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ABSTRACT

With the rapid advancements in technology, various aspects of daily life are becoming increasingly connected to the
Internet, giving rise to the concept of the Internet of Things (loT). By integrating diverse loT devices and
applications, Smart Cities can be developed, where an efficient drainage system plays a pivotal role. However, solid
waste carried by groundwater through drainage systems often leads to blockages, causing overflows and severe
environmental pollution. Proper management of these solid wastes is crucial to maintaining the smooth functioning
of drainage systems.While some studies have focused on underground drainage monitoring or the management of
drainage systems, there has been limited research addressing both underground drainage mechanisms and surface-
level waste management comprehensively. This paper addresses this gap by identifying the primary causes of
drainage overflow and proposing efficient solutions. We present a detailed loT-enabled drainage management
system that integrates solid waste management to enhance system performance. Our approach includes clearly
defined methods for preventing and addressing blockages caused by solid waste in drainage pipelines and covers,
ensuring a more effective and sustainable drainage system.
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underground drainage monitoring or overall
system management, there is a lack of a

1. INTRODUCTION

Day to day applications are increasingly shifting
towards  Internet-based  solutions  using
technological advancements, ushering in the era
of the Internet of Things (loT). Through the
integration of diverse 10T devices and systems,
Smart Cities can be developed, where efficient
drainage systems become a critical component.
A common issue faced by such systems is the
accumulation of solid waste in groundwater,
which obstructs drainage channels, causing
blockages, overflows, and significant
environmental damage [1]. To ensure the
uninterrupted operation of drainage systems,
effective waste management is essential. While
some existing efforts focus on either

comprehensive approach that combines both
underground drainage mechanisms and surface
waste management [2].

This paper addresses this challenge by
presenting an loT-driven drainage management
system that tackles the root causes of blockages
and overflows. The proposed system emphasizes
efficient management of drainage waste to
enhance overall performance. It includes well-
defined strategies for preventing and handling
solid waste buildup in pipelines and covers,
paving the way for a more sustainable and
effective drainage solution in Smart Cities.
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2. LITERATURE SURVEY

This section provides an overview of various
related research efforts and developments carried
out by the research community in the domain of
loT-based environmental monitoring and waste
management systems.

Lazarescu [3] proposed a tiered architecture for a
Wireless Sensor Network (WSN) platform,
focusing on its functional design and
implementation in loT-driven environmental
monitoring applications. Similarly, Zanella et al.
[4] explored an urban loT architecture, talking
about the idea of smart cities and providing
useful loT-based recommendations used in the
Italian Padova Smart City Project.

Research in automated drainage management
includes a cost-effective system detailed in [11],
which utilizes acoustic sensors to detect clogs in
sewage pipelines and communicates with servers
via a WSN platform to enable prompt action. SK
and Rao [12] introduced an loT-based smart
manhole monitoring system that generates
alarms for conditions such as open lids,
overflow, or overpressure.

Another innovative waste detection system [15]
was introduced, featuring four subsystems: a
Smart Trash System, a Vehicle System, a Local
Base Station, and a Smart Monitoring and
Controlling Hub. The system employs ultrasonic
sensors, load sensors, and ZigBee protocols to
monitor trash levels and weight. Detected data is
transmitted to a controlling hub, which then
signals vehicles for waste collection.

Despite these advancements, much of the
research on automated drainage systems
addresses individual issues, with limited focus
on integrated drainage waste management. The
system proposed in this paper bridges this gap by
jointly addressing smart drainage mechanisms
for both infrastructure and roadside drains while
incorporating  efficient waste management
practices.

3. PROPOSED SYSTEM

The suggested system design has been divided
into two sections: conceptual features, which
highlight the key elements of the design, and
system architecture, which provides a thorough
explanation of the system architecture as a
whole, all of its components, and technical
specifics.
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RFID technology. Examples include a smart bin
for proper waste disposal and recycling [13] and
a real-time multi-layered waste management
architecture capable of tracking stolen bins and
identifying the type and weight of waste [14].
Huang et al. [2] proposed a novel approach for
identifying multi-featured objects using optical
sensor-based technology to process solid waste
effectively. Anuradha et al. [16] developed a
system where interconnected dustbins, equipped
with unique IDs and ultrasonic sensors, monitor
trash levels and detect toxic gases. Notifications
are sent via an Android app when bins are full,
prompting timely disposal.
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The primary goal of this system design is to
prevent drain clogging by utilizing loT
technology, ensuring that drainage overflow and
related inconveniences are avoided. To achieve
this, it is essential to account for various
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drainage systems associated with different
sources, such as residential areas, industrial
facilities, and roadside drains. Each of these
sources may have distinct drainage mechanisms,
making it necessary to integrate and manage
them  collectively under the proposed
system.Drain clogging often occurs due to the
accumulation of various materials, such as
plastics, paper, and biodegradable waste, either
within pipelines or on drain covers, caused by
natural or human activities. Addressing this issue
requires efficient material management powered
by 10T. This system incorporates a smart sorting
mechanism to collect and categorize materials.
The sorted materials are then recorded in a
database, detailing the type and quantity of waste
collected from specific areas. Following sorting,
materials are packaged separately, with
notifications sent to relevant organizations that
specialize in recycling, fertilizer production, or
other processing methods. A dedicated database
linked to the packaging process will generate
regular reports—weekly, monthly, or yearly—on
the volume and type of packaged materials
distributed to different organizations. These
interconnected features form the foundation of
the proposed system, creating an efficient smart
drainage management solution to prevent clogs,
optimize material recycling, and support
sustainable waste management practices.

4. SYSTEM ARCHITECTURE

As shown in the flow diagram in Figure 1, an
loT-based system architecture has been created
to incorporate all of the designated
functionalities. Three successive phases make up
this architecture: avoiding clogged drains and
gathering solid debris that causes obstructions,
and preparing these materials for further
processing, such as recycling. The system's
implementation includes distinct approaches for
two types of drainage mechanisms: those
associated with infrastructure (e.g., residential
buildings and industrial facilities) and those for
roadside drains. The key features of the system
are summarized as follows:
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e Prevention of drain clogging for
different drainage mechanisms,
including infrastructure-based systems
(homes, industries, etc.) and roadside
drains.

o Collection of solid waste materials that
contribute to drainage blockages.

e Sorting and packaging of collected solid
waste for subsequent processing.

A detailed workflow outlining the technical
aspects of these features is provided below:

Prevention of drain clogging:
The system incorporates specific measures to
address clogging in the two main types of
drainage mechanisms. These measures are
further elaborated in the subsequent sections.

5. DRAINAGE MECHANISM

Different types of infrastructures—such as
houses, educational institutions, industries, and
corporate organizations—utilize distinct
drainage pipelines that eventually connect to a
central drainage system. These pipelines are
prone to blockages caused by various materials,
including domestic waste, industrial residues,
and other solid waste. To ensure an
uninterrupted flow of wastewater, a waterproof
active ultrasonic sensor (illustrated in Fig. 2) is
deployed. This sensor detects objects by
transmitting sound waves and measuring
distances. Each area is equipped with separate
ultrasonic sensors installed in its drainage
pipelines. These sensors monitor and collect data
whenever an obstruction occurs. The detected
information is transmitted to a designated server
for the specific area, which records the pipeline
location of the blockage. Upon identifying a
blockage, the server promptly notifies the
drainage maintenance authority responsible for
that area, ensuring timely intervention.
Additionally, all area-specific servers are
interconnected with a central server (represented
at the top of Fig. 2). This central server performs
trend analysis, assessing whether the frequency
of drain blockages in a specific area has
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increased or decreased over time. Based on these
insights, it generates warnings for the inhabitants
of the affected area to encourage preventive

1. Sensor-to-Server Communication:
Utilizes MQTT (Message Queuing
Telemetry Transport Protocol) to gather
data from sensors and transmit it to
servers.

2. Server-to-Server Communication:
Employs AMQP (Advanced Message
Queuing  Protocol) to  establish
connections between servers.

3. Server-to-Device Communication: Uses
XMPP  (Extensible Messaging and
Presence Protocol) for sending text-
based notifications to relevant personnel.

As depicted in Fig. 2, data regarding blockages
in the pipelines of Areas 01, 02, and 03 is sent to
their respective servers. These servers, in turn,
relay necessary notifications to the concerned
authorities, enabling immediate action to resolve
the issue.

6. WORKING PROCEDURE

Wastewater from two distinct sources is taken
into consideration. Pipelines connected to
various infrastructures across different areas are
inspected. If a blockage is detected:

e The exact location of the blockage is
recorded in the respective area’s server.

e The information is forwarded to the
central server for

e comprehensive analysis, correlating data
across other areas.

e A notification is sent to alert the local
drainage maintenance authority for
timely intervention

If no blockage is found: The wastewater is
directed to a container for filtration. Roadside
drain covers are checked for obstructions: If
blocked: The width of the object causing the
blockage is recorded. If not blocked: The
wastewater is directed to the filtration container.
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sustainable, safe and comfortable urban lifestyle
for the community.

Page |18



A. L. Chatterjee et. al./Int.J.HIT.TRANSC:ECCN.Vol.10: Special Issue NSIC 2025

[1] M. SK and S. Rao, “Automated internet of things for underground drainage and manhole monitoring
system for metropolitan cities,” Information and Computation Technology, vol. 4, no. 12, pp. 0974—
2239, 2014.

[2]J. Huang, T. Pretz, and Z. Bian, “Intelligent solid waste processing using optical sensor based sorting
technology,” in Proceedings of the Third International Congress on Image and Signal Processing,
CISP’10. Yantai, China: IEEE, Oct 16-18 2010.

[3] M. T. Lazarescu, “Design of a WSN platform for long-term environmental monitoring for loT

applications,” Emerging and Selected Topics in Circuits and Systems, vol. 3, no. 1, pp. 45-54, Mar
2013.

[4] A. Zanella, N. Bui, A. Castellani, L. Vangelista, and M. Zorzi, “Internet of things for smart cities,”
Internet of Things, vol. 1, no. 1, pp. 22-32, Feb 2014.
[5]T.Agarwal, “Ultrasonic detection - basics application.” [Online]. Available:
https://www.elprocus.com/ultrasonic-detection-basics-application
[6]Postscapes,“ToT standards and protocols.” [Online]. Available: https://www.postscapes.com/internet-
of-things-protocols

[7] S. Scheneider, “Understanding the protocols behind the Internet Of Things,” Oct 2013. [Online].
Available: http://www.electronicdesign. com/iot/understanding-protocols-behind-internet-things

[8] Keyence, “Selecting a measurement sensor.” [Online]. Available: https:
IIlwww.keyence.com/ss/products/measure/selecting/thickness width.jsp

[9] Golab, “How infrared motion detector components work.” [Online]. Available:
http://www.glolab.com/pirparts/infrared.html

[10] W. Flower, “A look at optical sorting,” Sep 2015. [Online]. Available:
http://www.waste360.com/commentary/look-optical-sorting

[11] Akshaya.K, D. Ramachandran, and M. B. Prabhu, “Acoustic sensors to detect clogs in sewer
pipelines,” Communication Network Security, vol. 2, no. 2, pp. 2231 1882, 2013.
[12] M. SK and S. Rao, “Automated internet of things for underground drainage and manhole

monitoring system for metropolitan cities,” Information and Computation Technology, vol. 4, nol2,
pp. 0974-2239, 2014

[13] Y. Glouche and P. Couderc, “A smart waste management with selfdescribing objects,” in
Proceedings of the Second International Conference on Smart Systems, Devices and Technologies,
SMART’13. Rome, Italy: IARIA, Jun 23-28 2013, pp. 63-70.

[14] B. Chowdhury and M. U. Chowdhury, “RFID-based real-time smart waste management system,”
Proceedings of the Australasian Telecommunication Networks and Applications Conference,
ATNAC’07. Christchurch, New Zealand: IEEE, Dec 02-05 2007, pp. 175-180.

[15] R. HD, H. C. Naik, A. R. Naik, and H. KP, “loT based automatic waste management system,”
Mangalore Institute of Engineering and Technology, Department of Telecommunication
Engineering, Mangalore, Tech. Rep.

[16] D. Anuradha, A. Vanitha, S. P. Priya, and S. Maheshwari, “Waste management system using [oT,”
Computer Science Trends and Technology, vol. 5, no. 2, pp. 152 155, 2014.

ISSN: 0973-6875 DOI: 10.5281/zen0d0.14591192 Page |19


https://www.elprocus.com/ultrasonic-detection-basics-application
https://www.postscapes.com/internet-of-things-protocols
https://www.postscapes.com/internet-of-things-protocols
http://www.glolab.com/pirparts/infrared.html
http://www.waste360.com/commentary/look-optical-sorting

