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ABSTRACT: The rapid increase in the generation of solid and hazardous waste due to continuous
economic growth, urbanization, and industrialization has become a critical challenge for both national and
local governments. In 2006, municipal solid waste generation worldwide was estimated at 2.02 billion
tonnes, reflecting a 7% annual increase since 2003. Improper handling, segregation, and disposal of this
waste pose significant risks to public health, the environment, and resource recovery. In many countries,
especially India, waste segregation is still carried out manually by rag pickers, exposing them to hazardous
materials and severe health issues such as infections, cancer, and heavy metal poisoning.To address these
issues, this paper proposes the development of an Automated Waste Segregator (AWS)—a cost-effective,
user-friendly system designed for household use. A moisture sensor is used to identify wet waste, a metal
detector sensor for metallic items, and an IR/plastic detection sensor for dry non-metallic waste like plastic.
The segregated waste is deposited into designated bins. When bins are full, notifications can be sent to
authorized personnel and uploaded to the cloud, improving waste collection efficiency. This automated
system not only minimizes health risks and manual while also improving recycling efficiency and
promoting environmental sustainability. The proposed design aims to make household-level waste
segregation accessible, practical, and scalable for broader municipal waste management systems.

Keywords: Waste Management, Arduino Uno, Metal Detector Sensor, Moisture Sensor, Plastic Detection,
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1.INTRODUCTION

Improper disposal of hazardous waste, particularly medical and plastic materials, presents a
significant public health and environmental hazard This research tackles the pressing need for an automated
waste segregation system that reduces human involvement and enhances sorting accuracy. By categorizing
waste into infectious, non-infectious, sharps, and hazardous groups, it becomes easier to manage and reduce
potential harm. Effective segregation not only ensures compliance with health regulations but also promotes
sustainable waste management practices within healthcare facilities. The proposed system leverages
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embedded systems, machine learning, and image processing to enhance current manual processes and enable
efficient recycling and disposal.

Image processing techniques are employed to analyze the physical characteristics of the waste, enabling real-
time classification based on color, texture, and shape. The system ensures efficient sorting, supports safe
disposal protocols, and contributes to effective recycling by reducing cross-contamination. Additionally, it
promotes sustainability by enabling better resource recovery and reducing landfill burden. The automation of
this process not only enhances operational efficiency but also supports compliance with environmental
regulations and biomedical waste management standards.

2.LITERATURE REVIEW

[1] Advanced technologies such as the Intelligent Waste Separator (IWS) utilize image recognition
and machine learning to sort waste, while applications like Spot Garbage employ convolutional neural
networks (CNNs) to detect waste through smartphone images. Additionally, loT-enabled systems with
integrated sensors assist in the smart categorization and collection of waste. Drawing inspiration from these
solutions, the proposed Automated Waste Segregator (AWS) presents a cost-effective, household-level model
using Arduino Uno, metal detectors, and moisture sensors to classify waste into metallic, wet, and dry types.
[2] Varudandi et al. (2021) introduced a smart bin integrated with 10T and machine learning, capable of
detecting and classifying waste automatically. Their system supported cloud connectivity for real-time
monitoring and allowed authorities to track bin status through an Android application.[3] A study on waste
segregation using deep learning showcases automatic waste classification using Convolutional Neural
Networks (CNNSs).[4] Aleena VJ designed a waste segregator that distinguishes between plastic, organic, and
metallic waste using an inductive proximity sensor and a blower mechanism. This Arduino-based system
enhances conveyor belt efficiency by minimizing unnecessary movement. [5] Vijay proposed a mechanical
segregation method using IR and moisture sensors to detect and separate waste into wet and dry categories.
The system includes ultrasonic sensors for monitoring bin fill levels. [6] Rashmi M. Kittali introduced a
PLC-controlled Automated Waste Segregator, providing enhanced accuracy and safety by minimizing human
involvement, especially in hazardous environments. Future improvements may- involve robotic arms for
better sorting efficiency. [7] Uthayakumar et al. developed a real-time monitoring system combining loT
sensors with an Extreme Learning Machine (ELM) algorithm. This system aids in categorizing recyclable
and non-recyclable medical waste, thereby optimizing disposal operations. [8] Some systems leverage
platforms like ThingSpeak for real-time bin level monitoring, triggering alerts when bins are full to improve
collection logistics. [9] Rafeeq et al. (2016) built an Arduino-based waste segregation machine tailored for
the scrap industry. It categorizes plastic, metal, and glass using a conveyor system and a series of sensors:
inductive proximity for metals, capacitive for plastic and glass, and infrared for object detection.

[10] Shetty and Salvi (2020) introduced the SAF-Sutra machine, a smart prototype designed to automate
waste segregation and monitor bin levels. It uses a combination of infrared, metal, and moisture sensors to
classify waste into dry, wet, and metallic types. [11] Pereira, Parulekar, Phaltankar, and Kamble (2019)
developed the Smart Bin, an automated waste management system for households. It features four
compartments—plastic, wet, dry, and wastewater—supporting efficient segregation at the source.

3.METHODOLOGY

The Automated Waste Segregator (AWS) system uses an Arduino Uno microcontroller combined
with various sensors and actuators to automatically sort household waste into wet, dry, and metallic
categories. Waste is introduced into the system through a conveyor belt or main slot, where sensors such as
metal detectors, moisture sensors, and capacitive sensors identify the type of waste. Using this data, the
Arduino analyzes the input and triggers servo motors to guide the waste into the appropriate bin. Advanced
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versions also include a camera and image processing techniques to identify specific materials like plastic or
cotton. Ultrasonic sensors monitor bin levels, and alerts are sent via GSM or 10T modules when bins are full
or emit odors, detected by gas sensors. The system is powered by a stable power supply and includes a reset
mechanism for error handling. It also uploads waste data to the cloud for real-time monitoring, offering an
efficient and affordable solution for household waste management.

3.1 Hardware Components and Integration

The smart waste segregation system utilizes a variety of sensors and hardware components to automate
the classification and monitoring of waste. Key sensors include the capacitive sensor for detecting moisture
to differentiate between wet and dry waste, the inductive proximity sensor for identifying metallic objects via
electromagnetic induction, and the infrared (IR) sensor for object detection on conveyor belts. An ultrasonic
sensor measures bin fill levels by calculating distance to the waste surface, while a rain/moisture sensor
enhances wet waste detection by identifying the presence of liquids. The piezoelectric sensor detects
vibrations and material-specific frequency responses, and a methane/odor sensor identifies gases from
biodegradable waste for classification. A proximity sensor further aids in detecting nearby materials,
especially metals, and a camera module (webcam) captures images for waste classification using image
processing and machine learning techniques. The control and processing system includes an Arduino Uno as
the central microcontroller, a PC or embedded system for running Python scripts and ML models (e.g.,
CNN), an ADC module for converting analog sensor outputs to digital signals, and a relay module for
switching high-power components. Communication and power are managed by a GSM or Wi-Fi module
(e.g., ESP8266) to send real-time alerts and bin status to municipal servers, a power supply adapter for stable
voltage, a voltage regulator for sensitive components, and an optional battery backup to ensure uninterrupted
operation during power failures.

3.2 Data Collection and Processing

The Automated Waste Segregator collects data using sensors like moisture, metal, and IR to classify
waste into wet, metallic, and dry categories.Sensor data is processed by an Arduino Uno, which controls
servo motors to direct waste into appropriate bins.An LCD displays real-time segregation results, and bin
status can be monitored using level sensors.Optional cloud integration allows data logging, alerts, and remote
monitoring for efficient waste management.

3.3 Wireless Transfer of Data to Ground Station

The system uses a wireless module such as ESP8266 or LoRa to transmit data from the waste
segregator to a remote ground station.Collected data includes waste type, bin fill levels, and system status,
sent in real-time or at intervals.The ground station receives and logs this data for monitoring, analytics, and
triggering maintenance alerts.
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Figure 1:Block Diagram of Medical Waste Segregation

4.RESULTS AND DISCUSSION

The system uses a variety of sensors, such as capacitive, inductive, infrared, ultrasonic, and methane
sensors, to detect waste types, measure moisture, and monitor bin fill levels. These sensors continuously
collect data, which is then transmitted via 1oT communication modules like Wi-Fi, LoRa, or GSM, ensuring
real-time updates on waste status. The collected data is processed by microcontrollers or a central system,
which triggers actions such as activating servo motors to direct waste to the appropriate bin and sending
alerts for bin collection when necessary The accuracy of waste classification is largely determined by the
effectiveness of the sensors and machine learning models used. Sensors like capacitive, inductive, infrared,
and ultrasonic sensors play a pivotal role in detecting and distinguishing various waste types based on their
physical properties (moisture, metal content, distance, etc.). Machine learning models, particularly
Convolutional Neural Networks (CNNs), enhance accuracy by analyzing images of waste to classify them
correctly. Since the system is typically embedded with various sensors, motors, and communication modules,
managing the power supply is crucial for sustaining long-term operations without frequent maintenance. A
well-designed power management system ensures that the system can operate efficiently while minimizing
energy consumption. The automation of the system greatly reduces human involvement, enhancing safety by
preventing direct exposure to hazardous medical waste. Additionally, the system integrates 10T technology,
providing real-time monitoring of waste levels and status, which optimizes collection schedules and reduces
operational inefficiencies. While traditional systems may be limited in scope, this solution is highly scalable,
capable of handling diverse waste categories and adaptable to various environments like hospitals and
recycling facilities.
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Figure 3:Bar chart of Medical Waste Segregation
4.1 Data Analysis with Python
Once data from the AWS system is wirelessly transmitted to a ground station or cloud server, it can be
analyzed using Python to gain valuable insights, optimize system performance, and improve operational
efficiency.

Figure 2: Circuit Diagram

The Python script performs:
The performance of a Python script for analyzing data from the Automated Waste Segregator (AWS) is

generally efficient for small to moderate datasets. Tasks like data cleaning and visualization with libraries
such as pandas and matplotlib are quick for datasets containing thousands of records. Machine learning
models in scikit-learn also perform well under these conditions. Performance can be improved by using
vectorized operations, optimizing data types, or switching to faster libraries like Dask or Polars for large
datasets.

4.2 Alerts & Updates

when there are segregation errors, or if sensors or motors malfunction. These alerts can be sent via SMS,
email, or through a cloud-based dashboard, allowing waste management teams to receive real-time
notifications and take quick action. Additionally, the system can send regular updates on waste segregation
statistics, operational status, and maintenance reminders, ensuring smooth and continuous operation.
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4.3 Power Management and Sustainability

Based on sensor inputs, servo motors route the waste to the designated bin, while IoT technology
provides real-time monitoring to enhance waste management and collection efficiency.

4.4 Deployment and Real-World Application

The deployment of the automated waste segregation system in real-world applications, such as hospitals,
recycling facilities, and public spaces, can significantly improve waste management. The system can
efficiently sort waste with minimal human intervention, ensuring higher recycling rates and reduced
contamination.

5.CONCLUSION

The proposed embedded-based waste separation system for sorting medical, metal, and plastic
materials is a highly effective and automated solution aimed at improving waste management processes. By
integrating a combination of sensors, servo motors, and optionally machine learning, the system is capable
of accurately classifying waste materials in real time and sorting them into the appropriate bins. The use of
camera such as image, metal detection, with Python programming on an embedded system like Arduino,
ensures high efficiency and automation. This setup significantly reduces the need for human intervention,
leading to faster and more accurate waste sorting. Furthermore, incorporating machine learning and image
processing can enhance the system's ability to classify more complex waste types, providing greater
flexibility and accuracy in real-world applications. The detector is crucial element of design which helpers
in distinguishing the waste. Failing of which may affect in wrong material running.therefore it becomes
vital that the detector had a veritably high sense of perceptivity and capability to distinguish between
colors. There's a reset button handed on the base which can used to renew the system from the begining
when there's a wedged or hang situation. This work is depicting the prototype of sorting systems which are
used in diligence. The system can be applied across various settings such as hospitals, recycling facilities,
and industrial plants, The real-time sorting of materials reduces contamination, improves_recycling rates,
and supports the goal of reducing the environmental footprint. However, the system's performance could be
influenced by factors such as sensor limitations, environmental conditions, and the complexity of the waste
materials. Despite these challenges, the proposed system offers significant potential for automation in waste
management, with room for continuous improvement and expansion to handle more diverse types of waste
materials and integrate with more advanced technologies. In conclusion, this proposed waste separation
system represents an important step toward efficient, automated, and environmentally responsible waste
management, ultimately contributing to the overall goal of sustainability and waste reduction.

. Efficiency
Parameter Short Description (%)
Lighting Poor lighting leads to unclear images and inaccurate object 70-850%
Conditions detection 0
Waste occlusion Overlapping or covered waste is hard to detect correctly. 60-75%
Camera resolution Low resolution fails to capture small or detailed waste items. 65-80%
Material Similarity Visually alike items le.g., plastie us bioplastic) confuse the 50-70%
model.
Color Variations Dirtor stains change bject color and mislead classification 60-80%

Table 2: Analysis of the Waste Segregation Machine
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6.FUTURE SCOPE

The future scope of this framework is endless. Improvements in sensor innovation and machine learning
calculations seem encourage increment its exactness and versatility, empowering it to classify indeed more
complex squander sorts. Integration with cloud stages seem encourage larger-scale information collection
and examination, making a difference foresee squander era patterns and optimize squander administration
operations. The framework can be advance progressed utilizing profound learning calculations for more
exact squander classification through picture and sensor information combination. Usage of solar-powered
units and energy efficient equipment will improve natural maintainability. Additionally, the framework seem
be extended to handle a more extensive extend of squander sorts past therapeutic and recyclable materials,
possibly consolidating dangerous squander detection
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