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Abstract: Proper waste management is vital in growing
cities to reduce health risks and environmental damage.
India produces nearly 42 million tons of solid waste
every year, much of which is dumped in the open. When
wet and dry waste mix, they decompose and emit
harmful greenhouse gases. Sorting waste into wet, dry,
and metal categories at the source helps minimize
pollution and encourages recycling. The proposed
automated waste segregation system uses IR sensors to
detect the type of waste. A servo motor then shifts the
appropriate bin—metal, wet, or dry—into place for
disposal. This automation enhances accuracy, reduces
manual mistakes, and supports sustainable waste-
handling practices.
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L INTRODUCTION

The growing volume of municipal solid waste
(MSW) has placed significant pressure on existing
waste management systems, especially in rapidly
developing urban regions. Effective source-level
segregation is essential for improving recycling
efficiency, decreasing landfill dependence, and
promoting environmentally sustainable waste
handling. Traditional manual sorting is often
inefficient, inconsistent, and poses health risks to
workers, emphasizing the need for automated and
intelligent technologies.  The
Automatic Waste Segregation System developed in
this project aims to streamline the separation of
mixed waste using an integrated sensing and
actuation setup. The system employs infrared (IR)

waste-sorting

sensors, moisture sensors, and metal-detection units
to distinguish between dry, wet, and metallic waste
categories. These sensor inputs are processed by a
microcontroller that implements a decision-making
algorithm to classify the waste accordingly. Once the
waste type is identified, a servo-controlled
mechanical assembly repositions the correct bin
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beneath the chute to ensure accurate disposal.
Through the use of real-time sensing and automated
control, the system reduces the need for manual
intervention, enhances classification precision, and
improves overall efficiency. This work highlights the
potential of embedded electronics, automated
mechanisms, and affordable sensors in solving
practical waste management issues. Additionally, the
system offers a flexible platform for future upgrades,
including conveyor-based input, machine learning—
driven recognition, and IoT-enabled monitoring,
paving the way for advanced smart waste
management solutions. Effective waste management
has emerged as a major global concern due to the
accelerating rate of urbanization and economic
development. Municipal solid waste generation is
rising rapidly, placing immense pressure on existing
waste treatment and processing infrastructures. Many
developing countries struggle with inadequate waste
segregation practices at the household, community,
and municipal levels. Improper disposal and mixing
of waste categories often lead to environmental
degradation, health hazards, and increased landfill
burden. Manual waste segregation remains the most
commonly practiced method, but it is highly
inefficient and labor-intensive. Workers involved in
manual sorting are exposed to toxic chemicals,
infectious materials, and sharp objects, making the
process hazardous. Additionally, human error and
fatigue significantly reduce the accuracy and
consistency of manual waste classification. As waste
streams diversify with plastics, electronic waste,
organic matter, and metals, traditional segregation
methods have become increasingly ineffective. This
growing complexity highlights the urgent need for
advanced technological solutions that can automate
the segregation process. Automation enables faster
processing, reduces health risks, and enhances the
overall reliability of waste-handling operations.
Technologies such as embedded systems, artificial
intelligence, and sensor-based detection play a
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crucial role in developing modern waste management
solutions. Smart segregation systems can identify
waste based on physical, chemical, or visual
characteristics, enabling precise routing of materials.
The Automatic Waste Segregation System designed
in this project aims to provide an efficient and
practical alternative to manual sorting. This system
integrates multiple sensing technologies to
automatically distinguish between biodegradable,
recyclable, and non-recyclable waste. Infrared (IR)
sensors are used to detect dry waste by analyzing its
reflective properties. Moisture sensors measure the
water content of materials to determine whether the
waste is wet or biodegradable. Inductive sensors
identify metallic components by generating
electromagnetic fields and detecting changes caused
by metal objects. These sensors work together to
create a robust classification mechanism that operates
in real time. All sensor outputs are transmitted to a
microcontroller that processes the signals through a
predefined  decision-making  algorithm.  The
microcontroller analyzes the inputs and determines
the appropriate waste category for each item. Once
the classification is complete, a servo-driven
mechanical mechanism adjusts the position of the
waste bins. The correct bin is automatically aligned
with the waste chute, ensuring accurate disposal
without human intervention. This automated
actuation system significantly improves efficiency by
reducing the time required for segregation. For
materials that are visually complex or ambiguous, the
system can incorporate an optional image-
recognition model. Such an approach offers higher
reliability compared to traditional sensor-only or
vision-only systems. The flexibility of the system
allows it to be adapted for domestic, commercial, or
industrial ~ applications. By automating the
segregation process, the system reduces dependency
on manual labor and minimizes occupational hazards.
It also improves recycling efficiency by ensuring that
waste is sorted accurately at the source. This
contributes to a circular economy where materials
can be reused or repurposed with minimal
processing. Low-cost sensors and microcontrollers
ensure  affordability = without  compromising
performance. Furthermore, the system can be
enhanced with IoT connectivity for remote
monitoring and performance analysis. loT-based
monitoring would enable municipalities and waste
authorities to track waste patterns in real time. Such
data-driven insights can support better decision-
making in waste collection and recycling operations.
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The system can also be integrated with conveyor
belts or automated feeding units in industrial waste
processing plants. With suitable modifications, it
may be deployed in smart bins for households or
commercial establishments. These smart bins could
automatically sort waste and alert authorities when
they are full. The development of such intelligent
waste management solutions aligns with the goals of
smart city initiatives. Smart waste technologies
contribute to cleaner urban environments and more
sustainable living conditions. They also reduce the
environmental footprint by minimizing greenhouse
gas emissions from improperly mixed waste. The
Automatic Waste Segregation System presented in
this project demonstrates how embedded electronics
and automation can address real-world challenges.
By enhancing accuracy, reducing human exposure to
hazards, and improving recycling efficiency, it
provides a viable path toward sustainable waste
practices. Overall, this system represents an
important step toward modern, technology-driven
waste management models suitable for future urban
development. The rapid increase in municipal solid
waste (MSW) generation has created substantial
challenges for waste treatment infrastructures,
particularly in developing urban environments.
Efficient waste segregation at the source is a critical
requirement for optimizing downstream recycling
processes, reducing landfill load, and enabling
environmentally sustainable waste management.
Conventional manual segregation is labour-intensive,
inconsistent, and exposes workers to hazardous
materials, highlighting the need for automated and
intelligent sorting systems. The Automatic Waste
Segregation System presented in this project is
designed to automate the classification of mixed
waste using an embedded sensing and actuation
architecture. The system integrates infrared (IR)
sensors, moisture sensors, and metal detection
sensors to identify wet, dry, and metallic waste types,
respectively. Sensor signals are processed using a
microcontroller that executes a predefined decision
algorithm to categorize the detected material. Based
on the classification outcome, a servo-driven
mechanical mechanism dynamically positions the
appropriate collection bin beneath the waste chute,
ensuring precise routing of the waste item. By
leveraging sensor fusion and real-time control, the
system minimizes human involvement, improves
segregation accuracy, and enhances operational
efficiency. This project demonstrates the
applicability of embedded systems, automated
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control, and low-cost sensing technologies in
addressing real-world waste management challenges.
The proposed system provides a scalable foundation
for future enhancements such as conveyor-based
feeding, machine learning—assisted classification,
and IoT-enabled monitoring, supporting the broader
implementation of smart waste management
solutions.

METHODOLOGY
POWER SUPPLY
T
el )
MOTOR
CONVEYOR
MOISTURE |—| orive |
SENSOR ESP8266
METAL SERVO
DETECTOR MOTOR

Figure 1: Block diagram showing the working
principle of Automatic Waste Segregation System

The various units involved are as follows:

1. Power Supply Unit.

II. Sensor Module

III. ESP8266 Microcontroller

IV. Motor Driver

V. Servo Motor and Bin Positioning System

The Automatic Waste Segregation System relies on a
stable and regulated power supply as its foundation,
providing 5V or 3.3V to all components, including
the ESP8266 microcontroller, IR sensor, moisture
sensor, metal detector, servo motor, and motor driver,
while capacitors and rectifiers ensure smooth current
flow and reduce -electrical noise, guaranteeing
uninterrupted operation. The sensor module plays a
critical role in detecting and classifying waste using
three types of sensors. An infrared (IR) sensor, placed
at the waste input point, detects the presence of waste
using reflected infrared light and serves as the trigger
for the microcontroller to begin reading other
sensors. A moisture sensor measures the conductivity
or moisture content of the material and classifies it as
wet waste if the value exceeds a threshold, making it
suitable for organic items such as food or vegetable
peels. The metal detector employs electromagnetic
induction to identify metallic objects, generating a
detection signal when metal passes nearby,
immediately categorizing the waste as metal. The
system follows a sensor priority logic where the
metal detector is checked first, followed by the
moisture sensor, and if neither detects anything, the
waste is classified as dry. The ESP8266
microcontroller functions as the central processing
unit, continuously reading inputs from all sensors,
interpreting the data, and executing a programmed
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decision-making algorithm. The classification
process starts when the IR sensor detects waste; if
metal is detected, the item is labeled as metal waste;
if not, the moisture sensor is checked, and high
moisture classifies the waste as wet, otherwise it is
considered dry. The microcontroller also controls
actuators, sending signals to the servo motor for bin
positioning and to the motor driver for conveyor
operation, ensuring coordinated and precise
movement. The motor driver acts as an interface
between the ESP8266 and the DC motor, amplifying
the control signal, protecting the microcontroller
from high currents, and enabling smooth conveyor
operation to automate waste feeding. The servo
motor receives angle commands from the ESP8266
and rotates the waste chute flap or bin selector plate
to direct waste into the correct bin—metal, wet, or
dry—holding the position until the waste falls and
then returning to the default position. Together, these
modules integrate sensing, decision-making, and
mechanical actuation to create an efficient,
automated system that accurately segregates waste
with minimal human involvement.

The overall working of the system is as follows:

1. Waste placed on the bins.

2. IR sensor detects the waste presence and signals
ESP8266.

3. ESP8266 activates moisture and metal sensors.

4. Based on sensor readings, waste is categorized:

* Metal — Metal bin
* Moisture — Wet bin
* Otherwise — Dry bin
5. Servo motor moves the chute/bin selector to the
correct bin.

6. Waste falls into the appropriate bin.

7. System resets and waits for the next waste item.

Figure 2: Circuit Wiring Diagram for Automatic
Waste Segregation System using IoT
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Figure 3: Circuit diagram showing the design and
construction of a power system

IL. PERFORMANCE EVALUATION

The effectiveness of the IoT-based Automatic Waste
Segregation System was assessed to determine its

accuracy, operational speed, and reliability in sorting
household waste into wet, dry, and metallic
categories. The system uses infrared (IR) sensing and
a servo-motor-based mechanism to automatically
guide each waste item into the appropriate bin,
reducing the need for manual sorting and ensuring
consistent results.

1. Segregation Accuracy

Multiple samples of wet, dry, and metal waste were
tested to evaluate the classification performance. The
IR sensors detected waste type based on material
characteristics, while the mechanical movement
system positioned bins correctly. The system
delivered consistent and precise sorting outcomes
with minimal misclassification.

|Categ0ry HPerformance Observation ”Accuracy |
|Wet Waste ||Correctly identified using moisture response ||90—92% |
|Dry Waste ||Segregated accurately when no moisture or metal was detected ||85—88% |
|Metallic Waste HEffectively detected through IR sensor variations ”94—96% |

The overall accuracy achieved during testing
averaged approximately 96%, confirming that the
proposed system is efficient and dependable.

2. Processing Time

The time from placing waste in the inlet to the
completion of bin movement was measured. The
system required 6-8 seconds per item,
demonstrating a suitable response speed for real-
world usage.

3. Operational Efficiency & Environmental Impact

By enabling automatic waste separation at the

source, the system prevents mixing of wet and dry

waste, which commonly leads to harmful emissions

when decomposed together. As a result, it:

e  Reduces the release of greenhouse gases,

e  Minimizes the spread of pathogens and disease,

e Supports recycling and decreases landfill
pressure.

4. Human Effort Reduction
The system significantly reduces
interaction with waste. This helps:

physical
e  Lower health risks for sanitation workers,

e  Minimize manpower requirements,
e Increase consistency in segregation quality.
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5. IoT-Enabled Monitoring

Real-time tracking of bin levels through IoT
improves waste management efficiency, prevents
overflow, and enables timely collection alerts.

Figure 4: Completed Project Model
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Table 1: Summary of performance evaluation

‘ Particular ‘ ’

Details

‘Proj ect Title

HAutomatic Waste Segregation System using loT

Purpose of the System management efficiency

To automatically separate waste into wet, dry, and metallic categories to improve waste

‘Problem Addressed HImprOper waste disposal, spreading of diseases, environmental pollution, landfill pressure
‘Technology Used HIoT, IR Sensors, Moisture Sensor, Servo Motor, Arduino/ESP controller
Working Principle SS(?SZ(C);S detect type of waste — Servo motor positions correct bin — Waste is automatically

‘IOT Feature

HMonitors bin level and waste status remotely through a cloud dashboard

‘Segregated Waste Categories HWet Waste, Dry Waste, Metallic Waste

‘Key Components

HIR Sensor, Moisture Sensor, Metal Detector, Servo Motor, Microcontroller, IoT Module

‘Accuracy Achieved

HApproximately 90-95% depending on waste type

‘Response Time H678 seconds per item

|
|
|
|
|
|
|

‘Advantages HReduces human effort, prevents disease spread, supports recycling, environmentally friendly

‘Applications HSmart homes, schools, colleges, hospitals, public places, municipal waste systems

Outcome Efficient automatic waste segregation and real-time loT monitoring for sustainable smart waste
management

IVv. CONCLUSION

The IoT-based Automatic Waste Segregation
System offers a smart, effective, and eco-friendly
answer to contemporary waste management issues.
Through the incorporation of sensors like infrared,
humidity, metal, and proximity sensors with the
Arduino Uno microcontroller, the system efficiently
sorts waste into wet, dry, and metallic categories
with minimal human involvement. The addition of
servo and stepper motors guarantees accurate
mechanical movement for correct waste disposal,
while the buzzer delivers immediate notifications to
signal system operation. Using IoT connectivity, the
system is capable of tracking bin levels and
transmitting data to local governments, and aid
intelligent waste management approaches. This
initiative enhances both automation and tidiness
while also decreasing human health hazards linked
to manual segregation. It shows how integrated
systems and [oT can be utilized to create scalable
and economical waste management answers. Over
the long run, these systems can greatly aid in
environmental preservation. sustainable practices,
effective waste management, and intelligent urban
planning, resulting in a more pristine and more
sustainable future
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