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Abstract— As technology advances, maintaining hygiene
in public spaces has become increasingly vital,
particularly in restrooms where poor sanitation can
contribute to the spread of infectious diseases. This study
highlights the significance of cleanliness and introduces
an loT-driven restroom management system to improve
hygiene standards. The proposed solution integrates
various sensors, such as odor and ammonia gas sensors,
along with infrared sensors, to continuously monitor
restroom conditions. Utilizing IoT technology, the
system sends automated alerts to maintenance personnel
when cleaning is necessary, ensuring a consistently
sanitary environment. Furthermore, RFID readers
verify the attendance of cleaning staff, while GSM
modules facilitate instant maintenance notifications. By
aligning with the "Swachh Bharat" initiative, this
approach fosters a cleaner and healthier public
infrastructure. Ultimately, the system enhances restroom
sanitation, minimizes health risks, and contributes to
overall public well-being through automated, data-
driven hygiene management.

Keywords— Microcontroller, IR sensor, LCD display,
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I. INTRODUCTION

With rapid technological advancements reshaping various
aspects of modern life, the management of hygiene and
sanitation in public spaces has also evolved. High-footfall
restrooms in locations such as shopping malls, railway
stations, and corporate offices frequently suffer from
inadequate maintenance, leading to unsanitary conditions.
Poor hygiene in these areas creates an environment
conducive to bacterial and viral growth, increasing the risk
of infections such as urinary tract infections, respiratory
illnesses, and digestive disorders.

To mitigate these concerns, the integration of the Internet of
Things (IoT) into restroom maintenance offers an innovative
and efficient solution. IoT facilitates real-time surveillance
and data-driven decision-making, ensuring consistent
cleanliness. By deploying interconnected sensors and
communication devices, this system enables proactive
maintenance, minimizing human intervention while
improving overall hygiene standards.
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This paper delves into the development of an IoT-powered
intelligent restroom management system aimed at
optimizing sanitation practices. The proposed system
incorporates odor and ammonia gas sensors, infrared
technology, RFID tracking, and GSM-based communication
to continuously assess restroom conditions and notify
maintenance staff when intervention is required. By
leveraging automation, this approach enhances operational
efficiency, mitigates health hazards, and aligns with global
sanitation initiatives such as "Swachh Bharat." Through an
analysis of existing research and technological
advancements, this study highlights the potential impact of
IoT-driven restroom management on public health and
hygiene.

II. LITREATURE REVIEW

The integration of the Internet of Things (IoT) into
sanitation and hygiene management has gained significant
attention in recent years. Researchers have explored various
aspects of intelligent public toilet management, including
hygiene monitoring, accessibility, waste management, and
IoT-based patient monitoring systems. This literature review
examines existing research on the effectiveness, challenges,
and opportunities presented by digital sanitation solutions.

A. Intelligent Hygiene Monitoring Systems

The development of intelligent hygiene monitoring systems
has played a crucial role in improving public toilet
maintenance and cleanliness. Mahalsekar et al. (2022)
proposed an Intelligent Hygiene Monitoring System for
Public Toilets, which leverages IoT sensors to track hygiene
parameters and optimize maintenance schedules [1].
Similarly, Hanganu et al. (2023) introduced a Smart Toilet
Cleanliness Detection System, utilizing loT-based sensors to
detect cleanliness levels and automate cleaning procedures

[4].
B. IoT-Based Waste Management Solutions

Efficient waste management remains a critical component of
smart sanitation systems. Patil and Gidde (2023) discussed
an JoT-Based Waste Management Approach for
Environmental Sustainability, emphasizing the role of IoT in

optimizing waste collection and disposal in public spaces [2].

Additionally, Jiang et al. (2024) reviewed the Development
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of IoT and AI for Intelligent Sanitation Systems,
highlighting Al-driven solutions for predictive waste
management and sanitation efficiency [6].

C. IoT Applications in Medical Diagnosis and Sanitation

The integration of ToT in sanitation has also been linked to
healthcare applications, particularly in medical diagnosis.
Abdulrazak et al. (2023) explored the Detection of
Excretory Functional Disorders via Bathroom Activity
Change Using Unobtrusive IoT Technology, providing
insights into how IloT-enabled sanitation systems can
support elderly healthcare and disease monitoring [3]. Koo
et al. (2020) developed an IoT System for Bathroom Safety
Enhancement, focusing on reducing risks in restrooms for
vulnerable populations, such as the elderly and disabled
individuals [25].

D. Smart Toilet Management Systems

Several studies have explored the design and
implementation of smart toilet management systems. Chen
and Zhang (2020) proposed an Intelligent Public Toilet
Management System Based on IoT, which integrates real-
time monitoring, automated cleaning, and user feedback
mechanisms [7]. Similarly, Zhou and Li (2020) designed a
Smart Toilet Management System, focusing on data-driven
maintenance and sanitation optimization [8].

Other studies by Yang and Chen (2020) and Wang and
Zhang (2020) further expanded on these concepts,
introducing loT-based restroom monitoring frameworks that
enhance efficiency and user satisfaction [9][15].

E. Accessibility and Inclusion in Public Sanitation

Purkayastha and Raheja (2022) examined the role of
Technology in Improving Accessibility and Inclusion in
Public Toilets, stressing the importance of IoT-driven
solutions in making sanitation facilities more inclusive for
individuals with disabilities [5]. Their research underscores
the potential for smart toilets to bridge accessibility gaps in
public infrastructure.

F. Global Perspectives on IloT-Based Public Toilet
Innovations

Several researchers have investigated the broader impact of
IoT-based public sanitation systems. The World Health
Organization (2021) provided insights into global strategies
for digital sanitation integration, promoting best practices
for large-scale adoption [17]. Moreover, Zhang and Lu
(2020) explored the Implementation of IoT in Restroom
Management Systems, demonstrating successful case
studies in various countries [20].

G. Behavioral and Environmental Impacts of loT-Based
Sanitation

IJERTCONV 141 S050010

Vol. 14, Issue 05, I RA 5.0 (2026)

Research has also examined the behavioral and

environmental impacts of loT-driven sanitation management.

Xu and Zhang (2020) studied how Intelligent Public Toilet
Systems Influence User Behavior, emphasizing the role of
real-time cleanliness indicators in encouraging responsible
restroom usage [14]. Similarly, Deshmukh et al. (2020)
highlighted the environmental benefits of loT-Based Public
Toilet Monitoring, showcasing reductions in water wastage
and improved sanitation practices [21].

II1I. EXISTING METHODOLOGIES

1. Traditional Cleaning and Routine Maintenance

Historically, restroom cleanliness has been maintained
through scheduled cleaning routines, where janitorial teams
follow fixed inspection and maintenance intervals. This
approach operates independently of real-time restroom
usage or sanitation conditions.

Challenges:

e Cleaning may be conducted too frequently or
infrequently, leading to either unnecessary resource
utilization or inadequate hygiene maintenance.

e Lack of real-time feedback on restroom conditions
results in delayed responses to cleanliness issues.

e Variability in human oversight can contribute to
inconsistent hygiene levels.

2. Sensor-Driven Restroom Monitoring Systems

With advancements in IoT and smart technology, various
sensors are now employed to monitor restroom cleanliness
and functionality in real-time. These systems help in
detecting occupancy, air quality, and potential sanitation
hazards.

Examples of Sensor-Based Technologies:

e Motion and Infrared Sensors: Identify restroom
occupancy and can trigger automatic flushing.

e Gas and Odor Detection Sensors: Assess air quality
by monitoring ammonia, hydrogen sulfide, and
volatile organic compounds (VOCs).

e Moisture Sensors: Detect leaks, wet floors, or
excessive humidity, helping prevent safety and
hygiene risks.

Limitations:

e Despite enhancing automation, these systems still
require human intervention for thorough cleaning.

e Some sensors may struggle to distinguish
temporary spikes in odors from persistent hygiene
issues, resulting in false alerts.

3. RFID and QR Code-Based Staff Monitoring
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To improve accountability in cleaning operations, some
facilities have implemented RFID and QR code tracking
systems for janitorial teams.

How It Works:
e Each cleaning personnel is assigned an RFID
badge or QR code.

e Upon arrival, staff members scan their credentials
to log their presence.

e The system tracks attendance records and cleaning

frequency, ensuring that maintenance tasks are
being performed regularly.

Challenges:

e Does not confirm actual cleaning quality—staff can
log attendance without completing their tasks
thoroughly.

e Potential system exploitation, such as scanning

without  performing  maintenance, requires
additional oversight.

4. IoT-Integrated Smart Restroom Solutions

Advanced IoT-based restroom management integrates

multiple technologies to automate and optimize hygiene
control. These systems provide a data-driven approach to
restroom maintenance.

Key Features:

e Automated flushing, air purification, and

ventilation triggered by sensor input.

e  Wireless connectivity (GSM, Wi-Fi, or Bluetooth)
to transmit restroom condition alerts to
management.

e Data analytics dashboards for tracking restroom
usage trends and hygiene levels.

Challenges:
e High initial investment in infrastructure and
technology.

e Requires stable internet and power supply for
uninterrupted functionality.

5. Al-Powered Predictive Cleaning Models

Some next-generation restroom maintenance systems
leverage artificial intelligence (AI) and machine learning
(ML) to anticipate when cleaning should be performed
rather than relying on fixed schedules.
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How It Functions:

e Al models analyze historical restroom usage
patterns, environmental data, and sensor readings.

e The system forecasts cleaning requirements
dynamically, ensuring maintenance aligns with
actual restroom conditions.

e Machine learning algorithms distinguish temporary
fluctuations in cleanliness indicators from genuine
sanitation concerns, reducing unnecessary alerts.

Challenges:

e Requires large-scale data collection and training to
function effectively.

e Computational costs may limit accessibility for
smaller businesses or facilities.

Table 3: Methodology comparison.

Methodology Comparison Table:

Approach Advantages Challenges
. . I istent scheduli
Routine Simple and cost- noonsistent schedu ng,
. . lacks real-time
Cleaning efficient .
monitoring
. . .M fal
Sensor-Driven ||Provides real-time| \, - generate  false
e . . alarms, needs manual
Monitoring hygiene data . .
verification
RFID/QR- D li
Q Enhances staff]| 0% not |Vl idate
Based - cleaning quality, risk of]
. accountability .
Tracking misuse
TloT-Enabled Redu(.:es . manual Requlres high
oversight,  improves||investment and
Systems . ..
efficiency connectivity
Al-Based Optimizes cleaning||Data-intensive and
Predictive schedules, prevents||computationally
Models sanitation issues expensive
IV. PROPOSED WORK
This project introduces an loT-driven restroom sanitation
system aimed at enhancing cleanliness and reducing the
spread of infections. The system leverages automation to
ensure that restrooms remain hygienic and well-maintained.
By continuously monitoring various parameters, the system
provides real-time insights and automates essential
maintenance tasks to minimize human intervention.
Page 3
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The system is composed of several key components, each
fulfilling a specific role in maintaining optimal hygiene
standards:

1. Infrared Sensor for Smart Flushing:

o

An infrared (IR) sensor detects when an
individual enters the restroom and tracks their
presence.

Once they leave, it activates an automated
flushing system to maintain hygiene by ensuring
proper waste disposal.

This approach eliminates the need for manual
flushing, preventing contact-based contamination
and promoting efficient water usage.

2. Gas Sensors for Air Quality Management:

)

Advanced odor and ammonia
continuously monitor restroom air quality.
If the odor level surpasses a predefined limit, an
air freshening mechanism or ventilation system is
automatically activated.

This ensures a pleasant restroom experience
while preventing the buildup of harmful airborne
substances.

SE€NSOors

3. RFID-Based Attendance Verification for Cleaning
Staff:

[¢]

O

O

A Radio Frequency Identification (RFID) scanner
is placed at the restroom entrance.

Maintenance personnel are required to scan their
identification cards before beginning cleaning
tasks.

This feature enables automated attendance
tracking, ensuring accountability and consistent
cleaning schedules.

Supervisors can access detailed logs regarding
cleaning frequency and personnel performance.

4. GSM Module for Real-Time Maintenance
Notifications:
o A Global System for Mobile Communication

(GSM) module is integrated to send alerts when
maintenance is required.

If cleanliness conditions fall below an acceptable
threshold—such as high odor levels or delayed
cleaning schedules—an automated message is
sent to the designated maintenance team.

This  proactive approach ensures timely
intervention, preventing sanitation issues before
they escalate.

5. Centralized Monitoring & Data Analytics:

[¢]

All collected sensor data is transmitted to a
central dashboard, allowing facility managers to
remotely track restroom conditions.

The dashboard provides real-time reports on
cleanliness levels, usage trends, and maintenance
activities.

If any irregularities are detected—such as
malfunctioning sensors or unclean conditions—
the system triggers instant alerts, ensuring swift
corrective actions.

Anticipated Benefits

Improved Hygiene & Safety: Automated systems
minimize human error, ensuring consistently clean
restrooms.
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Analyze Data

Al & Analytics

Reduced Risk of Infection: Regular flushing and
air purification help prevent the spread of bacteria
and airborne contaminants.

Streamlined Maintenance Operations: Real-time
alerts enable cleaning staff to address issues
promptly, preventing restroom neglect.

Resource Optimization: Sensor-driven water usage
and air freshening mechanisms ensure efficient
consumption of resources.

loT Devices

]

Collect Data

-

Edge Devices

]

Process Data

loT Gateway

Transmit Dea T Dala Transmission

/ \

Data Transmisson Dt Tensmission
“ |
| |
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i i ! !

Smart Homes & Buildings

Smart Cities ’ Healthcare Systems Industral loT

Transportafion Systems

Insights & Decisions

Figure 1: IoT System Architecture

This figure should be included in the Introduction or

System Overview section, where the fundamental role of
in

IoT

restroom  management  is discussed.

Figure 1 illustrates the architectural framework of the IoT-
based restroom monitoring system, depicting the interaction
between various smart devices, sensors, and data-processing

units.
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Input Input
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Figure 2: Proposed System Block Diagram

This diagram fits best within the Methodology section, as it
provides a structured representation of how different
components are integrated.

Table 2 presents a comparative analysis of different sensor
technologies, evaluating their efficiency, accuracy, and
suitability for IoT-enabled restroom hygiene monitoring.

Table 3: Hardware Components and Specifications

Figure 2 presents the block diagram of the proposed system, | Component || Specifications || Purpose
demonstrating the interconnection between sensors, . Functions as the
controllers, and cloud infrastructure for seamless restroom  |Microcontroller|| -Mega328,8-bit | processing
monitoring and management. AVR, 16 MHz unit
Fig. 3: Central Hub Station for Monitoring Detection range: 5-10 Identifies user
IR Sensor meters, energy-

. resence
efficient p

VOC detection,

e Assesses restroom
sensitivity range: 0-

Odor Sensor . .
air quality

Figure 3: Centralized Monitoring Hub

Placement: Sample System Deployment section is the ideal
location for this figure, as it showcases how real-time
monitoring is executed.
Figure 3 depicts the centralized monitoring hub, which
serves as the core unit for data collection, processing, and
visualization, ensuring efficient restroom management.

Table 2: Comparison of Sensor Technologies

1000 ppm
SIMBOOL, supports || Transmits alerts to
GSM Module 2G networks maintenance staff
Operates at 125 kHz, Monitors
RFID Reader || effective range: 10 attendance of
cm cleaning personnel
LCD Display |16x2 character matrix Provides restroom
status updates

Table 3: Hardware Specifications and Components

Placement: This table belongs in the System Design or
Hardware Specifications section, where the hardware
elements of the proposed system are outlined.
Table 3 provides detailed specifications of the hardware
components incorporated into the system, highlighting their
functions and technical capabilities.

V. CONCLUSION

The application of IoT in restroom management marks a

Sensor Type Prlma.ry Usage/Application significant step toward enhancing hygiene standards,
Function streamlining resource usage, and improving overall user
Enables automatic satisfaction. This review has examined various sensor
Islégszrfd (IR) Deiigtjel;szg?nd flushing, detects user techno@ogies, system architectures, and dqployment
presence strategies that contribute to the development of intelligent
Odor Detection|| Monitors odor Used for air quality restr(?qrp monitoring solutions. Through real-time data
Sensor intensity levels assessment acquls%tloln, automated cont?ol mechanlsms, and c.loud-
- based insights, these systems improve operational efficiency

Identifies while minimizing maintenance expenses.

Ammonia Gas ammonia Ensures safety and

Sensor concentra'Fion in || hygiene compliance However, several challenges persist, including concerns
the air over data security, user privacy, and the substantial costs
Water Clarity || Evaluates water || Applied in wastewater associated with initial implementation. Addressing these
Sensor purity levels analysis issues requires advancements in encryption techniques, the
RFID Reads staff ID fievelopmept of more gffordable sensor teghnologies, and
Identification cards for Tracks attendance of improved 1n.ter0per'f1b1hty between [oT df.)VlceS jco suppprt
Scanner authentication cleaning personnel seamless  integration. As technological innovation

Table 2: Comparative Analysis of Sensor Technologies

Placement: This table is best suited for the Literature
Review or Technology Selection section, where various
sensor technologies used in restroom monitoring are
compared.
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progresses, smart restroom management systems are poised
to become a fundamental component in promoting hygiene,
sustainability, and efficiency across various public and
commercial facilities.

VI. FUTURE SCOPE
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The The adoption of [oT in restroom management continues
to evolve, presenting vast opportunities for further
innovation and refinement. Advancements in this field can
address existing limitations while unlocking new
possibilities for efficiency and sustainability. Future
research and development should focus on the following key
areas:

1. Strengthening Data Security and Privacy — As
IoT devices rely on real-time data transmission and
cloud storage, implementing advanced encryption
techniques and multi-layer authentication will be
crucial to protecting user privacy and preventing
security breaches.

2. Affordable and Energy-Efficient Sensor
Technologies — The cost of deploying loT-based
restroom systems remains a barrier to widespread
adoption. Future advancements should prioritize
the development of economical, low-power sensors
that ensure accuracy while minimizing operational
expenses.

3. Al-Powered Predictive @ Maintenance —
Integrating machine learning algorithms can
enhance predictive maintenance by analyzing
sensor data to anticipate potential system failures.
This approach can help reduce downtime and
optimize resource utilization.

4. Seamless Interoperability and Standardization —
For effective implementation, future restroom
management systems must support seamless
communication among diverse IoT devices.
Establishing universal protocols and standards will
enhance compatibility and scalability.

5. Sustainable Resource Management — Intelligent
monitoring and automated control mechanisms can
further optimize water and energy consumption,
promoting eco-friendly restroom management
practices. IoT-driven sustainability solutions will
be vital for conservation efforts.

6. Integration with Smart Urban Infrastructure —
The next phase of IoT-enabled restrooms will
involve their integration with larger smart city
networks. Centralized data sharing and remote
monitoring across public facilities can significantly
enhance sanitation and operational efficiency.

7. Enhancing User Experience through AI
Personalization — Implementing Al-driven
features, such as adaptive hygiene settings and
automated feedback systems, can create a more
user-centric experience by catering to individual
preferences and needs.

As IoT technology advances, its role in restroom
management will continue to expand, contributing to
improved hygiene, cost-effectiveness, and sustainability.
Ongoing research and technological breakthroughs will be
instrumental in addressing current challenges and fully
realizing the potential of smart restroom systems.
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