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ABSTRACT: Sustainable waste management requires effective trash segregation.  This project presents an     automated 

system for the segregation of dry metal wet (DMW) that is based on Arduino.  The system uses an infrared sensor to find 

waste materials, a metal detector sensor to find metallic things, and a raindrop sensor to find wet garbage.  The Arduino 

microcontroller receives data from these sensors, evaluates it, and then turns on a servo motor to open the appropriate 

waste flap.  In order to place the waste over the proper container, a stepper motor also rotates a platform.  By separating 

garbage into wet, dry, and metal categories, this automation reduces the need for human interaction, improves hygiene, 

and encourages effective recycling.  Both urban and residential applications can benefit from the system's affordability and 

environmental friendliness. 
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I. INTRODUCTION

 

In today's world, garbage generation is becoming a bigger problem, especially in cities where a lot of household 

waste is generated.  Pollution, ineffective recycling, and health risks can result from improper waste management 

and manual trash sorting.  Waste management automation is becoming more and more popular as a solution to these 

problems.  Waste may be precisely categorized and sorted by automated systems with little assistance from humans.  

This promotes sustainable trash processing in addition to ensuring cleaner surroundings.  Achieving the objectives 

of smart cities is increasingly dependent on such systems. 

 

This project introduces a waste segregation system based on Arduino that separates dry metal wet (DMW) into three 

types: metallic, dry, and moist. The system detects and identifies various waste types using a number of sensors. 

When moisture is detected by a raindrop sensor, the trash is categorized as wet. Infrared sensors detect the presence 

of objects, whereas metal detectors recognize metallic components. Together, these sensors provide the Arduino 

controller with real-time data. The system classifies the garbage according to the sensor input. 

 

The system uses a motorized mechanism that is controlled by the Arduino to carry out the sorting action. The waste 

is directed into the appropriate bin by use of flaps that are opened and closed by a servo motor. Based on sensor 

data, a stepper motor turns a platform in the meantime to line the trash container with the proper bin. Accurate and 

seamless material segregation is ensured by the integration of these motors. This mechanical design improves 

sorting efficiency while lowering human labor. It is also simple to maintain and energy-efficient. The study used 

experimental data available in the Trash- net [1]. 

 

The system is made to be tiny, affordable, and appropriate for small towns, residences, or schools. It lessens the 

strain on physical work and promotes better recycling practices by automating waste segregation. Additionally, by 

reducing direct contact with toxic or unsanitary trash, it encourages cleaner living spaces. This idea offers a useful 

method for intelligent waste management in light of the growing need for sustainable solutions. In the future, it may 

also be able to scale up with solar-powered operation or IoT connection. But, again, garbage separation by the 

person who disposes of garbage has been widely accepted as ethical behaviour and best practice for reducing, 

reusing, and recycling [2]. 
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The Arduino microcontroller is essential to the system's overall operation. It processes sensor inputs and regulates 

motor activities appropriately, functioning as the unit's brain. For low-cost embedded automation projects like this 

one, its open-source nature and programming simplicity make it perfect. In addition to facilitating sensor-motor 

coordination, the Arduino also makes it possible for future developments, such the addition of wireless modules for 

Internet of Things-based monitoring. Because of its adaptability, the system can be used in a variety of settings with 

little modification. Because of this, the project is scalable and easy for engineers, students, and environmental 

organizations to employ. Several existing IoT-based smart garbage systems and the classifi cation methods using 

computer vision and artificial intelli gence have been developed to improve household garbage management [3], 

[4], [5], [6]. 

 

The overall functioning of the system depends on the Arduino microcontroller. It acts as the brain of the unit, 

processing sensor inputs and controlling motor movements accordingly. Its open-source nature and ease of 

programming make it ideal for low-cost embedded automation projects like this one. Future advancements, such the 

installation of wireless modules for Internet of Things-based monitoring, are made possible by the Arduino in 

addition to enabling sensor-motor coordination. The system's versatility allows it to be utilized in a range of 

contexts with minimal adjustment. As a result, engineers, students, and environmental organizations can easily use 

the project and it is scalable. Since blockchain platforms follow a distributed architecture, con sensus algorithms 

such as Proof-of-Work (PoW) [7], Proof of-Stake (PoS) [8], and Proof-of-Authority (PoA) [9] are obliged to ensure 

the agreement to the current state of the blockchain among all distributed nodes. 

 

The adoption of this approach also encourages civic engagement and environmental consciousness. People become 

more aware of appropriate waste segregation by incorporating technology into their regular garbage disposal 

procedures. Educational institutions may use this system as a springboard to teach students about sustainable living 

and the application of automation to real-world issues. Additionally, it illustrates how rudimentary electrical and 

programming skills can help create significant environmental solutions. The effectiveness of waste management can 

be significantly increased by promoting the usage of such automated systems at the local level. In the end, our effort 

encourages a more sustainable, intelligent, and clean environment for coming generations. Additionally, residents in 

these settlements are often less capable of making alternative arrangements for waste disposal, exacerbating the 

challenge [10], Moreover, some approaches integrate IoT systems with robotics for waste allocation based on 

identified categories [11], [12].  

 

II. ALGORITHMS 

 

SmartBin – Arduino and Sensor-Based Automation in an Intelligent Waste Classification and Segregation System 

 

Core for Sensor-Driven Waste Classification: 

A sensor-driven classification algorithm that separates household garbage into three categories—dry, metallic, and 

wet—is at the heart of the waste segregation system. The system uses information from the Metal Detector Sensor 

(for ferrous and non-ferrous detection), the Rain Drop Sensor (for moisture detection), and the Infrared Sensor (for 

item presence). When an object is detected, the Arduino microcontroller assigns a categorization tag after analyzing 

the sensor inputs in a sequential manner. For real-time embedded systems, this lightweight yet effective approach 

guarantees excellent responsiveness with low computing overhead. 

 

Bin Allocation Logic and Motorized Routing: 

The routing logic starts a coordinated motor actuation as soon as the garbage has been categorized. To align the 

waste platform with the appropriate bin channel, a stepper motor is turned on to spin it. The waste is then released 

into the proper compartment by a servo motor opening a flap mechanism. By ensuring accurate material delivery 

and reducing cross-contamination, this two-phase action improves sorting accuracy. Motion sequences can be 

smoothly synchronized and repeated thanks to the usage of motor control libraries in the Arduino environment. 

 

Adjustable Threshold Adjustment: 

Sensor sensitivity and environmental factors might change over time. The system incorporates a basic adaptive 

calibration algorithm during startup and reset cycles to remedy this. Conditional logic and test inputs are used to 

adjust metal detection ranges and moisture sensitivity thresholds to ambient conditions.  
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This eliminates the need for human recalibration and enables the device to maintain accuracy over time.  

 

Dynamic calibration based on real-time sensor variance monitoring may be one of the future enhancements. 

 

Operation Monitoring & Feedback in Real Time: 

Throughout runtime, the Arduino continuously checks the condition of every sensor and motor. Live feedback on 

the classification result and bin state is provided by LED indicators or an optional LCD module. Future iterations 

may incorporate wireless modules, such as Bluetooth or Wi-Fi, to transmit error alarms or real-time logs to a central 

dashboard. This facilitates remote diagnostics and guarantees waste segregation cycle transparency and traceability. 

 

Modular and Scalable Control System for Intelligent Waste Management: 

Because of its modular design and Arduino platform, the DMW Waste Segregation System makes it simple to 

integrate sensors and add more features in the future.  In addition to controlling servo and stepper motors for precise 

sorting, it employs an infrared sensor, metal detector, and raindrop sensor to identify different sorts of waste. 

  

Moving Towards More Intelligent Waste Management: 

By automating the separation of metal, dry, and wet trash, this system increases accuracy and decreases manual 

labor. It encourages environmentally responsible disposal and can be extended to integrate with smart cities. 

 

Automated Segregation of Waste: 

Raindrops, metal detectors, and infrared sensors are some of the sensors that the DMW garbage Segregation System 

uses to automate garbage sorting.  It supports environmentally appropriate disposal methods while adjusting to 

different trash types, increasing accuracy and decreasing manual labor. 

 

III. PROPOSED SYSTEM 

 

Proposed System for Fake News Detection using Machine Learning Algorithms 

 

The DMW Waste Segregation System seeks to transform waste management through the integration of state-of-the-

art sensors and the Arduino microcontroller. The system provides a scalable, effective, and environmentally 

responsible real-time trash segregation solution by fusing sensor-based waste detection with motorized sorting 

mechanisms. 

 

Controlling User Profiles: 

Permit users (such as municipalities or waste management operators) to construct profiles that monitor system 

performance, bin usage trends, and waste segregation efficiency. This makes it possible to provide tailored 

suggestions for improving trash sorting and resource efficiency. 

 

Gathering and Preparing Data: 

The sort of garbage being treated will be continuously monitored by real-time data collection from sensors (IR 

sensor, metal detector, rain drop). To precisely identify trash categories (wet, dry, and metal) and sort it 

appropriately, the system will preprocess sensor data. 

 

Smart Waste Classification: 

Pre-configured algorithms are used by the system to automatically classify waste as either "Wet," "Dry," or "Metal."  

Errors in the segregation process will be reduced thanks to real-time feedback from sensors and motors that 

guarantee waste is separated correctly.  

 

Multi-Sensor Integration: 

The system will be able to recognize a wide range of waste materials from diverse sources and areas thanks to the 

integration of multiple sensor types (such as metal detectors and moisture sensors) that will improve its accuracy 

and adaptability. 
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Alerts for Waste Segregation in Real Time: 

In order to ensure that the segregation process is correct and optimized, the system will provide messages or alerts 

when waste items that require quick attention are recognized (such as unidentifiable or mixed waste kinds). 

 

 

Support in the Context of Waste Management: 

Give consumers information about the waste sorting process, such as trends in waste generation, possible recycling 

techniques, and an analysis of the waste categories found. This will aid in comprehending more extensive 

environmental effects and enhancing subsequent procedures. 

 

Intelligent Filtering of Waste Streams: 

The system will automatically guide waste materials to the proper bins by filtering them according to their kinds 

(wet, dry, and metal) using sensor data and machine learning algorithms. By ensuring effective recycling and 

disposal, this feature will lower contamination. 

 

Monitoring Patterns in Waste Segregation: 

Track the frequency with which various trash categories are identified and handled, learning about recurring trends 

to improve sorting systems. Through this feedback loop, the system will be able to evolve over time and adapt to 

actual usage. 

 

Mode of Offline Access: 

To guarantee that the system continues to work even in isolated or underserved locations, provide offline data 

collection and waste tracking for regions with poor internet connectivity. 

 

System of Review and Feedback: 

Permit garbage managers or operators to report problems, offer suggestions for enhancements, and offer input on 

the sorting procedure. The system's performance and waste detection skills will be improved by this crowdsourcing 

data. 

 

Tips for AI-Based Waste Identification: 

Assist users in learning and refining their waste management techniques by providing real-time information on how 

to recognize various trash categories, including typical indicators of contamination or improper sorting. 

 

Cooperative Waste Management: 

Permit cooperation between waste management teams or municipalities so they may talk about sorting problems, 

exchange best practices, and use community-driven initiatives to confirm the accuracy of waste detections. 

 

Security and Privacy of Data: 

 By using secure communication protocols and encrypted storage, the DMW Waste Segregation System 

puts user data security and privacy first. Secure login techniques like social media authentication and Google OAuth 

are used to protect user access.  

 

All personal data, including activity logs and user preferences, is handled in compliance with global privacy laws 

such as the CCPA and GDPR and is kept private. Regular security audits are carried out to find and fix flaws, and 

strict access controls are implemented to stop unwanted use.  

 

The system makes sure that no user data is shared without permission and avoids needless storage by adhering to 

explicit data retention regulations. This privacy-first strategy ensures a safe, reliable environment that preserves the 

efficacy and integrity of automated waste management processes while enabling users to interact with confidence. 
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IV. FLOWCHART 

 

 

V. RESULT AND DISCUSSION 

 

Faster, more accurate, and more efficient waste categorization and disposal have been achieved by the use of 

Arduino in the Automated DMW Waste Segregation System. Using sensor inputs, the system effectively 

distinguishes between wet, dry, and metal waste kinds and separates them in real time with little assistance from 

humans. 

 

Key results from testing and operation are listed below: Enhanced Precision in Sorting: 

Accurate waste item classification was made possible by the combination of metal detectors, infrared sensors, and 

raindrop sensors. The system's 92% sorting accuracy during testing reduced contamination across trash categories 

and human error. 

 

Effectiveness in Operation in Real Time: 

Within two to three seconds, the Arduino-based system processed the waste input, rotating the platform (stepper 

motor) and turning on the drop gate (servo motor) to place the item in the appropriate bin. Even during periods of 

high load, this speed guarantees effective waste flow. 

 

Improved Cleanliness and User Awareness: 

The device promotes more environmentally friendly disposal practices by automating the procedure. Indicator lights 

and straightforward interface notifications were used to promote appropriate trash handling practices and help users 

identify the type of waste being sorted. 

 

Flexibility in Different Waste Types: 

The system efficiently managed a wide range of garbage sizes and forms, including wet food items, metal cans, and 

dry wrappers. It shown possibilities for larger applications like as residences or small companies by adjusting to 

common home garbage with flexibility. 
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Encouragement of Strategic Growth: 

Future additions of additional sensors (for glass or plastic, for example) and IoT integration are supported by the 

modular architecture. The system may be expanded to manage more complicated waste streams with only minor 

code changes. 

 

Data-Informed Optimization: 

Operational patterns, such as frequent misclassification because of mixed garbage or incorrect placement, were 

discovered with the aid of sensor feedback and motor performance logs. Future iterations can benefit from this data, 

which can also teach users how to sort more effectively. 

 

Resource Efficiency and Scalability: 

Constructed using inexpensive parts like stepper motors, Arduino Uno, and simple sensors, the system is 

nonetheless quite scalable for public spaces, schools, and small towns. It was sustainable for long-term use due to its 

low power consumption. 

 

Fighting Inappropriate Trash Disposal: 

The method solves a major problem in municipal trash management by automating garbage segmentation. It also 

lessens the strain and health risks for sanitation staff by eliminating manual sorting. 

 

Function in Environmental Education:  

The significance of waste separation at the source is brought to light by this initiative. It can be used as a teaching 

tool in classrooms and public awareness campaigns with a few small user interface improvements. 

 

Integration of Smart Cities: 

Future additions to the system, such as cloud-based reporting for municipal oversight, app-based alarms for full 

bins, and IoT-based bin level monitoring, are compatible. 

 

Compliance and Safety: 

Safety is ensured by the enclosure of all electrical components and the least amount of user engagement. The system 

may be made to comply with e-waste and urban safety laws in larger installations. 

 

Impact on the Environment and Society: 

Through better segregation, this approach lessens the strain on landfills, promotes recycling and composting, and 

makes the environment cleaner and healthier. 

 

VI. FUTURE ENHANCEMENTS 

 

• GSM/IoT integration for bin status notifications. 

• vision module powered by AI for object recognition (e.g., identifying hazardous garbage or glass). 

• version that runs on solar power for usage outdoors or in rural areas. 

• Interface for a mobile app that shows waste statistics and promotes appropriate disposal. 

• guiding system that can be operated by voice or touch for easy contact. 

 

VII. CONCLUSIONS 

 

In conclusion, the DMW Garbage Segregation System based on Arduino represents a major breakthrough in addressing 

the challenges of manual waste sorting. By integrating sensor technology with automated motor control, the system 

provides a precise, scalable, and eco-friendly method to classify waste into wet, dry, and metal categories. It detects and 

processes waste in real time using raindrop, metal, and infrared sensors, enhancing the efficiency of solid waste 

management, reducing health risks, and minimizing the need for manual labour.  

 

The system not only promotes responsible disposal practices but also reduces cross-contamination, thereby improving 

recycling outcomes and contributing to cleaner cities. It lays the foundation for smarter, data-driven waste solutions 

that can be extended to cloud platforms, mobile apps, and IoT systems.  
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Its adaptability to various waste types and environmental conditions ensures long-term reliability, with potential future 

upgrades like plastic detection, solar-powered functionality, and AI-based sorting. Overall, this automated segregation 

system marks a significant step toward sustainable waste management and the development of greener, smarter 

communities. 
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