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Abstract—The increasing volume of waste generated
globally poses significant environmental and health
challenges. Traditional waste management systems
often rely on manual sorting, which is time-consuming,
labor-intensive, and prone to errors. This paper
presents an IoT-based smart bin system that leverages
sensors, machine learning, and automation to
accurately segregate waste into different categories
(e.g.,wet and Metallic). The system uses real-time data
analytics and computer vision to identify waste types
and automate the segregation process. The smart bin is
equipped with Wi-Fi connectivity, enabling remote
monitoring and data analysis. Our system demonstrates
improved waste segregation accuracy, reduced
contamination rates, and enhanced operational
efficiency. The proposed solution has the potential to
revolutionize waste management practices, promoting
sustainability, reducing environmental impact, and
improving public health.

Index Terms—global waste generation, waste management
systems, manual sorting, labor-intensive, computer vision waste
sorting.

I.  INTRODUCTION

Waste management has become one of the major
challenges faced by modern societies due to rapid
urbanization, population growth, and industrial
development. The increase in waste generation has
put pressure on traditional waste collection and
disposal methods, which often involve manual
handling and poor segregation. Improper waste
segregation not only affects the environment but also
poses health risks and hinders recycling processes.
To overcome these limitations, technology-driven
approaches are being introduced, and one such

IJIRT 199725

innovative solution is the IoT-based Smart Bin for
Automatic Waste Segregation.

An IoT-based smart bin is an intelligent waste
management system that uses sensors and
microcontrollers to automatically detect, classify, and
segregate  waste  into  categories such  as
biodegradable, non-biodegradable, and metallic
waste. Sensors like infrared (IR), ultrasonic,
moisture, and metal detectors are employed to
identify the type of waste based on its physical
properties. Once detected, the bin automatically
directs the waste to the appropriate compartment,
reducing the need for manual segregation. This
automation enhances efficiency and ensures proper
disposal and recycling of waste materials.

The integration of the Internet of Things (IoT)
enables the smart bin to communicate real-time data
such as the fill level, waste type, and maintenance
status to a cloud-based monitoring system. This data
can be accessed by

municipal authorities through mobile or web
applications, allowing them to plan timely waste
collection, optimize routes, and prevent overflow of
bins.

Overall, the IoT-based smart bin contributes
significantly to developing smart cities by promoting
automation, cleanliness, and sustainability. It reduces
human effort, improves recycling efficiency, and
supports eco-friendly waste management practices.
Hence, this system represents a smart and sustainable
solution to modern urban waste management
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challenges.

II. LITERATURE REVIEW

Waste segregation remains one of the most pressing
challenges in modern waste management, with
improper disposal leading to environmental
degradation, health hazards, and inefficiencies in
recycling. To address these issues, researchers have
proposed a variety of automated systems that
leverage sensors, machine learning, computer vision,
and IoT technologies to improve accuracy, reduce
human intervention, and promote sustainability.

Madankar et al introduced a programmed waste
segregator that sorts waste into metallic, wet, and dry
categories at the disposal level itself. Using IR and
proximity sensors, combined garbage is detected and
pushed onto a conveyor belt powered by DC motors.
Metallic components are separated with the help of
electromagnets, ensuring effective segregation.
Jayson et al presented Smart Bin, a system capable of
segregating wet and dry waste without human
intervention. It also alerts collection centers when
full, making it suitable for both domestic and public
applications while promoting hygiene and timely
disposal.

Kumar et al proposed a sensor-based segregation
system that classifies biodegradable, metal, and
plastic waste. Their design incorporates gas sensors
to detect methane emissions from biodegradable
waste, alongside Wi-Fi modules for real-time
monitoring. This ensures safe disposal and microbial
control. Shaikh et al focused on simplicity by
developing a machine learning model that classifies
waste based on images uploaded by civic bodies.
This approach enables analysis of disposal habits
across different regions, helping authorities raise
awareness and improve practices.

Pereira et al proposed a Smart Bin that distinguishes
waste based on capacitance and infrared
spectroscopy, effectively separating wet waste and
plastics. Shetty et al advanced the field by applying
deep learning and machine vision to segregate solid
dry waste such as plastic bottles,
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aluminum cans, and tetra packs. Their prototype
achieved high-speed sorting of 250 objects per
minute with 96% accuracy, demonstrating scalability
and efficiency.

Rafeeq et al designed an automated segregation
system for scrap industries, capable of separating
glass, metal, and plastic using inductive and
capacitive sensors. Yadav et al combined IoT with
computer vision and deep learning to segregate
municipal waste into organic and recyclable
categories. Their system reduces health risks for
municipal workers by eliminating manual handling,
while also lowering costs and increasing speed.

Varudandi et al proposed a cloud-connected smart
bin system integrated with machine learning. Their
design achieved 75% accuracy in classifying wet and
dry waste, and up to 90% accuracy when segregating
into six categories. The system also includes an
Android application for real-time monitoring,
enabling authorities to manage bins efficiently.

Collectively,  these  studies  highlight  the
transformative potential of automation, IoT, and
artificial intelligence in waste management. By
reducing reliance on manual sorting, these systems
improve segregation accuracy, minimize
contamination, enhance hygiene, and promote
sustainability. They also demonstrate scalability,
from household-level applications to large-scale
municipal systems. The integration of sensors,
machine learning, and cloud connectivity paves the
way for smarter cities, where waste management is
efficient,  data-driven, and  environmentally

responsible.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 16096



© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

III. PLANNING AND SETUP

The development of a smart waste management
system requires a structured methodology that aligns
with established research practices. A systematic
flow beginning with a literature survey ensures that
the design is grounded in prior work and identifies
gaps in existing technologies. Reviewing journals and
case studies provides insights into sensor selection,
machine learning models, IoT integration, and
automation strategies. This stage forms the
theoretical foundation and helps avoid redundancy by
building upon proven approaches.

The next stage, system setup, involves designing both
hardware and software components. Hardware
includes sensors such as infrared, proximity,
capacitive, and inductive detectors, while software
integrates microcontrollers, Wi-Fi modules, and
cloud-based platforms. Journal studies emphasize
modular design, allowing scalability from household
bins to municipal-level systems. Proper setup ensures
that the system can detect waste accurately and
transmit data reliably.

Waste detection is the operational core of the system.
Sensors identify the presence of waste and trigger
mechanical or digital processes. Research highlights
the importance of sensor fusion, where multiple
sensors work together to improve accuracy. For
example, infrared sensors detect object presence,
while gas sensors monitor emissions from
biodegradable waste. This multi-layered detection
ensures comprehensive monitoring.

Waste classification follows detection and is often
achieved through machine learning or rule-based
algorithms. Journals on smart waste systems
emphasize the role of computer vision and deep
learning in distinguishing categories such as wet, dry,
metallic, plastic, or glass. Classification accuracy
directly  impacts  recycling efficiency and
contamination reduction. Systems that achieve high
accuracy, such as Shetty et al.’s deep learning model
with 96% precision, demonstrate the potential of Al-
driven classification.

Data monitoring and alerts represent the integration
of IoT into waste management. Wi-Fi or GSM
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modules connect bins to cloud platforms, enabling
real-time tracking of waste levels. Journals highlight
that alert systems reduce overflow, improve
collection schedules, and enhance hygiene.
Authorities can receive notifications when bins reach
threshold levels, ensuring timely disposal. This stage
transforms waste management into a proactive rather
than reactive process.

Finally, testing validates the system under real-world
conditions. Journal-based methodologies emphasize
iterative testing, where prototypes are evaluated for
accuracy, speed, and reliability. Testing ensures that
the system performs consistently across different
environments, waste types, and usage scenarios. It
also identifies limitations, such as sensor calibration
issues or network delays, which can then be
optimized.

Collectively, this planning and setup theory reflects a
journal-based approach to smart waste management.
Each stage—literature survey, system setup,
detection, classification, monitoring, and testing—
builds upon the previous, creating a robust
framework. By  following  this  structured
methodology, smart waste systems can achieve
improved segregation accuracy, reduced
contamination, enhanced sustainability, and better
public health outcomes. The integration of IoT,
sensors, and machine learning not only automates
waste segregation but also aligns with the vision of
smart cities, where data-driven solutions address
environmental challenges effectively.

IV. HARDWARE AND SOFTWARE USED

Hardware Materials Used

Ultrasonic Sensor

Ultrasonic sensors are used to monitor the fill level of
the waste bins. These sensors work by transmitting
ultrasonic sound waves and measuring the time taken
for the echo to return after hitting the waste surface.
In this project, ultrasonic sensors help determine
whether the bin is empty, partially filled, or full. This
information is essential for generating alerts and
avoiding overflow conditions. The sensors are
suitable because they are cost-effective, non-contact
based, and provide accurate distance measurement
even in dusty or dark environments.
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Metal Sensing Sensor

The metal sensing sensor is used to detect metallic
waste such as cans, foils, and small metal objects. It
operates based on electromagnetic induction, where
the presence of metal alters the magnetic field
generated by the sensor. This material is crucial for
identifying recyclable metal waste and separating it
from other waste categories. The metal sensor
improves segregation accuracy and supports efficient
recycling practices.

Moisture Sensor

The moisture sensor is used to identify wet waste by
measuring the moisture content present in the waste
material. Wet waste generally includes food waste
and biodegradable materials, while dry waste
includes plastics, paper, and metals. By using this
sensor, the system can distinguish between wet and
dry waste effectively. Moisture sensors are suitable
due to their simple construction, fast response, and
compatibility with microcontroller systems.

Arduino UNO R3

The Arduino UNO R3 is the main control unit of the
smart bin system. It acts as the brain of the project by
receiving data from all sensors, processing the
information, and controlling the output devices such
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as servo motors and LEDs. The Arduino UNO is
widely used because of its user-friendly
programming environment, stable performance, and
sufficient input/output pins. It supports real-time
decision making and ensures smooth coordination
between sensing, segregation, and communication
processes.

Servo Motor

The servo motor is used as the primary actuator in the
segregation mechanism. It provides precise angular
movement required to rotate flaps or gates inside the
bin. Based on the waste classification results, the
Arduino sends control signals to the servo motor,
which directs the waste into the appropriate bin
compartment. Servo motors are suitable because of
their accuracy, reliability, low power consumption,
and ease of control using PWM signals.

ESP Wi-Fi Module

The ESP Wi-Fi module enables [oT connectivity in
the smart bin system. It allows the system to send
real-time data such as fill levels, waste type, and alert
notifications to a cloud server or mobile application.
This module is suitable due to its compact size, low
cost, and strong wireless communication capabilities.
IoT connectivity enhances system monitoring,
enables remote access, and supports smart city waste
management initiatives.

ESP32 DEVKIT V1 - DOIT

version with 30 GPIOs
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LED Indicators

LEDs are used as visual indicators to show system
status such as power availability, waste detection, or
bin full condition. They provide instant feedback to
users and operators. LEDs are suitable because they
consume very low power, have a long lifespan, and
are easy to integrate with microcontroller systems.

Power Supply Components

A 12V DC adapter is used as the main power source
for the system. A DC-to-DC converter is used to step
down the voltage efficiently to required levels for
different components, especially the servo motor.
The 7805 voltage regulator provides a stable 5V
output, which is essential for the Arduino, sensors,
and Wi-Fi module. Proper power management
ensures system safety, prevents component damage,
and improves overall reliability.

Software Usage

Arduino IDE

The Arduino Integrated Development Environment
(IDE) is used to write, compile, and upload programs
to the Arduino UNO R3. The software is user-
friendly and supports C/C++-based programming. It
allows easy interfacing of sensors, motors, and
communication modules using built-in libraries. The
Arduino IDE plays a key role in implementing sensor
logic, waste classification algorithms, servo motor
control, and data communication.

Embedded C Programming

Embedded C is used to program the microcontroller
logic. It enables efficient handling of sensor data,
conditional decision making, and real-time control
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operations. Through embedded C programming,
threshold values for moisture detection, metal
sensing, and bin level monitoring are defined. The
software ensures accurate and fast execution of
segregation decisions.

Wi-Fi Communication Protocols

The ESP Wi-Fi module uses standard communication
protocols such as HTTP or MQTT to transmit data to
cloud platforms. These protocols ensure secure and
reliable data exchange between the smart bin and
remote servers. The software configuration enables
continuous monitoring and alert generation.

Cloud Platform / Mobile Application

A cloud platform or mobile application is used to
display real-time data such as bin fill status, waste
category, and alert notifications. This software layer
allows authorities and waste management teams to
monitor multiple bins remotely. It improves response
time, optimizes collection routes, and supports data-
driven waste management decisions.

V. SPECIFICATION

1. Sensors and Detection Modules

The sensing unit forms the foundation of the IoT-
based smart bin system, as it is responsible for
detecting waste and identifying its characteristics.
Ultrasonic sensors are used to measure the fill level
of each bin by emitting ultrasonic sound waves and
calculating the distance based on the reflected echo.
This helps in monitoring how full the bins are and
prevents overflow.

A metal sensing sensor is integrated to detect metallic
objects using electromagnetic induction, enabling the
system to separate metal waste from non-metal waste
efficiently. Additionally, a moisture sensor is used to
measure the moisture content in the waste, which
helps in distinguishing wet waste from dry waste.
These sensors work together to ensure accurate
detection, classification, and monitoring of waste in
real time.

2.Control and Processing Unit

The Arduino UNO R3 acts as the central processing
unit of the smart bin system. It receives input signals
from all the sensors and processes the data using
preprogrammed logic. Based on the sensor readings,
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the Arduino makes decisions regarding waste
classification and segregation.

The microcontroller also controls the actuation
mechanisms such as servo motors and manages
communication with the IoT module. Its ease of
programming, reliability, and wide support make it
suitable for real-time embedded applications. The
Arduino ensures coordinated operation of all
hardware components and maintains system stability
during continuous operation.

3.Segregation Mechanism and Actuators

The segregation mechanism is a crucial part of the
system, as it physically directs waste into the correct
bin. A servo motor is used to control the movement
of flaps or channels inside the bin. Servo motors are
preferred because they provide precise angular
control, allowing accurate and repeatable positioning.
Based on the classification results from the sensors,
the Arduino sends control signals to the servo motor,
which then rotates to guide the waste into the
designated compartment. This automated process
reduces human involvement and improves the
efficiency of waste segregation.

4.1oT Communication Module

The ESP Wi-Fi module enables internet connectivity
for the smart bin, making it an IoT-enabled system.
This module allows the bin to send real-time data
such as fill level, waste type, and system status to a
cloud platform or mobile application.

Alerts and notifications are generated when the bin
reaches a predefined threshold level, enabling timely
waste collection. Remote monitoring improves
operational efficiency and helps maintain cleanliness
and hygiene in public and residential areas.

5.Power Supply and Voltage Regulation

A stable and reliable power supply is essential for the
continuous operation of the system. A 12V DC
adapter is used as the primary power source. A DC-
to-DC converter steps down the voltage to suitable
levels for different components, especially the servo
motor.

Additionally, a 7805 voltage regulator provides a
constant S5V  supply to sensitive electronic
components such as sensors and the Arduino board.
This power management setup ensures safe
operation, prevents voltage fluctuations, and
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enhances the overall reliability of the system.
VI. RESULTS AND CONCLUSION

The proposed IoT-enabled smart dustbin system was
evaluated for its effectiveness in automating waste
segregation and monitoring fill levels. Initial testing
demonstrated that the system successfully
differentiated between organic and metal waste using
the conductivity and metal sensors, respectively.

The conductivity sensor exhibited high accuracy in
detecting organic waste, with a response time of less
than 1 second, ensuring real-time classification.
Similarly, the metal sensor efficiently identified
metal objects, achieving a detection accuracy of
approximately 95%, which is crucial for effective
recycling.

The ultrasonic sensor for fill-level detection
provided precise measurements, with a deviation of
less than 5% from actual fill levels. This allowed the
system to send timely alerts about when a dustbin
was approaching full capacity, significantly reducing
the risk of overflow.

The integration of these sensors with an Arduino
microcontroller ensured smooth data processing and
communication. Data collected from multiple
dustbins was sent to the cloud via Wi-Fi, LoRa, or
Zigbee, depending on the deployment environment,
with no noticeable latency in data transmission. The
cloud platform successfully aggregated the sensor
data, providing waste management authorities with
real-time insights into the status of multiple dustbins.
This allowed for optimized waste collection
scheduling, reducing unnecessary trips and ensuring
that bins were emptied before reaching critical levels.
From an energy perspective, the system performed
efficiently, with the solar panel power supply
maintaining system operation throughout the day and
night, even in remote or outdoor environments. The
low-power design of the system, including energy-
efficient sensors and controllers, contributed to the
sustainability of the solution. When used with
rechargeable batteries, the system could operate
continuously for over 48 hours without requiring
recharging, making it highly suitable for urban and
suburban deployments.

In terms of scalability, the system showed strong
potential for expansion. As more dustbins are
deployed, the cloud platform can easily integrate
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additional devices and sensor data, making the
system adaptable to larger urban waste management
networks. Furthermore, the data analytics module
demonstrated its ability to provide valuable insights
into waste generation patterns, offering predictions
for waste volumes based on historical data.

This predictive capability can help optimize waste
collection routes, reducing both operational costs and
carbon emissions.

However, there were some limitations. While the
metal sensor worked well for detecting common
metallic objects, its sensitivity to different metal
alloys varied, which may need further calibration for
different regions or waste types.

Additionally, although the conductivity sensor
accurately detected organic waste in most cases,
certain types of organic waste with similar
conductivity properties to non-organic materials
posed minor challenges in classification. These
limitations could be addressed through improved
sensor calibration or the integration of additional
sensors, such as gas or temperature sensors, to further
refine waste type classification.

Overall, the results indicate that the proposed system
is a reliable and efficient solution for smart waste
management. It provides significant improvements
over traditional waste management systems,
enhancing waste segregation, monitoring, and
collection processes, while contributing to
sustainability and cost reduction in urban areas.

The IoT-enabled smart dustbin system represents a
significant advancement in waste management,
combining real-time waste segregation, level
monitoring, and cloud-based data analysis to improve
operational efficiency. Through the integration of
conductivity, metal, and ultrasonic sensors, the
system successfully automates waste classification
and optimizes waste collection schedules, leading to
more efficient recycling and waste disposal
processes. The system’s energy-efficient design,
supported by solar power, ensures sustainability and
reduces the need for frequent maintenance.
Furthermore, the cloud integration allows waste
management authorities to monitor multiple dustbins
across a city, facilitating data-driven decision-making
and optimized collection routes. Despite minor
limitations related to sensor calibration for specific
waste types, the system has proven to be highly
reliable and scalable. Its ability to provide real-time
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waste data not only enhances operational efficiency
but also contributes to cleaner, more sustainable
urban environments. Future improvements, such as
further sensor calibration and the addition of more
sophisticated sensors, could enhance the accuracy
and versatility of the system. Overall, the IoT-
enabled smart dustbin system offers a promising
solution to modernize waste management, reduce
environmental impact, and pave the way for smarter,
more sustainable cities.
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