j.-f..’ Y2k
@REME%
Sy e Jeurnal

Volume: 09 Issue: 11 | Nov - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

T

Design and Development of a Robotic Beach Cleaner for Coastal Waste
Management

Vishal A. Meshram,Viraj Barge, Prathamesh Bari, Vedant Bachal

Department of Engineering, Sciences and Humanities (DESH)

Vishwakarma Institute of Technology, Pune, Maharashtra, India

Abstract — This paper tells us about how a robotic beach
cleaning system was designed and built to help with coastal
waste management. The robot that is being proposed has
wheels and a rotating conveyor belt that allows it to pick
up trash from beaches and in sandy area. The prototype is
eco-friendly and cheap because it runs on a rechargeable
battery and is controlled by simple electronics. It helps
solve the growing problem of beach pollution. Initial tests
show that it can pick up small to medium-sized trash,
which makes it easier to use and better for the environment.
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INTRODUCTION

One of the most pressing environmental issues currently
faced by the world is beach pollution. As there is more
human activity on beaches, tons of waste, particularly
plastics, packaging materials, and non-biodegradable
waste, are dumped onto the beaches daily. Not only is this
littering of waste defacing the natural landscape of these
beaches, but also undermines the integrity of the marine
ecosystem. Turtles, birds, and other marine animals
consume debris made of plastic for food, which can cause
injury or even death. Further, the decomposition of waste
pollutes the water and the coastline, which is not only
harmful to the water but also to the well-being of people.

Tourism is a significant income-generating activity for
numerous coastal communities, and is also harmed by
polluted beaches. Tourists avoid beaches that are visibly
contaminated and unsafe to visit, which translates to local
business and government revenue losses. Beach cleaning is
still manual in many areas by cleanup crews or volunteers,
which is a time-consuming, physically exhausting process

and ineffective over vast reaches of the coastline. Human
cleaning is also hampered by weather conditions, daylight
hours, and worker availability.

To address these issues, there is emerging interest in
creating robotic solutions that can support or replace
manual work in beach cleaning operations. Automated
systems provide a cost-effective and efficient way to
enhance the speed, efficiency, and uniformity of beach
cleaning. They can work for more hours, tackle challenging
terrain, and minimize the need for uninterrupted human
intervention. The following paper outlines the
development and design of a beach cleaning robotic
solution to tackle these problems. Equipped with the ability
to ride over sandy surfaces and pick up different types of
litter with the help of a rotating drum and conveyor belt
mechanism, the suggested robotic device is planned to be
cost-effective, eco-friendly, and also modular in nature. It
is a promising solution for the effective cleanup of beaches
over the long term. Through the minimization of the need
for manual labour and the enhancement of the overall
cleanup process, this beach cleansing robotic device can
contribute significantly to the conservation of the well-
being and pleasing appearance of the beaches for
generations to come.

LITERATURE REVIEW

In recent years, the domain of robotic automation has seen
considerable advancements in the development of systems
for waste management and environmental maintenance.
Numerous studies and prototypes have emerged focusing
on land-based autonomous waste collectors, which are
widely used in urban cleaning operations. These robots,
contains with vision systems, path planning or direction
algorithms, and actuated arms or conveyor systems, have
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demonstrated efficiency in navigating well organized
environments such as roads, parks, and public facilities.

Similarly, agricultural robotics has contributed in many
innovations in terrain-adaptive  mobility, sensor
integration, and navigation.  These
technologies have proved effectiveness in open fields and
unstructured landscapes, showing promise for adaptation
in other sectors. However, when evaluating their usage in
coastal areas, particularly beaches, several limitations

autonomous

become obvious.

The beach environment poses unique engineering
challenges that are not sufficiently addressed by most
existing robotic systems. The main challenge comes from
the nature of the beach itself—sand is soft, uneven, and
shifts easily under pressure, which makes it hard for robots
to move around. On top of that, the types of trash found on
beaches are of various types—ifrom light plastics on the
surface to heavier or partly buried waste—so the robot
needs a strong and flexible system to collect all kinds of
debris.

Even though there’s growing interest in using robots to
help clean the environment, there’s still very little research
focused specifically on beach-cleaning robots. The few
models that do exist are usually too complex, expensive, or
not easy to fix or upgrade when needed. Because of this,
there is a clear need for a simpler, more affordable robotic
system that is built specifically for cleaning beaches and
can handle their unique challenges.

This project is an effort to improve by designing a new type
of beach cleaner that is easy to build, easy to repair, and
able to move smoothly on sandy terrain. By drawing it
from both mobile waste collection systems and agricultural
automation system, the proposed robotic unit seeks to offer
a practical, scalable solution for maintaining cleaner
beaches, particularly in regions with limited access to
advanced infrastructure or skilled technical workers.

METHODOLOGY/EXPERIMENTAL

The robotic beach cleaner was built on the principles of
simplicity, functionality, and cost-effectivity. The chassis
is the underlying structure of the robot and consists of a
wooden base, which was used due to its light weight and
numerous other attributes and ease of manufacturing. For
added strength but maintaining overall weight minimality,
the wooden base is reinforced with tapered metal strips.

These metal pieces are in a module arrangement so they
can be rapidly disassembled, transported, and rebuilt—a
functional necessity for maintenance in the field and
possible upgradeability in the future.

To overcome the specific challenge of cruise sandy and
uneven terrain, the robot is equipped with big expanding,
elastic pneumatic tires. These tires spread the weight of the
robot across a wider surface so the robot cannot sink in and
suck in the sand or sandy area and also offer improved
traction and stability with any further motion. Its size,
make and flexibility also assist in the absorption of
different minor shocks so the robot can pass over the
smaller shaking, and scraping without the loss of the
balance.

The waste collecting system is the focal point of the
operational functioning of the robot. It is composed of three
main components:

* Rotating Drum: This drum is mounted at the front of the
vehicle to agitate and scoop up loose waste material—
plastic wrappers, bottles, and paper—from the surface of
the sand. Its rotation ensures that it is always uniform in the
intake of waste as the robot advances.

¢ Conveyor Belt System: From the rotating drum, a
conveyor belt works in tandem to carry the gathered waste
from the front to a chosen bin for storage. The conveyor
belt is driven by a specific shaft and pulley system to enable
it to work in a seamless manner and remain in perfect
harmony with the rotating drum. This seamless operation
ensures that waste is effortlessly moved from the floor to
the collecting bin without jamming and loss of time.

DC Motor: The whole process of the robot including its
locomotion over the sand and the operation of the waste
collecting mechanism is controlled by a direct current (DC)
motor. It is powered by a rechargeable and reusable
battery, thus making the arrangement totally wireless and
environmental. Having it battery-powered also ensures the
robot can reach distant beaches without relying on a power
supply from elsewhere. The electronic system is as
minimal as possible in an effort to make the system more
energy-efficient and as far as possible from creating any
technological problems.

The components of the material used in the building of the
robot such as the use of wood, mild steel, and rubber were
preferred because they are inexpensive, readily available,
and not difficult to work with. It means more robots of this
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kind can be constructed without incurring enormous
expenditure. The DC motor is also something used in
almost every hobby work and home-based robotics project,
so replacement or spares would not be difficult to look for.

The wiring is simple at this point and incorporates only an
on/off switch and direct control of the motor. The good part
is that the design is poised for upgrades in the future. It has
some space to include microcontrollers, sensors such as
infrared or ultrasonic sensors, as well as auto features.
GPS, solar panels, and cameras, if necessary, can also then
be attached to the current frame without requiring
extensive redesigning.

The entire development process was quite useful and
pragmatic. It progressed from sketches to small-scale
projects and ultimately coalesced to form a functioning,
full-scale prototype. At each stage, we shaped the design to
a fine point, enhanced the function, and determined how
things would work best in the real world. At each stage, we
concentrated on perfecting particular sub systems such as
mobility, efficiency of collection, and material handling.

With an emphasis on modularity, cost-effectiveness, and
terrain-appropriate design, this approach provides a robust
platform for a robotic beach cleaner that is not only useful
for current deployment but also has the adaptability to
accommodate possible future technology upgrades

RESULTS AND DISCUSSIONS

We initially tested the robot in a simulated beach
environment, which we established using fine, loose beach
material and general litter such as plastic wrappers, plastic
bottles, and litter pieces that can be found along the coast.
This was a controlled setting, which enabled us to conduct
the tests in a reproducible and uniform manner to
systematically observe the robot's primary abilities—its
motion, waste collecting ability, and general strength in its
structure.

The trials indicate everything that it is delivering solid
performance in these key areas:

Mobility and Terrain Handling: Perhaps the greatest
success was the way that the robot performed on sandy
terrain. With its big inflatable wheels, the robot was able to
glide over the surface without sinking nor becoming stuck
in the sand. These wheels did an excellent job of dispersing
the weight of the robot, minimizing the pulling, and
smoothing out the ride over the rough terrain. In contrast to
the stiff and rigid wheels, the inflatable wheels adjusted
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and performed far more well to the loose, moving terrain
and assisted in keeping the robot moving consistently and
smoothly.

Waste Collection Efficiency: The front-mounted rotating
drum and the belt feeder mechanism performed as planned.
The drum scooped up waste pieces—such as wrappers,
canning jars, pieces of paper, and even tiny objects such as
can lids—efficiently off the sand. It dislodged partially
buried pieces with ease, and the belt delivered them to the
bin without a hitch. Over multiple trial runs, no jamming
and blockages were evident, which reflects good alignment
of the drum and belt and a sound general setup.

Structural Strength: The wooden frame, which was
reinforced with metal ribbing, withstood the trials with
ease. Even with the repeated traversing of rough terrain and
redistributing the load in all directions, the structure
remained the same. Nothing flexed, broke, or loosened, and
the modularity of the design allowed for the ease of
inspecting the inner components and making rapid
readjustments when the need arose.

Nonetheless, the importance of realizing that this is a
minimal prototype, one constructed principally to
demonstrate the idea in action, cannot be overstated. It
lacks the sophisticated sensors that a real-world beach
operation would require for detecting obstacles, route map
making, or feedback systems that would guide the
operation to make corrections if needed. The mechanism
has to be initiated by hand and took away from the
possibility of making decisions independently, nor from
adapting to different conditions.

In the future, there are a number of ways to elevate the
design:

Microcontroller and Sensor Integration: Integrating a
microcontroller such as an Arduino or a Raspberry Pi
would enable more control over the motors and enable
sensors to be added. IR sensors or ultrasonic sensors would
enable the robot to avoid the obstacles, sense the trash, or
remain within the periphery.

Solar Panels: Solar panels would enable the robot to
charge independently and function for more extended
periods away from the grid—notably for off-grid and
remote beaches.

GPS Navigation: The addition of GPS and compass
modules would enable the robot to be programmed to
systematically traverse broad spaces, avoid repetition, and
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provide complete coverage. It would place the robot closer
to the semi-autonomous or autonomous realm.

Machine Learning for Sorting: It can in the future be
enhanced by, a camera system may be trained or may be
utilized in identifying and sorting various waste. Using
machine learning, the robot might be able to differentiate
between harmful garbage, sort out the reusable garbage, or
segregate the biodegradable or toxic trash in real time.

In short, the latest robot accomplishes its primary aim:
collecting beach trash and traversing regularly over sand.
It provides a good foundation to work from. With
envisioned advances in autonomy, power consumption,
and smarts, this machine can be a game-changer for beach
cleanups and ease a significant portion of the workload off
manual work.

FUTURE SCOPE

Although the existing prototype of the robotic beach
cleaner shows good performance in the basic gathering of
waste, there is much scope for functional and technological
development. As the environmental problems increase and
the capabilities of technology become larger, subsequent
versions of this system can become more advanced, more
efficient, and autonomous entities. The following aspects
point to major directions of development:

Automation and Intelligent Control Systems:

The most direct enhancement is the use of microcontrollers
(e.g., Arduino, ESP32, or Raspberry Pi) coupled with
motor drivers and arrays of sensors. This would enable the
automating of simple functions such as start-stop cycles,
obstacle evasion, and mapping of areas. Adding the control
algorithms would also increase the operation accuracy,
efficiency, and responsiveness to dynamic terrain.
Integration of sensors and environmental awareness.

Future designs can take advantage of advanced sensor
integration, such as:

Ultrasonic and IR sensors to detect obstacles.

Soil temperature sensors and moisture sensors to sense wet
areas which can impact the mobility. Vision sensors or
with  waste

cameras recognition using  Artificial

Intelligence to identify the differences in between
biodegradable, reusable, and harmful waste.

GPS-Based Mapping and Navigation

Large-scale deployment along extensive coastlines can be
achieved using GPS modules in association with real-time
kinematic (RTK) systems in order to support path
planning, geofencing, and autonomous patrolling. With the
apt mapping algorithms, the robot would systematically
patrol predetermined zones without intervention, with
reduced redundancy and comprehensive coverage.

Solar Charging and Optimization of Energy

The integrating of solar panels on the chassis would enable
the robot to become self-sustaining for extended-duration
applications. High-performance
systems, such as dynamic load balancing and monitoring
of the batteries, would maximize rural life and minimize

energy management

the utilization of this device for repeated power
consumption.

Waste Sorting and Classification

With the use of simple machine learning algorithms and
image recognition (through the use of something like
TensorFlow Lite), subsequent systems might sort the
gathered waste by category. The robot would then sort it
onto onboard compartments according to the material—
plastics, metal, or organic waste—efficiently simplifying
the recycling process and the workload of human
personnel.

Scalability and Fleet Coordination

To deploy in wide areas of coastline, a number of robotic
units would be networked as a fleet. Using centralized
cloud monitoring or local wireless connectivity (i.e., LoRa
or Wi-Fi), the robots would work in unison, minimize
overlap, and maximize overall cleaning efficiency.

Augmented Structural Design

While the design today focuses on cost-effectivity and
modularity, subsequent versions can include light-weight
composite materials, corrosion-resistant alloys, or even
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3D-printed components for improved strength-to-weight
ratios and durability in aggressive maritime conditions.

Data Logging and Environmental Monitoring

In addition to cleaning, the robot might also be able to
measure environmental conditions like temperature,
humidity, and pollutant levels. These data, collected over
time, might then be used for scientific purposes or in
policymaking concerning the health of the coast and
marine conservation.

CONCLUSION

The creation of this robotic beach cleaning system
represents a major breakthrough and could be the great idea
in bringing automation to environmental conservation.
Through the provision of an affordable, modular, and
mobile clean-up system, the prototype would help address
one of the biggest concerns of coastal areas today—
repeated the massive beach pollution. In contrast to manual
cleaning systems which are manpower-intensive,
unreliable, and in many cases, unrealistic to apply to
expansive coastlines, this robotic solution offers a uniform,
scalable, and effective option.

The central design of the system—rotating drum, inflatable
wheels, and coordinated conveyor mechanism—yielded
successful results in testing in mock beach conditions. Its
light weight and ability to remain steady in the unsteady
sand reflect both mechanical uprightness and terrain
flexibility. In addition, the fact that the system is powered
by a standard battery and includes regularly available
materials adds acceptance to the project's goals of
environmental sustainability and accessibility.

While the present model is a working prototype, its
architecture is well planned to be used for upgrades in the
future. By incorporating microcontrollers, sensors for
detecting the environment, GPS navigation, and solar
charging facilities, this machine can transform to become a
completely autonomous and intelligent cleaning robot in
the future. It can not only gather trash but also track the
condition of the environment and adjust its functioning
accordingly.

In short, this project creates the foundation for a develop,
green solution to a global environmental problems. With
further development, this robotic beach cleaning machine
can become a valuable addition to coastal towns and

region, environmental departments, and public works
agencies dedicated to maintaining ocean life and healthier,
more secure beaches for everyone.
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