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Abstract: The ""Automatic Waste Segregation System™ is an automated solution for sorting mixed waste into wet, plastic, metal,
and dry waste categories. It utilizes an L-shaped conveyor belt with a vertical section for initial waste collection and a horizontal
section for further sorting. A rain sensor on the vertical belt detects wet waste, reversing the conveyor direction to direct it to a
designated bin. The belt then resumes its normal direction to process the remaining waste. On the horizontal section, a capacitive
sensor detects plastic waste, which is swiped into a bin using a servo motor arm. A magnet beneath the belt captures metal items,
which are moved downward along the conveyor. Once the metal passes the demagnetizing point, it is released into a designated
bin. Any remaining dry waste is then collected in the general waste bin. The vertical-horizontal L-shaped conveyor design
ensures effective sorting of all types of waste, making this system a practical and scalable solution for waste segregation needs.
The system uses dual motor shafts, a relay, and a speed controller for efficient waste segregation, minimizing manual
intervention and enhancing recycling processes.
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L. INTRODUCTION

The "Automatic Waste Segregation System" is designed to automate the sorting of mixed waste into distinct categories: wet, plastic,
metal, and dry waste. This system utilizes a sophisticated L-shaped conveyor belt setup, consisting of a vertically placed first
conveyor belt and a horizontally aligned second conveyor belt, creating an efficient flow for waste sorting. By integrating advanced
sensors and automation technology powered by Arduino, the system ensures a seamless and accurate separation of waste materials.

The process begins as mixed waste is placed on the vertically positioned conveyor belt, where a rain sensor detects the presence of
wet waste. If wet waste is identified, the system temporarily reverses the direction of the horizontal second conveyor belt, directing
the wet waste into a designated bin placed at the left end. Once the wet waste is sorted, the belt returns to its original direction for
normal operation. If no wet waste is detected, the system operates without altering the belt’s direction, ensuring smooth waste
transfer to the second conveyor for further sorting. On the second conveyor belt, the system uses a capacitive sensor to detect plastic
waste. If plastic is detected, a servo motor arm is activated to swipe the plastic waste into a separate bin. The remaining waste,
including metal and dry waste, continues towards the end of the conveyor. If plastic is not detected, the waste continues to move
along the conveyor. Here, a magnet positioned beneath the belt captures metal items, which are moved downward along the
conveyor. Once the metal passes the demagnetizing point, it is released into a designated bin. Any remaining dry waste is then
collected in the general waste bin. This automated system, which incorporates dual motor shafts, relays, speed controllers, and
capacitive sensors, reduces the need for manual labour and enhances the efficiency of waste segregation. The L-shaped conveyor
design ensures a smooth and organized sorting process, making it a valuable solution for efficient waste management and recycling

1. METHODOLOGY
The “Automatic Waste Segregation System™ involves several key stages, incorporating both hardware and software components to
achieve efficient and automated waste sorting. The system operates based on the L-shaped conveyor belt design, integrated sensors,
and automated control systems, all of which work in harmony to ensure effective waste segregation.
The process is outlined as follows:

A. System Design and Structure

1) L-Shaped Conveyor Setup: The system is built with two conveyor belts: the first belt is vertically placed, and the second belt is
horizontally aligned. The vertical conveyor transports mixed waste onto the horizontal conveyor, where further sorting takes
place.
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Waste Categories: The system is designed to sort four types of waste—wet, plastic, metal, and dry—using sensors and motors
for accurate segregation.

Wet Waste Detection and Segregation

Rain Sensor: A rain sensor is mounted on the vertical conveyor to detect wet waste. When wet waste is detected, the system
triggers the horizontal conveyor belt to rotate in reverse, guiding the wet waste into a bin located on the left side of the
conveyor’s endpoint.

Return to Normal Operation: After the wet waste is separated, the conveyor belt automatically returns to its original direction to
continue the sorting process.

No Wet Waste Detected: If no wet waste is detected, the system continues to operate without altering the conveyor belt’s
direction, ensuring smooth waste transfer to the second conveyor belt.

Plastic Waste Detection and Segregation

Capacitive Sensor: On the second conveyor belt, a capacitive sensor detects plastic waste. When plastic is identified, the sensor
activates a servo motor arm to swipe the plastic waste off the belt and into a designated bin.

Continued Sorting: If plastic is not detected, the waste continues along the conveyor belt towards the end for further sorting.

Metal Waste Detection and Segregation

Magnet Mechanism: At the end of the second conveyor belt, a magnet is placed beneath the rotor. The magnet captures metal
waste, holding it in place as it moves along with the conveyor belt.

The metal waste travels downward until it reaches a point where the magnet’s strength is reduced (demagnetization point),
allowing the metal to fall off into a separate bin.

Dry Waste: Any remaining dry waste, which is not plastic or metal, is directed to a general waste bin for disposal.

Control System

Arduino: The entire system is controlled by an Arduino microcontroller, which processes signals from the sensors and activates
the motors, servo arm, and magnet to ensure proper sorting.

Dual Motor Shafts and Speed Controllers: Dual motor shafts are used to control the movement of the conveyor belts, while
speed controllers allow precise control over the belt’s motion, ensuring smooth and consistent waste flow.

Relay and Automation: Relays are used to manage the various components, ensuring that the system operates seamlessly and
automatically.

Final Waste Sorting

Once all types of waste are sorted, they are collected in their respective bins: wet waste in one bin, plastic waste in another,
metal waste in a separate bin, and dry waste in a general waste bin. This systematic sorting helps in promoting recycling and
efficient waste management.

1. ADVANTAGES
Automation and Efficiency: One of the main advantages of the "Automatic Waste Segregation System™ is its ability to automate
the entire waste sorting process. By minimizing manual intervention, the system increases efficiency and ensures faster and
more accurate sorting, which is especially important for large-scale waste management.
Accurate Waste Sorting: The integration of sensors like the rain sensor for wet waste detection and capacitive sensors for plastic
sorting ensures high accuracy in waste categorization. The magnet-based metal detection system also guarantees that metal
waste is efficiently separated from other materials, promoting better recycling.
Reduction in Labor Costs: With the automation of waste segregation, the need for manual sorting is significantly reduced,
leading to a decrease in labour costs and human error. This makes the system an economical choice in the long term.
Environmentally Friendly: By efficiently sorting waste into categories such as wet waste, plastic, metal, and dry waste, the
system promotes recycling and proper disposal, leading to a reduction in landfill waste and supporting environmental
sustainability.
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5) Space Optimization: The L-shaped conveyor belt design is compact, ensuring that the system can fit in smaller spaces while
still performing all necessary functions. This makes it suitable for various environments, including urban waste management
centres and recycling plants.

6) Energy Efficient: With the use of low-power components such as Arduino and efficient motors, the system operates with
minimal energy consumption, making it an environmentally friendly solution.

7) Scalability and Flexibility: The system design can be easily scaled to accommodate different levels of waste volumes. It is
flexible enough to be integrated into various waste management setups, whether small-scale or large-scale, depending on the
needs of the facility.

V. DISADVANTAGES

1) Initial Setup Costs: The initial setup of the Automatic Waste Segregation System may be expensive, particularly for smaller
operations. The cost of materials such as the conveyor belts, motors, sensors, and control systems can be high, making the
initial investment a challenge for some organizations.

2) Maintenance Requirements: Like any automated system, regular maintenance is required to ensure smooth operation. The
sensors, motors, and conveyor belts may experience wear and tear over time, which could lead to downtime if not properly
maintained.

3) Limited Waste Types: The system is primarily designed to segregate wet waste, plastic, metal, and dry waste. It may not be
equipped to handle more complex waste types or hazardous materials without additional modifications or specialized
components.

4) Dependence on Sensor Accuracy: The performance of the system relies heavily on the accuracy of the sensors. Inaccurate
sensor readings or malfunctioning sensors could lead to improper waste segregation, affecting the overall efficiency of the
system.

5) Complexity in Implementation: Setting up and programming the Arduino-based control system may require technical expertise.
For facilities without access to skilled personnel, this could pose a challenge during installation and troubleshooting.

6) Space Constraints: The L-shaped conveyor belt setup requires a certain amount of space for proper installation and operation.
In smaller facilities or locations with limited space, fitting this system may not be practical without significant modifications to

the layout
V. FLOW CHART

—

M \i:’.;:.‘N o

Coa veyor Belt
i

“uiazeacer)
|

: 3
e . I£ No

o Wt Waste Diatection
(Trigger borixontal com veyor
® reverzedirecion
Wet waste falls wmao

the Wer Wte Bis

Return 30 Narmal Opem tioe
(kerizon ol cosvevor
roote: forward)

(Triggers 2 Zer® MODr I

.

(wandc mmayon farward e
Saricemtal camy cyar ek

+
Detectplazsc
(cm aatve zeazor)

I£ Ye
4

Drven plastc

' along
Platic waste © Ris Detectm ecal @magact)

I

I£Neo

i )
et asnct ) Coztizzemoving ®
the zezeral was e biz

Demasndt oe meta
(reducestreagh
i
Metal waste tobin

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue X11 Dec 2024- Available at www.ijraset.com

VI. CONCLUSION
The "Automatic Waste Segregation System" offers an innovative and efficient solution for the sorting of mixed waste materials. By
utilizing an L-shaped conveyor belt system equipped with a rain sensor, capacitive sensor, and magnet mechanism, the system
effectively separates wet waste, plastic, metal, and dry waste with minimal human intervention. The integration of Arduino-based
control ensures seamless coordination of the sensors, motors, and actuators, enabling precise sorting at every stage of the process.
This automated approach significantly reduces the manual labour required in waste segregation while enhancing the speed and
accuracy of sorting. The system's ability to detect and segregate waste materials in real-time contributes to more effective recycling
practices and better waste management. Furthermore, the incorporation of a dual conveyor belt mechanism allows for smooth
transitions between different waste categories, improving the overall operational efficiency.
The success of this system demonstrates the potential of automation and sensor technology in advancing sustainable waste
management solutions. By reducing contamination in recycling streams and promoting proper waste disposal, the "Automatic Waste
Segregation System” plays a vital role in supporting environmental conservation efforts. This system not only addresses the growing
challenges of waste management but also contributes to the global push towards cleaner and more sustainable cities.
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