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Abstract: Expedited demographic growth and Steady metropolitan growth have considerably hampered conventional city
waste management, resulting in inadequate recycling practices and critical environmental deterioration. Manual waste
segregation takes a lot of time, highly unhygienic, tiresome in terms of workforce, and presents significant health threats
to those working in waste management. Rapid increase in population and Constant urban progress have seriously
hindered conventional public waste management, resulting in poor recycling methods and critical environmental
deterioration. To deal with these concerns, this paper reveals a cutting-edge, machine-oriented Waste Classification
Framework formulated to eliminate human input and increase sorting diligence. The suggested arrangement incorporates
a panel of sensors—including specific moisture detectors and metal detecting devices based on induction—integrated with
an Arduino microcontroller framework. Information-guided assessments indicate that the system supports economical,
nimble, and automated division, dramatically improving recycling throughput and making available a resource-efficient
resolution for city infrastructures, business applications, and home usage.

Keywords: Cutting-edge Waste Disposal, Control Board Platform, Moisture Sensor, Metal Categorization, Automatic
sorting, Intelligent Urban Environment, Sustainability Practices.

L. INTRODUCTION

The contemporary operational model of "Smart Cities” is fundamentally dependent on introducing eco-friendly balance,
autonomous civic resource distribution, and automated public sanitation networks. Solid waste management remains a persistent
global challenge as local municipal units contend with massive daily garbage generation. Currently, the vast majority of urban
administrative blocks employ rudimentary manual segregation methods or basic dump collection bins. These classical procedures
present clear systemic wvulnerabilities due to their extreme reliance on manual processing. This results in extensive sorting delays,
mixed landfills that create catastrophic air and soil pollution, and severe respiratory diseases for human sorters.
Furthermore, traditional processing facilities face major economic bottlenecks because mixing organic (wet) and non-organic (dry)
components reduces the chemical purity of recyclable polymers and scrap alloys. When hazardous metals or highly humid organic
refuse are stored together indiscriminately, the resulting biochemical reactions generate toxic leachate, compounding landfill
management crises. Therefore, there is an urgent socio-technical demand for an automated mechanism capable of evaluating
material properties directly at the municipal point-of-entry without human supervision.
To bridge these critical technological gaps, this study presents an loT-ready, Automated Solid Waste Segregation System. By
combining low-latency microcontroller execution loops with robust physical telemetry, the framework removes the subjectivity and
unhygienic nature of manual sorting. The entry mechanism triggers a continuous hardware evaluation loop that determines moisture
presence and metallic properties in real time. This paper details the hardware topology, automated software control flows, and
structural deployment paradigms designed to establish a hygienic, transparent, and scalable standard for modern electronic
governance and sustainable city maintenance.

1. LITERATURE REVIEW
Right now, waste management often means manual sorting or these huge, expensive plants that just don't work for local spots. Five
academic ideas for sorting car trash.
First, Paper 1. It's about using loT to track how full garbage bins are and has a simple IR sensor to sort stuff. It's good at sending bin
levels to city dashboards. But the sorting gets tricky when things are wet.
Paper 2 tries deep learning with a camera and something called CNNs to tell plastic, paper, and organic waste apart. It works pretty
well for clean, dry items like a plastic bottle. The catch is, it needs expensive gear, and if something's crushed or dirty, the accuracy
tanks.
Then there's Paper 3, which uses sensors to sort metal from non-metal waste. It says it's super good at picking out iron, aluminum,
and steel. The biggest problem here is it totally ignores wet organic waste versus dry stuff.
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Paper 4 talks about PLC-controlled systems, basically heavy-duty conveyor belts for big city operations. It can handle tons of waste
a day with little wear. The downside? The initial cost and upkeep are way too high for smaller places.

Finally, Paper 5 looks at separating wet and dry waste using moisture probes. It shows a moisture level works well for sorting now.
The issue is, the sensors get oxidized from contact with wet waste and need frequent recalibration.

1. PROBLEM STATEMENT
It feels like there's just way more trash happening now, with places getting so built up. Most spots still just dump it all in one big
pile and then deal with it later. That whole process is kind of a disaster for a few solid reasons.
For starters, the folks picking through it all get sick. They're literally handling sharp things, broken glass, and gross stuff. Breathing
problems, skin infections, etc. It's just not a good or right way to handle things.
Then there's the recycling angle. When you get wet food bits mixed with dry paper and cans, the whole lot goes bad fast. Paper can't
be recycled when it's soggy. Metal gets buried so deep in trash it's a pain and costs a lot to get out later with machines. People flub
up when they sort by hand anyway, so a bunch of stuff that could have been recycled just ends up in the dump.
All this unsorted garbage is tough on the planet, too. When it piles up, it makes poison that seeps into the ground and dirties up
water. It also kicks out a lot of greenhouse gases, making climate change worse.
The high-tech automated sorters? Too pricey for most. They cost a ton to get going, eat up a lot of power, and break down a lot. So,
they just aren't an option for smaller spots, like apartment complexes, little shops, or schools.

V. METHODOLOGY
The methodology of the Automatic Waste Segregation System follows a sequential loop of detection, processing, and execution.
The entire workflow can be broken down into five distinct phases:

A. Power Supply and System Initialization

The system is powered using a dedicated Power Supply Unit that distributes required electrical energy to the Arduino board,
sensors, and servo motors.

Upon powering up, the Arduino Uno initializes its code, calibrates the connected sensors, and sets the servo motors to their default
(neutral) starting positions.

B. Waste Sensing Phase (Data Acquisition)

When waste is placed into the detection mechanism, it passes through a multi-sensor array:

o Metallic Sensing: The Metal Sensor checks if the waste object has metallic properties.

e Moisture Sensing: The Moisture Sensor analyzes the object to measure its moisture levels.

C. Processing and Classification (Arduino Logic)
The Arduino Uno Microcontroller acts as the brain of the system, constantly reading inputs from the sensors and processing data
using the following sequential logical conditions:
e Condition A (Metal Test): If the metal sensor outputs a high/positive signal, the Arduino immediately flags the item as Metal
Waste.
e Condition B (Moisture Test): If the metal sensor is negative, the Arduino evaluates the moisture sensor reading.
o If the moisture content exceeds a predefined threshold value, the system classifies it as Wet Waste.
o If the moisture content is below the threshold, it is classified as Dry Waste.

D. Actuation and Mechanical Segregation

Once the waste type is determined, the Arduino generates a Pulse Width Modulation (PWM) signal to control the Servo Motor:
The servo motor rotates to a specific predetermined angle (e.g., 45°, 90°, or 135°%) based on the classification.

This rotation changes the orientation of a chute or platform, physically directing the waste piece into its designated container.

E. Collection Phase
The waste safely drops into one of the three separate designated bins:
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e Bin 1: Wet Waste (Organic waste, food scraps)
e Bin 2: Dry Waste (Paper, plastic, cardboard)
e Bin 3: Metal Waste (Cans, foils, metallic pieces)

V. PROPOSED SYSTEM ARCHITECTURE
The proposed architecture handles everything automatically from the moment waste is dropped in until it lands in the correct bin. It
is split into four functional layers:

A. Power Supply Unit (PSU)

e Function: Provides electrical power to the Arduino board, sensors, and motors for proper system operation.

e Technical Detail: The system requires a regulated power supply. The Arduino Uno typically runs on 5V logic levels via its USB
or Vin port. However, because inductive metal sensors and servo motors can draw more current when actively moving, a
dedicated external power management block is integrated to prevent the Arduino from resetting during high mechanical loads.

B. Input Layer / Sensor Unit

The sensor unit acts as the input data collector for the system. It continuously scans the waste entry point using two primary sensors:

e Moisture Sensor Unit: This sensor works on the principle of measuring the electrical resistance or volumetric moisture level
within the waste material. If an item contains high water content (like food scraps or organic matter), its resistance drops,
flagging it as wet waste.

e Metal Detector Unit: This mechanism utilizes inductive proximity sensing. When metallic waste (like aluminum cans or foil)
enters its localized electromagnetic field, eddy currents are induced, sending a distinct high digital signal to the controller.

C. Processing Layer / Arduino Controller
e Function: The Arduino microcontroller acts as the central hub of the system, processing sensor data and controlling overall
operations.
e Technical Detail: It runs an endless polling program written in Embedded C via the Arduino IDE. The controller continuously
checks the incoming pins.
e The Logic Chain: It evaluates the data through structured priority logic:
Step 1: If the Metal Sensor goes HIGH, the processing core stops further checks and marks the item as Metal.
Step 2: If no metal is found, it reads the value from the Moisture Sensor. If the value crosses a specific calibrated threshold, it
marks it as Wet; otherwise, it defaults to Dry.

D. Output Layer / Actuation & Collection Mechanism

e Motor Mechanism (Servo Motors): Servo motors are integrated into the hardware setup for automatic movement and precise
positioning. The Arduino sends a specific Pulse Width Modulation (PWM) signal to rotate the servo shaft to a precise angle
(e.g., 450, 900, or 1350) depending on the waste category.

e Mechanical Sorting Chute: The servo motor physically shifts a small flap or mechanical ramp. This funnels the falling waste
smoothly into its assigned storage section.

e Waste Collection Bins: The final destination consisting of three separate, dedicated bins configured to store Wet Waste, Dry
Waste, and Metal Waste. Once the item drops, the servo automatically resets the chute back to its home/center position, waiting
for the next object.

E. Key Design Features of the Architecture

e Modular Integration: The hardware configuration isolates input processing from mechanical execution, allowing easy testing
and replacement of individual sensors.

e Optimized Routing: The layout relies on gravity-fed entry, meaning the motor only needs to turn a lightweight chute, keeping
energy consumption low.

e Future-Ready Framework: The architecture provides accessible serial communication pins ($TX$/$RX$), allowing you to
easily add an 10T module (like the ESP8266 or Wi-Fi chip) later for real-time bin level tracking in smart city applications.
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Fig. 1. System Architecture

VI. WORKING MODULE

A. System Initialization and Standby Mode

e Power-Up: When the system is switched on, the Power Supply Unit stabilizes the electrical voltage across the entire hardware
layout.

e Boot Sequence: The Arduino Uno executes its setup script, initializing the communication lines with the sensor array and
setting the data pins.

e Servo Calibration: The microcontroller sends a baseline Pulse Width Modulation (PWM) signal to the servo motor, aligning the
mechanical sorting chute/flap to its neutral, center "home™ position.

e Standby Loop: The system enters a continuous monitoring loop, waiting for an item to be placed into the entry tracking area.

B. Step-by-Step Processing Loop (The Operational Phases)

The core operations run sequentially whenever a piece of waste enters the system:

Phase A: Sensor Data Acquisition (Sensing)

When an object is dropped onto the processing platform, it passes through the tracking zone where the sensors instantly read its

physical characteristics:

e Metal Proximity Scan: The inductive metal sensor generates a localized magnetic field. If the item is metallic, it disrupts this
field, forcing the sensor’s digital output pin to change state (from LOW to HIGH).

e Moisture Content Scan: Simultaneously, the item comes into contact with the moisture sensor probe. This measures the
electrical resistance of the material to gauge its volumetric water content.

Phase B: Decision Matrix (Arduino Core Processing)

The Arduino microcontroller reads these changing signals and processes them using a prioritized algorithmic logic chain:

e Priority 1 (Metal Detection Check): The code checks the metal sensor input first. If the signal is HIGH, the Arduino
immediately interrupts further evaluations and categorizes the object as Metal Waste.

e Priority 2 (Moisture Evaluation Check): If the metal sensor returns a LOW value (non-metallic), the Arduino shifts to the
analog reading from the moisture sensor.
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The microcontroller compares this raw reading against a pre-calibrated threshold value stored in its script.
If the reading is above the threshold, the item is classified as Wet Waste (e.g., organic scraps, wet paper).
If the reading is below the threshold, it is automatically categorized as Dry Waste (e.g., dry plastics, cardboard).

Phase C: Actuation and Mechanical Routing

Once the classification is confirmed, the Arduino translates its software decision into physical action:

e The microcontroller calculates the exact angular rotation needed for that specific waste category.

e It sends the targeted PWM signal to the Servo Motor.

e The servo motor rotates to the precise calibrated angle (for example: e.g., 450, 900, for Dry, or 1350 for Metal), shifting the
position of the sorting flap or chute.

Phase D: Collection and Automated Reset

e Driven by gravity or a minor mechanical push, the waste slides along the angled chute.

e The item drops cleanly into its designated compartment (Bin 1: Wet, Bin 2: Dry, or Bin 3: Metal) without any human
intervention or cross-contamination.

e After a brief programmed delay (allowing time for the object to clear the chute), the Arduino commands the servo motor to
rotate back to its original $0™circ$ home position.

e The system resets and immediately starts polling the sensors again, ready for the next piece of waste.

VIL. RESULT

A. Automated Detection and Sorting Efficiency

The system was successfully implemented and thoroughly tested for efficient waste management. The hardware and software

configuration functioned reliably under real-time conditions:

e Accurate Identification: The integration of specialized sensors allowed the system to effectively detect and differentiate
between wet waste, dry waste, and metal waste.

e Sensor Responsiveness: The moisture sensors accurately evaluated water content levels, while the metal detection mechanisms
immediately picked up ferrous and non-ferrous materials.

e Seamless Logic Execution: Upon receiving sensor data, the Arduino controller successfully processed the information and
controlled the servo motors to direct each piece of waste into its separate designated collection bin automatically.

B. Quantitative and Operational Performance

Compared to traditional manual sorting, the automated system demonstrated distinct operational improvements:

e Reduced Manual Labor: By automating the entire classification process, the system significantly reduced human effort and cut
down the manual labor traditionally required for garbage sorting.

e High Speed and Hygiene: The segregation process proved to be highly accurate, fast, and hygienic compared to traditional
manual sorting methods, which often expose workers to health hazards.

e Eco-Friendly Impact: By sorting the waste cleanly at the source, the automatic operation supported better recycling processes
and minimized environmental pollution caused by improper waste disposal.

C. Practical Feasibility and Cost Analysis

The testing phase confirmed that the project is ready for real-world deployment:

o Reliable Performance: The project demonstrated highly reliable and consistent performance during all testing cycles.

e  Cost-Effective Solution: Built using an economical Arduino Uno core and affordable electronic components, it provides a
highly cost-effective solution for smart waste management applications.

o Versatile Deployments: Because of its compact and scalable design, the system is proved to be ideal for implementation in
homes, industries, public places, and smart city environments to maintain overall cleanliness.
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VIIl.  FUTURE SCOPE & CONCLUSION

A. Conclusion

The implementation of the Automatic Waste Segregation System successfully addresses the critical issues tied to traditional waste

management methods. By moving away from manual segregation—which is historically slow, inefficient, unhygienic, and labor-

intensive—this project introduces a reliable automation model using the Arduino Uno microcontroller.

Key takeaways from the project development and testing phase include:

e High Efficiency & Accuracy: The integration of moisture sensors and metal detection mechanisms proves highly accurate and
fast at identifying and sorting waste into three core categories: wet, dry, and metallic.

e Mitigation of Health Risks: By replacing human intervention at the initial sorting phase, the system keeps waste management
workers safe from direct contact with hazardous substances and infectious diseases.

e Environmental & Economic Value: Providing cleanly sorted materials directly at the collection source prevents non-segregated
trash from overflowing into landfills, lowers sorting operational costs, and boosts recycling efficiency.

e Practical Design: The overall system stands out as an economical, easy-to-operate, and low-maintenance option, making it
perfectly suited for homes, small industries, schools, and busy public areas like railway stations.

In summary, this project provides an eco-friendly and functional framework that successfully achieves automated smart waste

segregation, laying down a strong baseline for cleaner and more sustainable urban ecosystems

B. Future Scope

While the current hardware framework serves as an excellent foundation, the system can be scaled up significantly using advanced

tech modules to fit into modern smart city plans. The following expansions outline the future scope of this project:

1) Internet of Things (10T) Integration

e Real-Time Bin Monitoring: By integrating a Wi-Fi or cellular module (such as the ESP8266 or GSM shield), the system can
connect to a central cloud server.

o Smart Alert Mechanisms: Ultrasonic sensors can be placed inside the collection bins to track fill levels. Once a bin fills up, the
system can automatically send real-time alerts to municipal waste management teams for timely collection, cutting down on
unnecessary truck routes.

2) Artificial Intelligence and Computer Vision

o Complex Material Classification: The current sensor array identifies broad categories (wet, dry, metal) but can struggle with
complex mixed waste. Adding a mini-camera module coupled with Al image processing (like Convolutional Neural Networks
or CNNs) can train the system to identify sub-categories.

e Smart Material Sorting: Al can allow the system to separate clear plastics from colored plastics, isolate paper from cardboard,
and identify glass bottles, which maximizes the value of materials sent to recycling plants.

3) Advanced Sensor Calibration and Multi-Stage Conveyors

e Advanced Material Detection: Future versions can feature industrial-grade sensor suites, including infrared (IR) spectroscopy to
identify different plastic polymer types (e.g., HDPE, PET).

e Industrial Scale Sortation: Upgrading from a single-servo tilting chute to a dynamic, multi-stage motorized conveyor belt
system will allow the setup to process high volumes of mixed waste streams continuously, making it ready for large-scale
recycling plants.

4) Automated Compressors and Renewable Energy Powering

e Solar-Powered Units: To allow remote operation in public parks or streets without relying on the local power grid, the system
can be powered by small, efficient solar panels paired with a rechargeable battery bank.

e Built-In Crushing Mechanisms: Adding automated mechanical crushers inside the dry and metallic bins will compress materials
like plastic bottles and aluminum cans, increasing the bin's holding capacity and reducing how often it needs to be emptied.
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