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Abstract

Indian Railways faces significant challenges in managing non-biodegradable waste like plastic bottles and aluminium cans. This
paper proposes/presents an automated waste segregation system integrating a Can and Bottle Crusher Mechanism with a
Collector Bot to streamline waste segregation, reduce waste volume, and promote recycling. The system employs ultrasonic
sensors for waste detection, LDR sensors for material differentiation, and an ESP32 microcontroller for automation. The research
explores design methodologies, sensor technology, and automation principles to optimize efficiency. The implementation of this
system can lead to improved recycling rates, reduced environmental pollution, and enhanced waste disposal efficiency at railway
stations.
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1. INTRODUCTION

Indian Railways, one of the largest railway networks globally, faces significant waste management challenges due to the high
volume of non-biodegradable waste generated daily. Improper disposal of plastic bottles and aluminium cans leads to
environmental pollution, operational inefficiencies, and health risks. Current waste management practices rely heavily on
manual labour, which is inefficient and unsustainable. This paper proposes an automated Can and Bottle Crusher Mechanism
integrated with a Collector Bot to address these issues.

The system aims to:

i. Automate Waste Segregation: Using sensors to identify and segregate waste materials.

ii. Reduce Waste Volume: By crushing plastic bottles and aluminium cans, optimizing storage and transportation.
iii. Promote Recycling: By ensuring proper segregation and preparation of recyclable materials.
iv. Minimize Manual Labor: Through the integration of an autonomous collector bot.

The proposed system is designed to be scalable, cost-effective, and environmentally sustainable, making it suitable for
implementation across various railway stations and other public spaces.

2. LITERATURE REVIEW

This section provides an overview of existing research and technological advancements in waste segregation, crushing
mechanisms, and automation, highlighting their relevance to the proposed system.

Sunil MP, Shravya Chand PK, Bhavya Grandhe, Hariprasad S A (December 12, 2020) developed a robotic arm-based waste
segregation system using Raspberry Pi and DC motors. Their system incorporates a moisture sensor to classify waste as wet or
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dry, enabling efficient segregation of organic and recyclable materials. This study demonstrates the potential of automation in
waste management, which aligns with the proposed system's goal of reducing manual intervention.

Arvidsson Lars, Nordernam Kasper (2022) explored various models for solid waste management in metropolitan areas,
focusing on techniques for segregation, disposal, and recycling. Their findings provide valuable benchmarks for designing
efficient waste management systems.

Arghadeep Mitra (December 7, 2020) explored the use of deep learning and image processing for waste detection and
classification. By employing OpenCV and machine learning algorithms, their system can accurately classify waste as organic,
recyclable, or hazardous. This approach is highly relevant to the proposed system, as it can enhance the accuracy and efficiency
of waste segregation.

Cherry Agarwal, Chaithali Jagadish, Bhavesh Yewale (June 06, 2020) presented an automatic waste segregation system that is
both efficient and durable. Their system requires minimal power and operates without human supervision, focusing on the
segregation of waste into different categories for recycling. This study highlights the importance of energy-efficient and
autonomous systems, which are key considerations for the proposed project.

Praveen Yadav T R, Dr. Chetan Byrappa (September 09, 2020) designed an automated waste management system that includes
a crusher and pneumatic compactor. Their system is capable of segregating ferrous and non-ferrous metals, reducing their size
through compaction for easier disposal and recycling. This research provides essential insights into the design and operational
aspects of crushing systems

3. METHODOLOGY

The methodology is divided into three key phases: Research & Analysis, Technology Assessment, and Automation with
Collector Bot Integration.

3.1 Research & Analysis:
This phase focuses on understanding the current waste management challenges at Indian Railways and defining the scope
of the project.

3.1.1. Waste Management Practices Review:

e Analyse existing waste management practices at Indian Railways, focusing on the collection, segregation, and disposal
of plastic bottles and aluminium cans.

e Identify gaps in the current system, such as reliance on manual labour, inefficient segregation, and lack of volume
reduction.

3.1.2. Data Collection:

e C(Collect quantitative and qualitative data on waste generation rates, composition and disposal methods at railway
stations.

o (ategorise waste into plastic bottles, aluminium cans and other waste (e.g. food waste, paper).

e Document current disposal method (manual segregation) and identify inefficiencies.

3.1.3. Environmental Impact Assessment:

e  Evaluate the environmental impact of improper waste disposal, such as pollution and health hazards.
e Quantify the potential benefits of automated waste collection and crushing, including reduced landfill usage and
improved recycling rates.

3.2 Technology Assessment:
This phase involves evaluating existing technologies and selecting the most suitable components for the system.
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3.2.1. Sensor Technology:

e Ultrasonic Sensors: For detecting waste objects on railway tracks.
e LDR (Light Dependent Resistor) Sensors: For differentiating between metal and plastic waste based on reflectivity.
e ESP32 Microcontroller: For processing sensor data and controlling the bot's movements and actions.

3.2.2. Crusher Mechanism:

e Evaluation of existing crusher technologies used for crushing cans, and bottles, focusing on efficiency, cost
effectiveness, and durability.

e The assessment covers mechanical crusher systems, pneumatic compactors, and existing automated waste
segregation systems.

3.2.3 Collector Bot Design:

e Design a bot with a waste storage compartment and robotic arm for picking up waste.
e Dual Chamber Design: Separate compartments for metal (left) and plastic (right).
o Use light weight, corrosion resistant material for durability.

3.3 Automation with Collector Bot Integration:
This phase focuses on automating the waste detection and collection, segregation and transport, and crushing processes.

3.3.1 Waste Detection and Collection

e The collector bot uses ultrasonic sensors to detect waste objects on railway tracks.
e LDR sensors classify the waste as metal or plastic based on reflectivity.
e The bot's robotic arm picks up the detected waste and places it in the storage compartment.

3.3.2 Waste Segregation and Transport

The bot segregates the collected waste into metal and plastic categories using LDR sensor data.

Segregated waste is stored in separate compartments within the bot.

Once the storage compartment is full, the bot transports the waste to the crusher unit located at a designated station.
The bot uses its navigation system to return to the crusher unit autonomously
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4. PROCEDURE:

The proposed system operates in a series of well-defined steps to automate waste detection, collection, segregation, and
crushing. The procedure is divided into four main Stages: Waste Detection, Waste Collection and Segregation, Transport to
Crusher, and Crushing and Recycling.

4.1 Waste Detection:
4.1.1 Waste Identification:

o The collector bot uses ultrasonic sensors to detect waste objects (plastic bottles and aluminium cans) on railway
tracks.
e The sensors measure the proximity of the waste and send the data to the ESP32 microcontroller for processing.

4.1.2 Material Classification:

e LDR (Light Dependent Resistor) sensors are used to differentiate between metal and plastic waste based on their
reflectivity.

e  Metal waste reflects more light, while plastic waste absorbs it, allowing the system to classify the waste accurately.
The ESP32 microcontroller processes sensor inputs and directs actuators to segregate waste in appropriate bins.

4.2 Waste Collection and Segregation
4.2.1 Waste Collection:

e Once waste is detected and classified, the collector bot's robotic arm picks up the waste and places it in the storage
compartment.
e The bot is equipped with a 360° camera and obstacle avoidance sensors to navigate railway tracks and avoid obstacles.

4.2.2 Waste Segregation:

e The collected waste is segregated into metal and plastic categories within the bot's storage compartment.
o The segregation is based on the data from the LDR sensors, ensuring accurate sorting.

4.3 Transport to Crusher
4.3.1 Autonomous Navigation:

o  When the storage compartment is full, the bot autonomously navigates to the crusher unit located at a designated
station.

o The bot uses its navigation system and predefined paths to move along the railway tracks.
4.3.2 Waste Offloading:

e Upon reaching the crusher unit, the bot offloads the segregated waste into the crusher's input chamber.
e The bot then returns to its waste collection route to continue the process.

4.4 Crushing and Recycling
4.4.1 Volume Reduction:

e The crusher mechanism compresses plastic bottles and aluminium cans, reducing their volume by up to 70%.
e The crusher uses rotating blades powered by a 6.0 kW motor to crush the waste efficiently.
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4.4.2 Storage for Recycling:

e The crushed waste is stored in separate bins for metal and plastic categories.
e These bins are periodically collected for recycling, ensuring proper disposal and promoting sustainability.

Fig -1: Collector Bot with Robotic arm

5. VALIDATION:

This section validates the design and performance of the proposed system through blade stress analysis, force calculations,
sensor accuracy testing and crusher efficiency.

5.1. Blade Stress Analysis

The blade stress analysis was conducted using SolidWorks Simulation to assess the structural integrity and performance of
the crusher blade under operational loads.

The objective was to ensure that the blade can withstand the applied crushing force without permanent deformation,
maintaining its functionality and structural integrity.

5.1.1 Stress Analysis Results
The Von Mises Stress analysis was performed to evaluate the stress distribution across the blade. The results are as
follows:
¢ Minimum Stress: 0.000 N/m”"2
e Maximum Stress: 8.019 x 1076N/m"2 (8.019 MPa)
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Name Type Min Max
Stress1 VON: von Mises Stress 0.000e+00N/m"2 8.019e+06N/m"2
Node: 1432 Node: 432

Assem1-Static 1-Stress-Stress1

Fig -2: Stress Analysis

5.1.2 Displacement Analysis:
The displacement analysis confirmed that the blade experiences minimal deformation under load:
¢ Maximum Displacement: 1.993x10"-3 mm
The fixed part of the blade remains stable, while the outermost part exhibits-controlled displacement, demonstrating
effective force distribution

Name Type Min Max
Displacement1 URES: Resultant Displacement 0.000e+00mm 1.993e-03mm
Node: 1432 Node: 1430

Fig - 3: Displacement Analysis
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5.2 Force Calculations
5.2.1 Crushing force for Aluminium Cans: Material and Geometric Considerations

« Material Yield Strength: Aluminium cans typically have a yield strength of 120-150 MPa.
¢ Can Geometry:
o Average thickness (t): 0.1-0.3 mm
o Radius (r): 3.5 cm
o Height(h): 12 cm
5.2.2 Buckling Analysis
e Aluminium cans are thin-walled cylindrical structures. The critical buckling stress (o critical) is calculated
using the formula for thin-walled cylinders:
o critical = E.t / rv/3(1-vA2)
where,
E (Young's modulus for aluminium) =68 GPa
v (Poisson's ratio) = 0.33

Calculation:
o critical = 68*1029Pax0.0002m/0.035mv3(1-0.33/2)
-~ o critical # 1.2MPa
e Surface Area of Can: A = mr*2+2mrh
= (0.035) *2+2m (0.035) (0.12) =0.029m"2
5.2.3 Crushing Force:
e The crushing force is the force required to compress a can or bottle.
e Itis calculated using the formula: F=PxA
Where,
F=Crushing Force (in Newtons, N)
P=Crushing Pressure (in Pascals, Pa)
A = Surface area of the Can (in m”"2)
Calculation:
F=PxA =1x10"6Pa x 0.029m"2= 29KN

5.2.4 Motor Power Requirement:

Blade radius =19.13 cm= 0.1913 m
Torque(T) = Fxr =29x10”*3N x 0.1913m"2 = 5.5KNm
Motor Power(P) =TxN/9549 =5.5¥10*3Nm*10 RPM/9549 = 5.81 KW

Conclusion: A 6 KW Motor is recommended.
5.3. Sensor Accuracy:

e Ultrasonic and LDR sensors demonstrated high accuracy in detecting and classifying waste materials.
5.4 Crusher efficiency:

¢ The crusher reduced the volume of aluminium cans by 74.3% (from 0.35 L to 0.09 L per can), optimizing storage
and transportation.

6. RESULT AND DISCUSSION:

The proposed Can and Bottle Crusher Mechanism integrated with a Collector Bot demonstrated robust performance across
critical parameters. The blade stress analysis confirmed structural integrity under operational loads, with stress levels well
within the material's yield strength.
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Table -1: Sensor Accuracy

Sensor Parameters Accuracy
Ultrasonic Distance Detection 98.50%
LDR Material classification 92%

The ultrasonic and LDR sensors achieved high accuracy in waste detection (98.5%) and material classification (92%), ensuring
reliable segregation and automation.

The system's 74.3% volume reduction of crushed waste significantly optimizes storage and transportation, aligning with the
goal of sustainable waste management

7. CONCLUSION:

This research demonstrates the successful development of an automated can and bottle crusher mechanism integrated with a
collector bot, designed to address waste management challenges at Indian Railways.

The system streamlines waste detection, collection, segregation, and crushing processes, significantly reducing reliance on
manual labour, optimizing storage and transportation and promoting recycling.

The integration of advanced sensor technology and autonomous robotics ensures high accuracy and operational efficiency.

Future enhancements could include expansion to handle a wider variety of waste materials, and solar-powered energy
solutions.

This project represents a significant step towards achieving cleaner and more sustainable railway premises.
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