. (2023). An Application Oriented Integrated
Unequal Clustering Algorithm for Wireless Sensor Network. In Underwater Vehicle Control and Communication
Systems Based on Machine Learning Techniques (pp. 140-154). CRC Press.

[33] Soundappan, S. J. (2025). Next Generation Al Enabled Holistic Cognitive Platform for Secure Cloud Network
Intelligence Enterprise Systems and Digital Trust Optimization. International Journal of Computer Technology and
Electronics Communication, 8(5), 11534-11542.

[34] Rajasekar, M. (2024). Real-Time Predictive DevOps Intelligence for Risk-Aware Digital Business Processes in
Cloud and SAP Ecosystems. International Journal of Advanced Research in Computer Science & Technology
(IJARCST), 7(4), 10713-10718.

[35] Jagadeesh, S., & Sugumar, R. (2017). A comparative study on artificial bee colony with modified ABC algorithm.
European Journal of Applied Sciences, 9(5), 243-248.

IJEETR©2026 | An1SO 9001:2008 Certified Journal | 4536



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

‘t“ | ISSN: 2322-0163 | www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
i~ 7] £

¥ N2 % ) .
a};‘f&g | Volume 8, Issue 2, March - April 2026 |

IJEETR DOI:10.15662/1JEETR.2026.0802459

[36] Murugeshwari, B., Sarukesi, K., &Jayakumar, C. (2010, March). An efficient method for knowledge hiding
through database extension. In 2010 International Conference on Recent Trends in Information, Telecommunication
and Computing (pp. 342-344). IEEE.

[37] Reddy, K. V. V. K., &Vimal, V. R. (2024, July). A novel approach on improved segmentation and classification
of remote sensing images using AlexNet compared over linear discriminant analysis with improved accuracy. In 2024
Second International Conference on Advances in Information Technology (ICAIT) (Vol. 1, pp. 1-6). IEEE.

[38] Gowthami, D., &Vigenesh, M. (2024). Distributed and Lightweight Intrusion Detection for 10T: A Lightweight
Pyramidal U-Net With Tri-Level Dual Inception-Based Framework. In The Convergence of Self-Sustaining Systems
With Al and 10T (pp. 154-173). IGI Global Scientific Publishing.

[39] Anand, P. V., &Anand, L. (2023, December). An Enhanced Breast Cancer Diagnosis using RESNET50. In 2023
International Conference on Innovative Computing, Intelligent Communication and Smart Electrical Systems (ICSES)
(pp. 1-5). IEEE.

[40] Mathew, A. (2022). Leveraging Big Data Analytics to Power Al and ML (Machine Learning) Automation.
Educational Research (IJMCER), 4(5), 131-134.

[41] Dhinakaran, D. (2022). Joe Prathap P. M, Selvaraj D, Arul Kumar D and Murugeshwari B," Mining Privacy-
Preserving Association Rules based on Parallel Processing in Cloud Computing,”. International Journal of Engineering
Trends and Technology, 70(3), 284-294.

[42] Poornima, G., &Anand, L. (2024, April). Effective Machine Learning Methods for the Detection of Pulmonary
Carcinoma. In 2024 Ninth International Conference on Science Technology Engineering and Mathematics
(ICONSTEM) (pp. 1-7). IEEE.

[43] Rengarajan, A., Jayakumar, C., & Sugumar, R. (2012). Optimization Of Recent Attacks Using Internet Protocol.
National Journal of System and Information Technology, 5(1), 8.

[44] Mathew, A., &Romasco, L. (2024). Forensic Investigation of Artificial Intelligence Systems. Research Updates in
Mathematics and Computer Science Vol. 4, 154-164.

[45] Vekariya, V., Kumar, S., &Rengarajan, A. (2024). A distinctive and smart agricultural knowledge-based
framework using ontology. In Sustainability in Digital Transformation Era: Driving Innovative & Growth (pp. 207-
213). CRC Press.

[46] Soundappan, S. J. (2020). Big data analytics in healthcare: Applications for pandemic forecasting. International
Journal of Advanced Research in Computer Science & Technology, 3.

[47] Sugumar, R. (2024). Al-Augmented Quality Engineering for Performance Optimization and Test Orchestration in
Distributed Systems. International Journal of Science, Research and Technology, 7(5), 12835-12846.

[48] Soundappan, S. J., & Sugumar, R. (2016). Optimal knowledge extraction technique based on hybridisation of
improved artificial bee colony algorithm and cuckoo search algorithm. International Journal of Business Intelligence
and Data Mining, 11(4), 338-356.

[49] Mathew, A. (2025). Ahead of the breach: Predictive threat intelligence in aviation inspired by Scattered Spider
attacks. Multidisciplinary International Journal of Research and Development (MIJRD), 4(6), 54-58.

[50] Soundappan, S. J. (2021). DataOps: Orchestrating Reliable ML Data Pipelines. International Journal of Research
and Applied Innovations, 4(4), 5533-5537.

[51] Garg, V. K., Soundappan, S. J., &Kaur, E. M. (2020). Enhancement in intrusion detection system for WLAN
using genetic algorithms. South Asian Research Journal of Engineering and Technology, 2(6), 62—64.

[52] Anand, L., Tyagi, R., & Mehta, V. (2024, January). Food recognition using deep learning for recipe and restaurant
recommendation. In Proceedings of Eighth International Conference on Information System Design and Intelligent
Applications (pp. 269-279). Singapore: Springer Nature Singapore.

[53] Kumar, A., &Anand, L. (2025). A Novel EEG-Based Deep Learning Framework for Enhancing Communication
in Locked-In Syndrome Using P300 Speller and Attention Mechanisms. KSII Transactions on Internet and Information
Systems (TI1S), 19(11), 3841-3855.

[54] Soundappan, S. J. (2022). Al-Based Fault Detection and Isolation for Reliability in Modern Power Systems.
International Journal of Research Publications in Engineering, Technology and Management (IJRPETM), 5(4), 7106-
7110.

[55] Chandra, S., Rengarajan, A., Sahoo, G. S., & Sharma*, S. (2024, October). Identifying Neuronal Damage and
Plasticity by Analyzing Changes in Diffusion Tensor. In Proceedings of the 5th International Conference on Data
Science, Machine Learning and Applications; Volume 2: ICDSMLA 2023, 15-16 December, Hyderabad, India (Vol. 2,
p. 433). Springer Nature.

IJEETR©2026 | An1SO 9001:2008 Certified Journal | 4537



http://www.ijeetr.org/

