
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                           International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 5, Issue 4, October 2025 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-29474   1328 

www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 

Automatic Waste Segregation 
Mayank Kulkarni1, Sudesh Godase2, Digvijay Khilare3, Prof. V. B. Utpat4 

1,2,3UG Students, Department of Electronics and Telecommunication Engineering 
4Assistant Professor, Department of Electronics and Telecommunication Engineering 

 SKN Sinhgad College of Engineering, Pandharpur 

mayankkulkarni80@gmail.com, sudeshodase17@gmail.com, 

khilaredigvijay@gmail.com, vaishnavi.utpat@sknscoe.ac.in 

 

Abstract: This project presents an Automatic Waste Segregation System that classifies and sorts waste 

into three categories: wet (organic), dry, and metallic. The system utilizes integrated sensors – moisture 

sensors for wet waste detection, capacitive sensors for dry waste identification, and inductive proximity 

sensors for metal recognition. Upon detection, waste items are released from an upper collection chamber 

into a dynamically positioned bin assembly. A stepper motor-driven rotating platform aligns the 

corresponding category-specific container (wet, dry, or metal) beneath the discharge point based on real-

time sensor feedback processed by the Arduino Uno. This mechanized approach eliminates direct human 

contact with waste, enhances sorting efficiency, and provides a scalable solution for improved recycling 

workflows. 
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I. INTRODUCTION 

Effective waste management is a critical global challenge, with improper segregation posing significant environmental 

and public health risks. Conventional manual sorting is labor-intensive, costly, and exposes workers to hazardous 

materials. To address these limitations, this project develops an automated waste segregation system that classifies 

household/commercial waste into three essential categories: wet , dry , and metal using sensor technology and 

electromechanical control. Existing solutions often rely on centralized processing plants, neglecting the benefits of 

sourceseparation. This prototype implements a decentralized approach using an Arduino Uno microcontroller as the 

central processing unit. Upon detection, waste items are released from an upper hopper onto a stepper motor-driven rotary 

platform housing three dedicated collection bins. The Arduino calculates bin alignment based on real-time sensor data, 

rotating the platform to position the correct container (wet, dry, or metal) beneath the discharge chute before waste release. 

This gravity-assisted mechanism eliminates complex conveyor systems while ensuring efficient, contactless sorting. This 

project aims to demonstrate a low-cost, scalable solution that enhances segregation accuracy, reduces human intervention, 

and promotes hygienic waste handling. 

 

II. LITERATURE SURVEY 

Automated waste segregation has gained significant research attention to address inefficiencies in manual sorting. Early 

studies by Kumar et al. (2019) demonstrated basic wet/dry separation using IR and moisture sensors but overlooked metal 

detection, limiting recyclable recovery [1].  

This limitation was partially addressed by Singh et al. (2021), who proposed a dual-sensor (ultrasonic and inductive) 

module for non-ferrous metal detection, though their system lacked integration with other waste streams [2]. 

 Subsequent work by Patil et al. (2020) incorporated inductive proximity sensors for metallic waste identification in 

conveyor-based systems, achieving 92% accuracy; however, their reliance on complex conveyor belts and servo-arm 

mechanisms introduced high mechanical failure risks and cost [3]. 

 This mechanical complexity was a recurring theme, as evidenced by Dasgupta et al. (2022), whose pneumatic-based 

sorting arm required a high-pressure air source, rendering it impractical for decentralized deployment [4].  
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While advanced solutions like Ramanathan et al. (2021) employed Raspberry Pi and computer vision for multi-category 

sorting, these systems incurred prohibitive costs and computational latency [5].  

Furthermore, Zhou and Li (2023) highlighted the significant performance drop of such visionbased models in suboptimal 

lighting conditions, a common real-world challenge [6]. 

 In contrast, low-cost microcontroller approaches emerged as a promising alternative. Verma and Singh (2022) validated 

Arduino Nano’s efficacy for real-time sensor processing in IoT waste bins, reducing expenses [7].  

Nevertheless, their design only supported binary segregation. Mechanical simplicity remained a challenge: Nguyen 

(2021) developed a gravity-assisted trapdoor mechanism to avoid conveyors but could only handle two waste categories 

[8]. 

While Gupta et al. (2020) persisted with conveyordependent designs despite documented maintenance issues [9].  

Concurrently, research into sensor efficacy by Park et al. (2023) confirmed the high accuracy (>95%) of capacitive 

sensing for distinguishing plastics from paper in a controlled setting, validating its use in low-cost systems [10].  

 This project bridges these gaps through an integrated approach. Building on Arduino Uno’s cost efficiency [11].  

It introduces multi-sensor fusion (moisture, capacitive, inductive) to detect three categories—wet, dry, and metal—

directly addressing the categorical limitations identified in [7,8].  

Crucially, it replaces the error-prone conveyors documented in [3,4,9] with a stepper-driven rotating bin assembly, 

leveraging gravity for passive sorting—a principle suggested but not fully realized for three categories by Nguyen [8]. 

 This novel mechanism simplifies the mechanical workflow while enabling triple-category segregation, achieving a 

balance of low cost, robustness, and functionality absent in existing literature. 

Table1: Comparative review of Automatic Waste Segregation. 

Paper / 

Project 

System 

Architecture 

Cost Ease of 

Implementation 

Performance User 

Experience 

Limitations 

Kumar et al. 

(2019) [1] 

IR & Moisture 

Sensors for 

Wet/Dry 

Segregation 

Low 

(<$40) 
Easy 

Basic binary 

segregation; 

reliable for 

wet/dry 

Simple 

operation 

No metal 

detection; 

limited 

recyclable 

recovery 

Singh et al. 

(2021) [2] 

Dual-sensor 

(Ultrasonic & 

Inductive) for 

Metal 

Detection 

Low-

Moderate 

(~$55) 

Moderate 

(sensor fusion) 

Effective for 

non-ferrous 

metals; 

addresses a key 

gap 

Specialized 

for metal 

detection 

Not integrated 

with other 

waste streams; 

standalone 

module 

Patil et al. 

(2020) [3] 

Conveyor-

based with 

Inductive 

Sensor & 

Servo-arm 

Moderate-

High 

(~$80) 

Complex 

(multiple 

moving parts) 

92% metal 

accuracy; 

automated 

sorting 

Hands-free 

operation 

High 

mechanical 

failure risk; 

costly and 

maintenance-

heavy 

Dasgupta et 

al. (2022) [4] 

Pneumatic-

based Sorting 

Arm 

High 

(>$90) 

Complex 

(requires high-

pressure air 

source) 

Fast actuation 

for sorting 

Reduces 

manual 

sorting 

Impractical for 

decentralized 

use; complex 

and noisy 

Ramanathan 

et al. (2021) 

[5] 

Raspberry Pi 

& Computer 

Vision 

High 

(>$100) 

Complex 

(software setup 

& training) 

High accuracy 

in optimal, 

controlled 

lighting 

Advanced, 

multi-

category 

sorting 

High cost; 

computational 

latency; poor 

performance in 

bad lighting 
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Zhou and Li 

(2023) [6] 

Vision-based 

Model 

Moderate-

High 

(~$85) 

Complex (model 

dependent) 

Varies with 

environment 

Camera-

based, non-

contact 

Significant 

performance 

drop in 

suboptimal 

lighting 

conditions 

Verma and 

Singh (2022) 

[7] 

Arduino Nano 

& IoT for 

Binary 

Segregation 

Low 

(<$50) 

Moderate (IoT 

integration) 

Efficient real-

time 

processing for 

two categories 

Cost-

effective 

with IoT 

features 

Only supports 

binary (wet/dry) 

segregation 

 

III. PROPOSED METHODOLOGY 

The proposed system operates on a sequential, automated workflow governed by the Arduino Uno microcontroller, which 

integrates sensory input, logical processing, and precise mechanical actuation. The physical architecture is divided into 

two main modules: an upper sensing and discharge chamber and a lower rotating bin assembly. The upper chamber is a 

stationary hopper housing the integrated sensor array—comprising an inductive proximity sensor for metal detection, a 

moisture sensor for identifying wet organic waste, and a capacitive sensor for confirming dry waste. Beneath this 

chamber, a servo-controlled trapdoor mechanism manages the release of sorted items. The lower assembly consists of a 

stepper motor-driven rotary platform that holds three collection bins positioned 120 degrees apart. This design ensures 

that for every sorting cycle, the system only requires a minimal rotation to align the correct bin, optimizing both speed 

and energy efficiency. 

The segregation process begins with a hierarchical sensing phase initiated upon waste deposition. The inductive sensor 

is polled first as a safety and priority check; its ability to detect metallic objects without physical contact makes it ideal 

for instantly identifying metal waste, even if it is soiled or wet. If no metal is detected, the control logic proceeds to the 

moisture sensor, which measures the electrical conductivity of the waste. A reading exceeding a carefully calibrated 

threshold indicates the presence of moisture consistent with organic or wet waste. Finally, if the item is classified as non-

metallic and dry, the capacitive sensor provides a final confirmation by detecting the presence of materials like plastic, 

paper, or cardboard. This multi-stage sensor fusion logic, processed in real-time by the Arduino, ensures high 

classification accuracy and prevents mis-categorization. 

 

1) Block Diagram:  

The segregation process begins with a hierarchical sensing phase initiated upon waste deposition. The inductive sensor 

is polled first as a safety and priority check; its ability to detect metallic objects without physical contact makes it ideal 

for instantly identifying metal waste, even if it is soiled or wet. If no metal is detected, the control logic proceeds to the 

moisture sensor, which measures the electrical conductivity of the waste. A reading exceeding a carefully calibrated 

threshold indicates the presence of moisture consistent with organic or wet waste. Finally, if the item is classified as non-

metallic and dry, the capacitive sensor provides a final confirmation by detecting the presence of materials like plastic, 

paper, or cardboard. This multi-stage sensor fusion logic, processed in real-time by the Arduino, ensures high 

classification accuracy and prevents mis-categorization. 
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Result:  

 
FIG1.1: FINAL RESULT(HARDWARE) 

The comprehensive evaluation of the Automatic Waste Segregation System yielded substantial evidence supporting its 

efficacy in automated waste management. Through rigorous testing involving over 200 diverse waste samples spanning 

organic, dry, and metallic categories, the system demonstrated remarkable performance metrics that validate the 

underlying design philosophy of sensor fusion coupled with mechanical simplicity. The implementation successfully 

addressed the critical challenges identified in existing literature, particularly the limitations of binary segregation systems 

and the mechanical complexities of conveyor-based approaches, while maintaining a cost-effective profile suitable for 

widespread deployment. 

The system's core achievement lies in its impressive classification accuracy, measured at 94.5% across all test cycles. 

This performance stems directly from the hierarchical sensor integration strategy, where the inductive proximity sensor 

provides primary metal detection with 98.2% accuracy, effectively identifying both ferrous and non-ferrous materials 

without physical contact. The subsequent moisture sensing stage achieved 91.5% accuracy in distinguishing wet organic 

waste, successfully identifying food scraps and moist materials, though occasionally challenged by items with 

heterogeneous moisture distribution where surface characteristics didn't reflect internal composition. The capacitive 

sensor module completed the triage process with 93.8% accuracy in dry waste identification, reliably distinguishing 

plastics, paper, and cardboard through their dielectric properties, with only minimal confusion occurring with very low-

density materials like polystyrene foam that presented weaker capacitive signatures.  

 
FIG1.2: FINAL RESULT(HARDWARE) 
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Beyond classification accuracy, the system's operational efficiency proved equally noteworthy. The complete segregation 

cycle averaged just 3.2 seconds from waste deposition to final sorting, comprising sensor processing (<1.0 second), bin 

rotation and alignment (~1.7 seconds), and waste discharge (~0.5 seconds). This efficiency demonstrates the practical 

viability of the system for real-world applications where continuous operation is required. The stepper motor-driven 

rotating mechanism demonstrated flawless reliability in bin positioning throughout testing, while the gravity-assisted 

discharge system eliminated the need for complex conveyor belts or pneumatic systems that have plagued previous 

designs documented in the literature. 

When contextualized within the existing research landscape, our system represents a significant advancement over prior 

solutions. It substantially outperforms the binary segregation systems of Kumar et al. and Verma & Singh by 

incorporating metal detection while avoiding the mechanical complications of Patil et al.'s conveyor-based approach and 

the computational overhead of Ramanathan et al.'s vision-based system. The rotating bin architecture proves particularly 

advantageous, offering mechanical robustness without the maintenance challenges associated with conveyor belts or the 

energy requirements of pneumatic systems. This design achieves an optimal balance between functionality, reliability, 

and cost-effectiveness that has been largely absent from previous implementations. 

Nevertheless, the evaluation revealed certain limitations that warrant consideration for future iterations. Composite 

materials with mixed composition, such as laminated packaging or soiled containers, occasionally presented classification 

challenges as the system's current logic assigns a single category based on dominant sensor readings. Additionally, 

prolonged operation with wet waste necessitated periodic cleaning of moisture sensor probes to maintain accuracy, 

suggesting potential for design refinement in this area. The system also requires a continuous power supply, which may 

constrain deployment in certain environments where grid power is unreliable. 

In conclusion, the experimental results comprehensively validate the Automatic Waste Segregation System as a viable, 

efficient, and robust solution for automated waste management. The integration of multi-sensor data processing with an 

elegantly simple mechanical design has produced a system that successfully addresses key limitations of existing 

approaches while maintaining practical deployability. The demonstrated performance in accuracy, speed, and reliability 

positions this system as a promising contribution to sustainable waste management infrastructure, with particular 

relevance for implementation at waste generation points such as residential complexes, educational institutions, and 

commercial establishments where source segregation can dramatically improve recycling outcomes and reduce landfill 

burden. 

 

IV. CONCLUSION 

This project successfully designed and implemented an Automatic Waste Segregation System to efficiently classify and 

separate waste into wet, dry, and metal categories. The system effectively addresses the limitations of manual sorting by 

automating the process through a practical and lowcost approach.  

The core architecture, built around an Arduino Uno microcontroller, utilizes a multi-sensor array for accurate detection 

and a novel stepper motor-driven rotating bin mechanism for reliable, gravity-assisted sorting. The prototype 

demonstrated high performance, achieving consistent segregation accuracy and meeting key targets for speed and 

reliability.  

The project validates the system's significant advantages, including enhanced hygiene through contactless operation, 

improved recycling purity, and cost-effectiveness due to its simple mechanical design and affordable components. While 

limitations exist with complex waste items, the system provides a robust foundation for source-level waste management. 

In summary, this work delivers a functional and scalable solution that promises to contribute to more sustainable and 

efficient waste handling practices. 
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