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Abstract: Water pollution in rivers has become a pressing environmental issue, demanding innovative solutions for efficient 

cleanup. This project presents a semi-autonomous river-cleaning robot designed to remove floating debris and pollutants using a 

combination of embedded electronics and mechanical components. The system integrates a Arduino for processing, an ultrasonic 

sensor for obstacle detection, a Cam for real-time monitoring, and a propeller motor for navigation. The robot's conveyor belt 

mechanism collects waste, controlled by L293D motor drivers and an Arduino Uno (ATmega328) slave controller for additional 

motor coordination. The setup enables real-time waste collection, navigation through water bodies, and intelligent response to 

obstacles, contributing to cleaner river ecosystems. The proposed solution enhances water cleanup efficiency through cost-effective 

automation, reducing human intervention and improving ecological sustainability. 

 
Index Terms - River Cleaning Robot, Water Pollution Control, Ultrasonic Sensor, Cam, Propeller Motor, L293D 

Motor Drivers, Arduino Uno (ATmega328), Conveyor Belt Mechanism, Autonomous Waste Collection, Obstacle 

Detection, Ecological Sustainability. 

I.INTRODUCTION  

Water pollution in rivers has become a significant environmental challenge, impacting aquatic life, human health, 
and overall ecosystem balance. The accumulation of floating debris, plastic waste, and other contaminants 
necessitates efficient and automated cleaning solutions to maintain river health. Traditional manual cleaning methods 
are often labor-intensive, time-consuming, and inefficient when dealing with large-scale pollution. 

This project presents a river-cleaning robot designed to autonomously remove floating waste using an integrated 
system of electronics, sensors, and mechanical components. The robot utilizes an Arduino for processing tasks, an 
ultrasonic sensor for detecting obstacles, and a camera for real-time monitoring. A propeller motor enables smooth 
navigation through water bodies, while L293D motor drivers and an Arduino Uno (ATmega328) slave controller 
manage the conveyor belt system for waste collection. The combination of these components results in an efficient, 
cost-effective, and semi-autonomous solution for maintaining cleaner waterways. 

This research aims to explore the robot’s design, working mechanism, and impact on river cleanup efficiency. By 

employing automation and smart sensing technology, the project contributes to sustainable environmental practices, 
offering a scalable approach to tackling water pollution. 

 

II. PROBLEM STATEMENT   

    Rivers play a vital role in sustaining ecosystems and providing freshwater resources for communities. However, 
increasing pollution from plastic waste, debris, and other contaminants has severely impacted river health. Traditional 
methods of river cleanup involve manual labor, which is inefficient, labor-intensive, and often impractical for large-
scale operations. The primary challenge is developing an autonomous river-cleaning system that can effectively 
navigate water bodies, detect obstacles, collect floating waste, and operate with minimal human intervention. The robot 

must be cost-effective, scalable, and efficient, integrating smart sensing technology and automation to enhance its 
performance. 

    This project aims to address these challenges by designing a semi-autonomous river-cleaning robot utilizing 
Raspberry Pi, ultrasonic sensors, Pi Cam, propeller motors, and L293D motor drivers to facilitate real-time waste 
collection and obstacle detection. The integration of Arduino Uno (ATmega328) as a slave controller ensures 
coordinated motor operations, enhancing efficiency. The solution focuses on providing an environmentally 
sustainable, automated, and technologically advanced method for maintaining cleaner waterways.  
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III. LITERATURE SURVEY   
    Traditional methods of river cleanup rely on manual labor, floating barriers, and chemical treatments to remove 
pollutants. While these approaches provide some relief, they are often inefficient, labor-intensive, and incapable of 
addressing large-scale pollution in water bodies. Additionally, manual cleaning efforts are time-consuming and pose 

safety risks for workers dealing with contaminated environments [1]. 
Automated river-cleaning robots have emerged as a promising solution to this problem. These robots utilize various 
technologies such as ultrasonic sensors, cameras, and conveyor belt mechanisms to detect, collect, and dispose of 
floating debris. Some designs incorporate propeller motors for movement, enabling robots to navigate water bodies 
autonomously. Research has demonstrated that automation enhances efficiency, reduces human intervention, and 
improves waste collection rates compared to traditional methods [2]. 
Sensor-based navigation plays a crucial role in autonomous water-cleaning robots. Studies have explored the 

application of ultrasonic sensors for obstacle detection and camera-based systems for pollutant identification. The 
integration of Raspberry Pi and Arduino Uno (ATmega328) has been widely adopted for real-time processing and 
control, improving the responsiveness of these robots in dynamic aquatic environments [3]. 

Existing robotic implementations face challenges such as limited battery life, navigation difficulties in 

strong currents, and the need for adaptive control algorithms. Furthermore, cost constraints and maintenance 

complexity have hindered the large-scale deployment of such systems. The optimization of L293D motor 

drivers and conveyor belt mechanisms has been studied to enhance efficiency and reliability [4].  

Developing a cost-effective, scalable, and autonomous river-cleaning robot is essential for addressing water 

pollution efficiently. Research continues to refine energy-efficient designs, improved sensing technologies, 

and robust motor control systems to create practical solutions for environmental sustainability [5].  
IV.METHODOLOGY   

 
 

                        Figure 1: Block Diagram  
 

I. HARDWARE  
 

1. Arduino UNO 
 

 
                Figure 2: Arduino UNO  

In this project, the Arduino Uno (ATmega328) functions as a slave controller, handling motor operations and 
sensor data processing. It manages L293D motor drivers, controlling the propeller motor for movement and the 

conveyor belt motor for waste collection. The ultrasonic sensor connected to the Arduino helps in detecting obstacles 
and adjusting movement accordingly. It communicates with the Raspberry Pi via serial communication, ensuring 
coordinated operation with real-time responses. The conveyor belt mechanism is regulated by the Arduino to optimize 
waste collection efficiency based on debris detection. This integration enhances autonomous navigation, obstacle 
avoidance, and efficient debris collection, making the system reliable for river-cleaning applications. 
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2. L293D1 

 
 Figure 3: L293D1 

The L293D motor driver is a dual H-bridge motor driver IC that allows bidirectional control of two DC motors 
simultaneously. It works by receiving low-power control signals from a microcontroller (such as Arduino Uno) and 
amplifying them to drive motors efficiently. The H-bridge circuit inside the IC enables forward and reverse rotation 
by switching the polarity of the motor terminals. The enable pins activate the motor channels, while the input pins 
determine the direction of rotation. The output pins connect to the motors, and the power supply pins provide the 
necessary voltage for operation. This IC is widely used in robotics and automation for precise motor control. 

 

3. L293D2   

 
         Figure 4: L293D2 

    The L293D2 motor driver works by controlling the direction and speed of DC motors using an H-bridge circuit. It 
takes low-power signals from a microcontroller (like Arduino) and amplifies them to drive motors efficiently. The 
input pins determine the motor's direction, while the enable pins activate the motor channels. The output pins connect 
to the motors, allowing them to rotate forward or backward based on the signal received. This IC is commonly used in 
robotics and automation for precise motor control. 
 

4. Bluetooth  

 
Figure 5: Bluetooth 

 

    In the River Cleaning Robot, Bluetooth is used for wireless control and communication between the user and the 
robot. A Bluetooth module (like HC-05) is connected to the microcontroller, allowing it to receive commands sent 
from a smartphone app. These commands control the robot’s movement—such as forward, backward, left, right, or 
stop—and activate functions like the conveyor belt for waste collection. This enables the user to manually operate or 
override the robot when needed, especially in areas where automatic operation is difficult. 

 

 

 

 

 

 

http://www.jetir.org/


© 2025 JETIR June 2025, Volume 12, Issue 6                                                           www.jetir.org (ISSN-2349-5162) 

 

JETIR2506433 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org e299 
 

5. Gear Motors 

 
 

                  Figure 6: Gear Motors 

    Gear motors in the River Cleaning Robot are used to provide controlled and powerful movement to the wheels and 
conveyor mechanism. These motors combine a standard DC motor with a gear system to reduce speed and increase 

torque, allowing the robot to move smoothly through water and carry collected waste efficiently. The high torque 
output from gear motors helps in driving the robot against resistance like water currents and ensures stable operation 
of the conveyor belt used for collecting floating waste. 
 
V.HARDWARE IMPLEMENTATION  

     

 
 Figure 7: Experimental Setup of a Proposed System  

 

   The hardware implementation of the River Cleaning Robot involves assembling and integrating various electronic 
and mechanical components to perform autonomous or manual waste collection from water bodies. The main 

components include a microcontroller (like Arduino or Raspberry Pi), ultrasonic sensors for obstacle detection, a Pi 
camera for visual monitoring, gear motors to drive the wheels and conveyor belt, L293D motor drivers for motor 
control, and a Bluetooth module for wireless communication. The structure is mounted on a floating base with a 
propeller mechanism to move through water and a conveyor belt to collect waste. All components are powered using 
a battery, and the system is programmed to respond to sensor inputs or remote commands, enabling real-time 
operation and effective river cleaning.  
 

VI. RESULTS AND DISCUSSION  

 

    The River Cleaning Robot successfully demonstrated its ability to collect floating waste from water bodies such as 
ponds, lakes, and small rivers. It was able to navigate through the water using gear motors and propellers while 
maintaining stability. The ultrasonic sensor effectively detected obstacles and helped avoid collisions. The conveyor 
belt mechanism collected plastic waste, leaves, and other debris efficiently. Bluetooth control allowed manual 
operation when required, ensuring better handling in complex areas. The integration of a Pi camera provided real-

time visuals for monitoring. Overall, the robot showed reliable performance in semi-autonomous waste collection and 
contributed to reducing surface-level water pollution. 
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