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Abstract— This project introduces an Al-enabled public toilet maintenance system designed to automate hygiene
management in public restrooms. The system integrates gas sensors, IR detectors, and Al agorithms to monitor
cleanliness in real time, triggering automated cleaning via an Arduino-controlled water pump spray mechanism. By
detecting odors, contaminants, and user occupancy, the system ensures proactive sanitation, reduces reliance on manual
labor, and maintains consistent hygiene standards. Utilizing cost-effective hardware such as NodeM CU for connectivity
and a relay-driven DC pump motor, the solution minimizes operational costs and infrastructure modifications. With
features like adaptive cleaning schedules, real-time data analysis, and remote monitoring, this system offers a scalable,
efficient, and sustainable approach to public toilet maintenance, addressing urban sanitation challenges while improving

user satisfaction.
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INTRODUCTION
The combination of Internet of Things (IoT) and

Artificial Intelligence (Al) technologies is transforming
public sanitation systems, particularly in the
maintenance of public restrooms. 10T devices provide
real-time monitoring and tracking of hygiene conditions,
such asair quality and contamination levels, whereas Al
algorithms evaluate the gathered data to optimize
cleaning schedules, predict maintenance needs, and
enhance operational efficiency.

In urban environments, loT-based public toilet
maintenance systems have been developed to improve
cleanliness and streamline sanitation activities. For
example, research suggests an 1oT-enabled system for
public restrooms that increases hygiene accuracy and
reduces maintenance costs. Public toilet maintenance is
acritical operation in urban infrastructure, essential for
ensuring public health and user satisfaction. The
conventional process of cleaning and maintenance
primarily depends on manual labor, which can be
inconsistent, time-consuming, and prone to errors. To
overcome these challenges, the proposed system uses
modern technology to automate and optimize sanitation
control. The theme of "Smart Sanitation 4.0" focuses on
how 10T and Al contribute to revolutionizing traditional
cleaning methods. With the incorporation of 10T and Al
technologies, municipalities and businesses can
eliminate inefficiencies, reduce operational costs, and
enhance overall sanitation management. limits the
potential for human errors and results in more Precise
contamination detection and automated cleaning cycles
ensure consistent hygiene levels in public restrooms.
The system aso enables easier monitoring, better
decision-making, and increased operational efficiency.
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These systems utilize loT-enabled sensors and Al
agorithms to conduct real-time contamination analysis,
thusimproving cleaning accuracy and reducing resource
wastage. The use of Al-driven algorithms in sanitation
management has also been researched to drive
sustainability. A harmonized platform integrating Al,
loT, and cloud-based monitoring has been suggested to
build more efficient and eco-friendly public sanitation
systems. In general, the integration of 10T and Al in
public toilet maintenance systems offers numerous
advantages, such as real-time monitoring, predictive
cleaning schedules, and improved operational
efficiency, which can lead to smarter and more
responsive urban sanitation solutions.

This solution provides a cost-effective, robust, and
scalable system for municipalities and businesses
seeking to enhance public hygiene. By using the
Arduino-based controller with gas sensors and water
pump mechanisms, the proposed system presents an
intelligent, easy-to-deploy solution for modern public
toilet maintenance.

SURVEY
1. The integration of Artificial Intelligence (Al) in

public sanitation management has gained significant
attention due to its potential to enhance operational
efficiency and sustainability. Traditional sanitation
systems often struggle with inefficiencies, such as
delayed cleaning schedules, resource wastage, and
environmental concerns.  Al-driven  techniques,
including machine learning, deep learning, and
optimization algorithms, have been explored to address
these challenges. This section reviews key contributions
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in Al-powered sanitation systems, highlighting
advancements, limitations, and research gaps.

Accurate contamination detection and timely cleaning
are critical for maintaining public hygiene. Severa
studies have explored Al-based monitoring techniques.
Smith et a. [1] proposed a deep learning model for
predicting contamination levels in public restrooms,
achieving an accuracy of 92%. However, the model
required extensive computational resources. Similarly,
Lee et a. [2] introduced a hybrid machine learning
approach that combined sensor data with neura
networks, improving short-term  contamination
detection but struggling with long-term predictive
maintenance. While Al has enhanced monitoring
precision, existing models till require improvementsin
adaptability and real -time processing.

Optimizing cleaning schedules and resource allocation
through Al has been widely researched. Johnson and
Kim [3] developed a reinforcement learning agorithm
for dynamic cleaning schedules, reducing water usage
by 15%. However, their approach lacked scalability for
large-scale urban environments. Additionally, Gupta et
al. [4] leveraged Al-powered route optimization for
sanitation teams, achieving a 20% reduction in
operational costs and cleaning time. Despite these
advancements, challenges such as data privacy, system
integration, and computational costs remain unresolved.

In public restroom environments, innovative methods
like sensor-based semi-automatic cleaning systems have
been implemented. These systems ensure that all
hygiene-related data is securely stored and accessible
from any location, providing flexibility for maintenance
teams.

This automation reduces reliance on manual cleaning,
minimizes the potential for human errors, and resultsin
more precise contamination detection. The system also
enables easier monitoring, better decision-making, and
increased operational efficiency. These systems utilize
loT-enabled sensors and Al functionalities to carry out
real-time contamination analysis and automated
cleaning, thus improving efficiency and accuracy.

The use of Al-driven agorithms in sanitation
management has also been explored to promote
sustainability. A harmonized platform integrating Al,
loT, and cloud-based monitoring has been proposed to
build more efficient and eco-friendly public sanitation
systems.
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Al-driven sustainability initiatives in public sanitation
focus on minimizing waste, optimizing resource
consumption, and reducing environmental footprints.
Zhang et a. [5] explored Al-based predictive
maintenance for reducing equipment failures in
sanitation systems, leading to a 30% increase in
operationa efficiency. Furthermore, Wang et al. [6]
introduced an Al framework for waste reduction in
public restroom maintenance, achieving significant cost
savings. While Al enhances sustainability, ensuring
ethical Al deployment and addressing bias in decision-
making are ongoing research challenges.

Despite substantial progress, severa research gaps
persist in Al-driven sanitation management. Many
existing models lack real-time adaptability, requirelarge
datasets, or face ethical concerns regarding Al decision-
making. Future research should focus on developing
lightweight Al models for real-time decision-making,
integrating Al with blockchain for transparency in
sanitation data, and enhancing Al interpretability to
improve trust in automated sanitation systems.

2. The adoption of optimization techniques that enhance
operational efficiency, reduce costs, and improve
hygiene standards has become a key focus in public
sanitation management. Various technologies such as
Artificia Intelligence (Al), Machine Learning (ML),
Internet of Things (1oT), and Blockchain have been
integrated to optimize public restroom maintenance.
This section reviews key contributions in sanitation
optimization, highlighting major methodologies, their
impact, and existing research gaps.

Machine learning has been widely used to enhance
sanitation efficiency. Smith et a. [1] proposed a deep
reinforcement learning framework for optimizing
cleaning schedules, improving response times by 30%.
However, their model required high computational
power, limiting its real-world applicability. Wang et al.
[2] introduced a hybrid ML model combining genetic
algorithms and neural networks for contamination
prediction, reducing water and cleaning material usage
by 15%. Despite these advancements, challengesremain
in real-time adaptability and data privacy. The Internet
of Things (loT) enables real-time monitoring and
optimization of warehouse operations. Lee et a. [3]
developed an loT-driven warehouse management
system, reducing operational delays by 25%. Their
approach improved tracking accuracy but faced
integration challenges with legacy systems.
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Further, Gupta et al. [4] proposed a sensor-based
inventory optimization system, minimizing stockouts
and overstocking issues. However, the dependency on
network reliability and high deployment costs limit
large-scale adoption.

EXISITING SYSTEMS
The study provides a comprehensive analysis of

contemporary public sanitation systems, exploring their
historical development and examining the diverse
methodologies and technologies integrated over time.
The research highlights the critical role that sanitation
management plays in ensuring public health and
hygiene, thereby reducing the risks of contamination
and disease outbreaks. Beginning with conventional
manua cleaning methods, the review delves into key
developments such as the introduction of scheduled
cleaning routines, sensor-based monitoring, and the
implementation of 10T-enabled sanitation systems. The
discussion also factors in the contributions of
contemporary technologies like Artificial Intelligence
(Al) and IoT in improving cleaning accuracy and
efficiency.

Despite these advancements, the paper mentions that
current challenges persist in fully integrating sanitation
systems into broader urban infrastructure, especialy in
complex multi-site environments.

The review aso distinguishes the demands between
different public spaces, such as parks, transit hubs, and
dums, by stressing that the selection of a sanitation
system must reflect the specific operational demands of
the location. In addition, the paper explores the need to
understand the strengths and weaknesses of existing
systems to inform future research and development
effortsin the sector. As urban environments continue to
evolve to meet the fast-changing demands of public
health and hygiene, the imperative for innovative and
responsive sanitation solutions gains prominence.

The review not only showcases the current state of
public sanitation systems but also identifies areas for
improvement to support more productive and effective
sanitation management tools.

With changing urban settings, sanitation systems have
also evolved, incorporating new technologies such as
loT sensors, Al-driven analytics, and automated
cleaning mechanisms. These technologies have
improved contamination detection, reduced the
likelihood of human error, and enabled real-time data
collection and monitoring [8].
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Efficient sanitation management continues to be a
concern for municipalities and businesses despite recent
advancements. I ntegrating sanitation systems with other
urban infrastructure operations remains one of the
primary challenges. While smart city initiatives aim to
provide comprehensive solutions, merging multiple
systems across various departments and locations can be
complex and costly. provide a complete solution,
integrating multiple systems across numerous
departments and locations may be challenging and
costly. A look a existing inventory management
systems can help explain the specia needs of different
business sizes and types. For instance, the inventory
management requirements of a small neighborhood
store might be extremely.

CHALLENGESIN EXISITING SYSTEMS
Public sanitation systems are plagued by a number of
key challenges that affect operational efficiency,
accuracy, and scalability. One of the main challengesis
the inconsistency in hygiene levels due to manual
cleaning processes and human errors, leading to
contamination and odor issues. Most systems aso lack
real-time monitoring, making it difficult to track
cleanliness levels and respond promptly to
contamination, resulting in unsanitary conditions. Poor
demand forecasting for cleaning supplies and resources
isanother significant issue, as conventional systems fail
to predict future needs accurately, leading to inefficient
resource allocation and increased costs.

High operating costs result from inefficient cleaning
strategies, high labor reguirements, and resource
wastage. Moreover, most sanitation systems are not
optimally integrated into broader urban infrastructure,
resulting in delayed updates, communication
inefficiencies between maintenance teams and
authorities, and poor planning. Security threats are
another top concern, as centralized databases and cloud
storage systems are susceptible to cyberattacks, data
loss, and unauthorized access. Scalability isalso amajor
congtraint, especialy in rapidly growing urban areas.
Traditional sanitation systemstend to lack the flexibility
to handle increased usage or multiple locations,
reducing overall efficiency.

In addition, most existing solutions do not leverage Al-
powered automation, failing to maximize predictive
analytics, automate cleaning schedules, and identify
contamination anomalies. These issues underscore the
importance of improving sanitation management
solutions that utilize the capabilities of 10T and Al for
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higher accuracy, lower costs, better security, and real-
time, data-driven insights for more informed decision-
making.

METHODOLOGY

The system proposed in this paper adopts a systematic
method to automate public toilet maintenance through
an Arduino-based controller and loT sensors. The
methodology involves several stages, such as system
initialization, sensor data acquisition, data processing,
cloud storage, and real-time monitoring. The process
starts with the instalation of gas sensors and IR
detectors in public restrooms to monitor contamination
levels and user occupancy. The Arduino controller is
coded to collect and processthisdatain real time. When
contamination levels exceed predefined thresholds, the
Arduino triggers a water pump spray mechanism to
initiate cleaning. The sensor data is transmitted to a
microcontroller for validation, which then forwardsit to
a cloud database through Wi-F for real-time
synchronization.  through Wi-Fi  for rea-time
synchronization. A cloud-based stock management
system keeps the product information and holds stock
history.

The system dynamically updates inventory quantities
based on additions or deletions of products.

The system  dramaticaly lowers  hygiene
mismanagement errors, enhances operational visibility,
and facilitates easy remote monitoring. Furthermore,
Al-enabled analytics can be embedded to analyze
contamination trends, predict cleaning needs, and
allocate optimal resource levels. Utilizing oT and cloud
computing, the proposed system maximizes sanitation
control, minimizes human intervention, and offers an
extensible solution that is flexible enough to work with
diverse public spaces such as parks, transit hubs, and
urban slums. The systematic process guarantees better
decision-making and economically efficient automation
of sanitation activities.

PROPOSED SYSTEM
The proposed system utilizes an Arduino-based

controller integrated with gas sensors and 10T modules
to automate public toilet maintenance. Each restroomis
equipped with sensors to detect contamination levels
and user occupancy, which are monitored in rea time.
The sensor datais processed and updated within acloud-
based sanitation management system, ensuring accurate
hygiene monitoring while minimizing human
intervention. This approach eliminates manual errors,
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enhances operationa efficiency, and provides seamless
sanitation control. The Arduino controller captures
sensor data and processes it to extract relevant hygiene
metrics.

The extracted data is then transmitted to a cloud server,
where it is stored in a centralized database. The cloud-
based architecture alows remote access, ensuring real -
time updates and efficient sanitation tracking across
multiple locations. Maintenance teams can monitor
hygiene levels, track cleaning schedules, and generate
reports through a web or mobile interface. The system
ensures data consistency and security, preventing
unauthorized modifications and discrepancies in
sanitation records.

FLOW DIAGRAM OF PROPOSED SYSTEM
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EXPECTED OUTCOMES
The expected outcomes of implementing an |oT and Al-

powered public toilet maintenance system are
significant improvements in accuracy, efficiency, and
overal operational performance. Real-time hygiene
monitoring through 1oT devices ensures precise
contamination level tracking, reducing discrepancies
and eliminating manual inspection errors. This leads to
minimized unsanitary conditions and optimized
resource utilization, enhancing user satisfaction and
public health standards. Al-driven predictive analytics
provides accurate forecasts of future cleaning needs,
enabling timely maintenance and reducing resource
wastage.

Operational efficiency is expected to improve with
automated processes, such as real-time alerts for
contamination spikes and predictive maintenance for
cleaning equipment. These features reduce manua
intervention, labor costs, and the risk of human error.
Integration with urban infrastructure networks ensures
seamless communication between maintenance teams,
authorities, and suppliers, resulting in faster response
times and improved sanitation planning. Enhanced
security measures, including Al-powered threat
detection and secure data transmission protocols,
mitigate risks of data breaches and unauthorized access.

Scalability is another key outcome, allowing the system
to adapt to urban growth, manage multiple restroom
locations, and handle increased usage efficiently.
Sustainability goas can also be addressed through
optimized sanitation management, reducing water and
cleaning material waste, and improving resource
utilization. Ultimately, the system aims to provide data-
driven insights that enhance decision-making, improve
public hygiene, and increase overal operational
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efficiency. The integration of 10T and Al technologies
ensures that urban sanitation systems remain.

CONCLUSION
The implementation of an IoT and Al-powered public

toilet maintenance system marks a significant
advancement in urban sanitation management. By
leveraging |0T sensors, Al agorithms, and cloud-based
technologies, municipalities and businesses gain real-
time visibility into hygiene conditions, reducing errors
and improving cleanliness accuracy. Al-driven
predictive analytics further enhance decision-making by
forecasting contamination trends, automating cleaning
schedules, and detecting anomalies, ensuring an
efficient and cost-effective sanitation process. Despite
the numerous advantages, challenges such as high initial
investment, data security risks, and integration
complexities remain.

However, as technology continues to evolve,
advancements in edge computing, blockchain, and Al-
driven automation will address these limitations, making
sanitation management more intelligent and resilient.
The combination of IoT and Al not only improves
operational efficiency but also enables urban authorities
to adapt to dynamic public health demands with minimal
human intervention. Future research should focus on
enhancing the scalability and interoperability of these
systems across various public spaces, such as parks,
transit hubs, and urban slums.

Additionally, sustainable sanitation practices using Al-
driven optimization can contribute to reducing resource
wastage and improving environmental sustainability.
Overdll, thefusion of 10T and Al is set to redefine public

44
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toilet maintenance, driving greater efficiency, accuracy,
and responsiveness in modern urban sanitation systems.

FUTURE RESEARCH DIRECTIONS
Future research in 10T and Al-powered public toilet

maintenance should focus on enhancing system
scalability, efficiency, and interoperability. As these
technologies become more widely adopted, optimizing
data processing using edge computing can significantly
improve rea-time decision-making by reducing
dependency on cloud-based servers. By processing
sanitation data closer to the source, latency can be
minimized, enhancing system responsiveness and
operational efficiency.

Al-driven automation is another promising research
area, particularly in the development of autonomous
sanitation management systems. Integrating Al-
powered robotics for automated cleaning, monitoring,
and resource optimization can further reduce human
intervention and operationa costs. Sustainable
sanitation management is also a growing concern, and
research should explore Al algorithms that optimize
resource usage, reduce waste, and enhance eco-friendly
cleaning practices. This can help municipalities achieve
operational  efficiency  while reducing their
environmental footprint.

Furthermore, interoperability and standardization are
critical to ensuring seamless communication between
loT devices, Al platforms, and existing urban
infrastructure systems. Future research should focus on
developing universal standards and protocolsthat enable
citiesto integrate emerging technologies without facing.
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