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Abstract:

Rapid urbanization has led to a significant increase in municipal solid waste, posing serious challenges for
Urban Local Bodies (ULBs). Effective waste segregation at source is essential to improve recycling
efficiency and reduce environmental impact. However, monitoring segregation practices using conventional
methods is inefficient and difficult to scale. This paper presents a Waste Segregation Monitoring System
designed to support ULBs through automated and real-time monitoring. The proposed system utilizes smart
sensing units and communication modules to identify segregation compliance during waste collection.
Collected data is transmitted to a centralized monitoring platform for analysis and reporting. The system
enables authorities to identify non-compliant areas and take timely corrective measures. By promoting
accountability and data-driven decision making, the proposed solution enhances operational efficiency. The
system contributes to reduced landfill dependency and improved resource recovery. Overall, it supports
sustainable and smart urban waste management.
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INTRODUCTION

Urbanization and population growth have resulted in
a rapid increase in municipal solid waste generation
across cities. Urban Local Bodies (ULBs) are
entrusted with the responsibility of managing this
waste efficiently to ensure public health,
environmental protection, and sustainable urban
development. However, the growing quantity and
complexity of waste have placed immense pressure
on existing waste management infrastructure.

Waste segregation at source is recognized as a
key factor in effective municipal solid waste
management. Proper segregation of biodegradable
and non-biodegradable waste enables efficient
recycling, composting, and resource recovery.
Despite regulations and awareness campaigns,
segregation practices remain inconsistent across
residential, commercial, and public areas, leading to
the mixing of waste streams and reduced processing
efficiency.

Traditional methods of monitoring waste
segregation largely depend on manual inspection
and periodic reporting. These approaches are time-
consuming, labour-intensive, and prone to human
error. Moreover, they do not provide real-time

insights, making it difficult for ULBs to identify
non-compliance or evaluate the effectiveness of
waste management policies.

The adoption of smart technologies has opened
new possibilities for improving urban services,
including waste management. Such technology-
driven approaches enable automation, accuracy,
and scalability in waste management operations.

A monitoring system that can assess
segregation compliance during waste collection can
significantly enhance operational transparency. By
collecting data at the source, ULBs can obtain
location-specific and time-stamped information on
segregation performance. This data can support
informed decision making, targeted interventions,
and improved planning of waste processing
facilities.

In this context, the development of a Waste
Segregation Monitoring System focuses on
integrating  sensing  mechanisms, embedded
controllers, and communication technologies
within the municipal waste management process.
The system is intended to capture segregation-
related data at the point of waste collection and
associate it with specific locations and time
intervals. Such an approach enables continuous
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observation of segregation practices across urban
areas. The collected data can be transmitted to a
centralized platform accessible to Urban Local
Bodies.

LITERATURE REVIEW

Urban waste management has been a focus of
research due to the environmental and economic
challenges posed by increasing municipal solid
waste. Early studies primarily examined waste
generation patterns, composition analysis, and the
effectiveness of legislative frameworks in enforcing
segregation at source. Researchers found that lack
of public awareness and inadequate enforcement
were major factors limiting proper segregation,
especially in densely populated urban regions.

Studies published around 2014-2015 primarily
focused on understanding municipal solid waste
generation patterns and segregation behavior in
urban areas. Research during this period highlighted
that improper segregation at source was a major
contributor to landfill overuse and environmental
pollution. These studies emphasized the role of
policy frameworks and citizen awareness but
reported limited success due to weak monitoring
mechanisms.

During 2016-2017, research attention shifted
towards community-based waste management
models. Several studies analyzed the impact of
awareness campaigns, segregation mandates, and
incentive-based schemes implemented by Urban
Local Bodies (ULBs). While these approaches
showed short-term improvements in segregation
compliance, researchers noted that the lack of
continuous monitoring and accountability reduced
their long-term effectiveness.

n 2018, technological interventions began
gaining prominence in waste management research.
Studies explored the use of sensors to monitor bin
fill levels and optimize waste collection routes.
Ultrasonic and weight sensors were commonly used
to reduce overflow and improve operational
efficiency. However, these systems largely focused
on collection optimization rather than segregation
quality.

Research published in 2019 introduced Internet
of Things (IoT)-based waste management systems
that enabled real-time data transmission to
centralized dashboards. These systems improved
transparency and responsiveness in municipal
operations. Despite these advancements,
segregation monitoring was still treated as a
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secondary aspect, with most systems assuming that
waste was already segregated at the source.

During 2020, studies began investigating
automated waste classification using machine
learning and image processing techniques.
Convolutional Neural Networks (CNNs) were
applied to classify waste into categories such as
organic, plastic, metal, and glass. Although
classification accuracy was promising in controlled
environments, researchers highlighted challenges
related to deployment cost, processing time, and
adaptability in real-world municipal settings.

In 2021, the focus expanded to data analytics and
decision-support systems for ULBs. Researchers
proposed integrating waste-related data with
Geographic Information Systems (GIS) to identify
high waste generation zones and segregation-
deficient areas.

Recent studies in 2024 emphasize the
importance of real-time segregation monitoring
integrated into routine municipal workflows.
Researchers highlight a gap in systems that provide
actionable segregation compliance data to ULBs at
the point of collection.

METHODOLOGY

1. Sensor-Based Segregation Detection : Sensors
are used to identify waste characteristics and
determine whether segregation rules are
followed at the point of collection.

2. loT-Based Data Acquisition and
Communication: Segregation ~ data s
transmitted wirelessly from collection units to a
centralized monitoring system in real time.

3. Centralized Monitoring and Data Analytics:
Collected data is analyzed and visualized on a
central  platform to track segregation
compliance

4. Compliance Evaluation and Action Framework:
Segregation performance is assessed against
guidelines to trigger alerts and corrective
actions for non-compliance.

EXISTING SYSTEM

The existing waste management system
followed by most Urban Local Bodies (ULBs)
relies heavily on manual processes for waste
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collection and segregation monitoring. Households
and commercial establishments are instructed to
segregate waste into biodegradable and non-
biodegradable categories, but compliance is largely
verified through visual inspection by sanitation
workers. This approach is inconsistent and difficult
to implement across large urban areas.

In the current system, waste collection
vehicles gather waste from multiple locations and
transport it to processing or disposal sites. During
this process, mixed waste is often collected due to
improper segregation at source. Once waste
streams are mixed, separation becomes complex,
costly, and inefficient, leading to reduced recycling
and composting outcomes.

Monitoring and reporting in existing systems
are typically paper-based or involve basic digital
record keeping.Awareness programs and regulatory
measures form an important part of the existing
system. While these initiatives help improve public
participation to some extent, their effectiveness
depends on continuous monitoring and follow-up.
In the absence of real-time feedback mechanisms, it
becomes challenging to assess the actual impact of
these programs.

the existing system does not provide real-
time, automated, or scalable solutions for
monitoring waste segregation. The reliance on
manual observation and delayed reporting restricts
timely intervention and data-driven decision
making. These limitations highlight the need for a
more efficient and technology-enabled approach to
support Urban Local Bodies in managing waste
segregation effectively.

PROPOSED SYSTEM

The proposed Waste Segregation Monitoring
System introduces a technology-driven approach to
assist Urban Local Bodies (ULBs) in monitoring
segregation practices efficiently. The system is
designed to automatically identify whether waste is
properly segregated at the point of collection,
reducing dependence on manual inspection. By
integrating sensing and communication
technologies.

The proposed system employs smart sensing
units installed in waste bins or collection vehicles to
capture waste characteristics such as moisture
content, weight, or material type. These sensors
help differentiate between biodegradable and non-
biodegradable waste. A processing unit analyzes the
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sensor data using predefined logic.

To enable real-time monitoring, the system
incorporates wireless communication modules such
as GSM, LoRa, or Wi-Fi. Segregation data, along
with location and time information, is transmitted to
a centralized server. This ensures continuous data
availability for municipal authorities without
interrupting routine waste collection operations.

A centralized monitoring platform is used to
store, process, and visualize the collected data. The
platform provides dashboards and reports that
display area-wise segregation compliance and
historical trends. This information supports Urban
Local Bodies in identifying non-compliant zones
and planning targeted interventions.

The proposed system is designed to integrate
seamlessly  with  existing municipal waste
management workflows. It supports scalability for
deployment across multiple wards or cities and can
be extended with advanced analytics or automation
features. By enabling data-driven oversight, the
system strengthens accountability and enhances
overall efficiency in urban waste segregation
management.
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Fig 1- Block Diagram
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SYSTEM DESIGN

The system design of the Waste Segregation
Monitoring System focuses on creating a reliable,
scalable, and efficient framework that enables
Urban Local Bodies to monitor waste segregation
in real time. The design integrates hardware
components, software modules, and
communication technologies to ensure seamless
data collection, processing, and visualization.

The overall system is designed using a
modular approach, where each module performs a
specific function. This modular design improves
system flexibility, simplifies maintenance, and
allows future enhancements without affecting the
existing structure. Each module communicates with
others through well-defined interfaces.

The first component of the system design is
the smart waste bin. These bins are equipped with
multiple sensors that detect different characteristics
of waste, such as moisture level, weight, and
material type. This sensor-based approach helps in
distinguishing between wet waste, dry waste, and
hazardous waste at the point of disposal.

A microcontroller unit acts as the core
processing element of the system. It receives input
signals from the sensors and processes the data
using predefined logic or algorithms. Based on
sensor readings, the controller determines the
category of waste and records relevant parameters
such as time, location, and quantity.

The system design also includes a
communication module to enable data transfer
between the smart bins and the central monitoring
system. Wireless technologies such as Wi-Fi, GSM,
or LoRa can be used depending on coverage and
infrastructure availability. This ensures continuous
data transmission without manual intervention.

A centralized server or cloud platform is
designed to store and manage the data received from
multiple smart bins deployed across urban areas.
The server maintains segregation records, bin status,
and historical data, which can be accessed by
authorized Urban Local Body officials.

The software design includes a monitoring
dashboard that presents data in a user-friendly
format. Graphs, charts, and alerts are used to display
segregation efficiency, bin fill levels, and instances
of improper waste disposal. This visual
representation supports quick decision-making.

Security is an important aspect of the system
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design. Data encryption, secure authentication, and
access control mechanisms are implemented to
protect  sensitive information and  prevent
unauthorized access to the monitoring platform.

The system is designed to generate alerts and
notifications automatically. Alerts are triggered
when improper segregation is detected, bins are
overfilled, or system faults occur. This feature
enables timely action and improves operational
efficiency.

Scalability is a key consideration in the system
design. The architecture allows additional smart bins
and monitoring units to be added easily as the city
expands. This ensures that the system can support
both small municipalities and large urban regions.

Energy efficiency is also addressed in the
design by using low-power sensors and
microcontrollers. Where possible, renewable energy
sources such as solar panels can be integrated to
reduce operational costs and ensure uninterrupted
system functioning.

MATLAB/SIMULINK MODEL

The MATLAB Simulink model is designed to
simulate the functioning of the Waste Segregation
Monitoring System in a virtual environment. The
model represents the interaction between sensor inputs,
processing logic, and system outputs using
interconnected functional blocks. This simulation helps
in validating the system behavior before actual
hardware implementation and reduces design errors.
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Fig 2- MATLAB Simulation Model

In the Simulink model, different sensor
blocks are used to represent moisture, weight, and
material detection sensors. These sensor signals are
passed through signal conditioning blocks to
eliminate noise and ensure accurate readings. The
processed signals are then fed into a waste
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classification subsystem, where logical decision
blocks determine the category of waste based on
predefined threshold values.

The output of the classification subsystem is
connected to a microcontroller simulation block,
which  generates control signals for data
transmission and monitoring. Communication
blocks simulate the transfer of segregation data to a
central monitoring system. The Simulink model
allows performance analysis under various input
conditions, making it an effective tool for testing
and optimizing the waste segregation monitoring
process.

SIMULATION RESULTS

The simulation results show that the moisture
sensor accurately classifies wet and dry waste based
on predefined threshold values. Gas sensor readings
enable early detection of hazardous gas emissions
and trigger timely warning alerts. The ultrasonic
sensor effectively monitors the bin fill level and
generates a bin-full indication when the threshold is
reached. Real-time sensor data are visualized on the
monitoring dashboard for efficient supervision and
control. Overall, the system demonstrates reliable
and automated waste segregation and monitoring
suitable for urban local bodies.
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Fig 3- MATLAB Simulation Graph

CONCLUSIONS

The proposed loT-based waste segregation
and monitoring system effectively addresses key
challenges in municipal solid waste management by
integrating moisture, gas, and ultrasonic sensors.
The system enables automated wet and dry waste
classification, real-time monitoring of bin fill
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levels, and early detection of hazardous gas
emissions.

By leveraging automation and data-driven insights,
the proposed system contributes to sustainable
urban development and smart city initiatives.
Overall, the solution demonstrates strong potential
for enhancing environmental sustainability and
improving the effectiveness of municipal waste
management systems.

FUTURE SCOPE

1. Integration of Al and machine learning can
improve waste classification accuracy and
predictive analysis of bin filling patterns.

2. GPS-enabled smart bins can optimize waste
collection routes for municipal vehicles.

3. Cloud-based data storage can enable long-
term analysis and centralized monitoring
across multiple urban zones.

4. Mobile applications can be developed to
provide real-time alerts and system status to
municipal authorities.

5. Solar-powered smart bins can enhance

energy efficiency and support green
infrastructure.

6. Image-based waste recognition using
cameras can further enhance waste

segregation capabilities.

7. Blockchain technology can be used to ensure
transparent and traceable waste management
operations.

REFERENCES

1. [Longhi, S., Marzioni, D., Alidori, E., Di
Buo, B., Prist, M., Grisostomi, M., & Pirro,
M., 2012, “Solid waste management
architecture using wireless sensor network
technology,” IEEE International Conference
on New Technologies, Mobility and Security.

2. Islam, M. S., Arebey, M., Hannan, M. A., &
Basri, H., 2016, “An overview for solid
waste bin monitoring system,” Journal of
Applied Sciences, vol. 12, no. 1.

3. Kumar, A., & Samadder, S. R., 2017, “A
review on technological options of waste
management,” Renewable and Sustainable
Energy Reviews, vol. 69.

4. Medvedev, A., Fedchenkov, P., Zaslavsky,
A., Anagnostopoulos, T., & Khoruzhnikov,
S., 2015, “Waste management as an loT-

ISSN: 2581-7175

©IJSRED: All Rights are Reserved

Page 2125



International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 2, Mar-Apr 2026

10.

11.

12.

13.

14.

ISSN: 2581-7175

enabled service in smart cities,” Internet of
Things, Smart Spaces, and Next Generation
Networks.

Guerrero, L. A., Maas, G., & Hogland, W.,
2013, “Solid waste management challenges
for cities,” Waste Management, vol. 33, no.
1.

Hannan, M. A., Arebey, M., Begum, R. A.,
& Basri, H., 2015, “Radio frequency
identification (RFID) and communication
technologies for solid waste bin and truck
monitoring system,” Waste Management,
vol. 43.

Zanella, A., Bui, N., Castellani, A.,
Vangelista, L., & Zorzi, M., 2014, “Internet
of Things for smart cities,” IEEE Internet of
Things Journal, vol. 1, no. 1.

Folianto, F., Low, Y. S., & Yeoh, W., 2015,
“Smartbin:  Smart waste management
system,” [EEE  Tenth  International
Conference on Intelligent Sensors, Sensor
Networks and  Information  Processing
(ISSNIP).

Anagnostopoulos, T., Zaslavsky, A.,
Kolomvatsos, K., Medvedev, A., Amirian,
P., Morley, J., & Hadjieftymiades, S., 2017,
“Challenges and opportunities of waste
management in loT-enabled smart cities,”
IEEE  Transactions  on  Sustainable
Computing.

Bharadwaj, B., Kumari, M., & Chaudhary,
A., 2016, “Smart waste management system

using IoT,” International Journal of
Engineering Research and Technology
(IJERT).

Saha, S., & Sarkar, S., 2018, “IoT-based
smart garbage monitoring and disposal
system,”  International Conference on
Advances in Computing, Communications
and Informatics (ICACCI).

Sharma, P., & Singhal, G., 2018, “Smart
cities using IoT: Waste management
system,”  International  Journal of
Engineering & Technology.

Gutierrez, J. M., Jensen, M., Henius, M., &
Riaz, T., 2015, “Smart waste collection
system based on location intelligence,”
Procedia Computer Science, vol. 61.
Al-Maaded, M., Madi, N., Kahraman, R.,
Hodzic, A., & Ozerkan, N. G., 2012, “An
overview of solid waste management and

15.

16.

17.

18.

©IJSRED: All Rights are Reserved

Available at www.ijsred.com

plastic recycling in Qatar,” Journal of
Polymers and the Environment.

Joshi, R., & Ahmed, S., 2016, “Status and
challenges of municipal solid waste
management in India: A review,” Cogent
Environmental Science.

Das, S., Bhattacharyya, B. K., & Pal, A,
2019, “Smart waste segregation and
monitoring system using loT,” International
Journal of Innovative Technology and
Exploring Engineering (IJITEE).

Singh, A., Kumar, S., & Kumar, S., 2019,
“loT-based  waste  segregation  and
monitoring system,” International

Conference on Computing, Communication
and Intelligent Systems (ICCCIS).

Kaza, S., Yao, L., Bhada-Tata, P., & Van
Woerden, F., 2018, “What a Waste 2.0: A
Global  Snapshot of Solid Waste
Management to 2050,” World Bank
Publications.

Page 2126



