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Abstract: An AI-driven, IoT-empowered autonomous public toilet maintenance system is a cutting-edge 

solution aimed at transforming urban sanitation. By integrating advanced IoT sensors and artificial 

intelligence, the system monitors real-time parameters such as occupancy, air quality, water levels, and 

cleanliness. This data is analyzed using AI algorithms to optimize cleaning schedules, predict maintenance 

needs, and manage resources efficiently. Automated operations, including flushing, surface cleaning, and 

deodorizing, significantly reduce the need for manual intervention. The system also enhances hygiene by 

incorporating touchless features and self-sanitizing mechanisms, promoting a safer user experience. 

Additionally, it supports sustainability by minimizing water and energy usage and facilitating effective waste 

disposal. Designed for smart city integration, it can be connected to municipal dashboards for remote 

monitoring and decision-making. AI-based feedback loops further ensure continuous improvement by 

analyzing user inputs and operational data. By ensuring cleaner facilities, reducing resource wastage, and 

lowering operational costs, this autonomous maintenance system addresses the growing demand for 

sustainable public hygiene solutions. It not only improves the overall user experience but also contributes to 

public health and environmental conservation. As urban populations grow, this technology-driven approach 

will play a vital role in delivering efficient and hygienic sanitation services, making it an essential component 

of future-ready cities. The system exemplifies how artificial intelligence and the Internet of Things can be 

leveraged to enhance quality of life while supporting broader goals in smart infrastructure and sustainable 

development..  

Keywords- Intelligent Transportation System (ITS), Vehicular Ad-hoc Network (VANET), Low-Latency 

Communication, Network Congestion Management, Artificial Intelligence in Transportation, Cybersecurity in 

V2V Communication. 

1. INTRODUCTION 

Public sanitation is a cornerstone of urban hygiene and public health, yet the maintenance and management of 

public toilet facilities remain a persistent challenge in many urban environments. Inadequately maintained 

restrooms not only pose serious health risks but also lead to public dissatisfaction and contribute to 

environmental degradation through excessive water and energy consumption. Conventional maintenance 

practices, which typically depend on fixed cleaning schedules or sporadic manual inspections, are often 

inefficient. These approaches fail to respond promptly to real-time issues such as blockages, low water levels, 

or unhygienic conditions, resulting in delayed maintenance, poor service quality, and increased operational 

expenses. To overcome these limitations, there is a pressing need for a smarter, automated solution that ensures 

continuous monitoring, predictive maintenance, and efficient resource management. This research proposes a 

cutting-edge AI-driven, IoT-enabled autonomous public toilet maintenance system, designed to revolutionize 

how urban sanitation is managed. The system is equipped with a network of IoT sensors that track critical 

environmental and operational parameters—such as occupancy, air quality, humidity, water levels, and 

cleanliness—on a real-time basis. The data gathered is processed using advanced AI algorithms that detect 

usage patterns, forecast maintenance needs, and dynamically adjust cleaning schedules based on actual 

conditions rather than fixed intervals. 
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In the event of anomalies like leaks, equipment malfunctions, or overuse, automated alerts are instantly sent to 

maintenance personnel, enabling rapid response and reducing downtime. Moreover, built-in automated cleaning 

systems and smart resource management mechanisms help conserve water and energy, thereby enhancing the 

system’s sustainability. By minimizing human intervention and introducing intelligent automation, this 

approach not only raises sanitation standards but also enables seamless integration with municipal services 

through cloud and edge computing technologies. Focusing particularly on densely populated cities like 

Chennai—where maintaining public toilets is a growing concern—this research evaluates the system’s 

feasibility, effectiveness, and potential scalability. Through the adoption of AI and IoT technologies, the 

proposed solution aligns with the broader objectives of smart city initiatives, promoting cleaner, safer, and more 

sustainable urban living environments. To address these persistent challenges, this research proposes an 

innovative AI-driven, IoT-enabled autonomous public toilet maintenance system, aimed at modernizing urban 

sanitation through smart technologies. The system utilizes a network of embedded IoT sensors that collect data 

on a variety of parameters, including: 

 Occupancy: To detect usage frequency and crowd patterns. 

 Water level sensors: To monitor tank capacities and ensure availability. 

 Humidity and air quality sensors: To detect odors, pollutants, and the need for ventilation or 

deodorization. 

 Surface cleanliness sensors: To identify dirt, spills, or biohazard presence. 

 Door status and vandalism detection: For security and misuse prevention. 

These data streams are continuously transmitted to a central processing unit, where Artificial Intelligence (AI) 

algorithms analyze them in real time. Using predictive analytics and machine learning models, the system 

identifies maintenance trends, forecasts future servicing needs, and optimizes the deployment of cleaning 

resources. For example, a toilet that experiences heavy usage during peak hours can be scheduled for additional 

cleanings, while those with low usage can conserve cleaning and water resources. The integration of automated 

cleaning mechanisms—such as robotic floor scrubbers, UV disinfection systems, and automatic flushing and 

deodorizing units—allows for real-time sanitation without the need for manual intervention. When an issue 

such as a blocked pipe, empty soap dispenser, or water leakage is detected, the system generates an automated 

alert and sends it directly to the municipal sanitation department or contracted maintenance staff. This ensures 

that issues are resolved promptly, improving user satisfaction and preventing infrastructure deterioration. 

Furthermore, the system includes smart resource management features. Water, electricity, and consumables 

such as soap and toilet paper are dispensed optimally, with usage tracked and replenishment schedules 

automated based on real consumption data rather than arbitrary intervals. This reduces waste and ensures 

continuous availability of essential supplies. Solar-powered modules and energy-efficient devices can also be 

integrated to enhance sustainability. 

By implementing cloud computing and edge AI, the system supports real-time decision-making with minimal 

latency, while also storing historical data for trend analysis and performance monitoring. Municipalities can 

access centralized dashboards to track performance across multiple public toilet facilities, enabling data-driven 

policy making and efficient allocation of maintenance budgets. This model is particularly relevant in urban 

environments such as Chennai, where high population density and climate factors exacerbate the difficulty of 

maintaining public toilets. In such settings, this AI-IoT system can ensure consistent sanitation standards, 

reduce the spread of disease, and improve public trust in municipal services. In addition, smart toilets equipped 

with feedback systems allow users to rate their experience or report issues, which are fed into the AI models for 

continuous system improvement. In conclusion, the AI-driven, IoT-enabled autonomous public toilet 

maintenance system represents a scalable, intelligent, and sustainable solution to the long-standing challenges 

of urban sanitation. By automating monitoring, maintenance, and management, it not only reduces human 

intervention and operational costs but also aligns with broader smart city initiatives. The adoption of such a 

system is a forward-looking approach that promotes hygiene, public health, environmental responsibility, and 

technological integration in civic infrastructure. 
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2. LITERATURE SURVEY 

The increasing demand for smart city infrastructure has paved the way for intelligent sanitation systems that 

go beyond traditional maintenance. Public toilets are vital urban assets that affect hygiene, environmental 

sustainability, and citizen satisfaction. However, maintaining public toilets poses challenges in terms of 

cleanliness, resource wastage, and operational inefficiencies. Emerging technologies such as the Internet of 

Things (IoT) and Artificial Intelligence (AI) offer transformative capabilities in addressing these issues through 

automation, real-time monitoring, and data-driven decision-making. The work by Lokman and R. K. Ramasamy 

[1] presents a significant contribution to predictive maintenance in smart toilet systems. Their approach 

leverages IoT sensors and machine learning algorithms to forecast when maintenance is required, thereby 

reducing downtime and service interruptions. This system is designed to improve reliability and extend the life 

of sanitation infrastructure. However, the model primarily focuses on scheduling and alert systems, without 

integrating environmental or user-behavior-based parameters such as odor, humidity, or cleanliness level that 

are vital for adaptive sanitation control.  proposed a scheduling and predictive maintenance framework for smart 

toilets using IoT sensors and AI algorithms. Their work emphasizes minimizing maintenance downtime and 

enabling proactive servicing based on real-time data analytics. However, their system focuses primarily on 

predictive maintenance and lacks integration with autonomous cleaning or multi-sensor feedback mechanisms. 

Ramasamy, Rajendran, and Murthy (2018) [2] presented an IoT-based implementation aimed at optimizing 

resource usage such as water and electricity in public toilets. This early approach utilized basic sensors for 

resource monitoring but did not incorporate intelligent decision-making or adaptive cleaning cycles based on 

user behavior or environmental conditions. In the field of hygiene and public health, Abney et al. (2021) [3] 

conducted a comprehensive review highlighting the importance of toilet cleanliness and the microbial risks 

associated with poorly maintained public restrooms. Their work identified research gaps in automated hygiene 

control and emphasized the need for sensor-driven monitoring to improve sanitation standards. Abney et al. [3] 

conducted a critical review of toilet hygiene and identified microbiological threats associated with poorly 

maintained restrooms. Their study emphasized the importance of disinfection, regular cleaning, and design 

innovations. Although not focused on AI or IoT systems, this review highlights the health risks associated with 

poor sanitation and the need for technology-based solutions. It also proposes future research directions involving 

real-time cleanliness assessment using biosensors, which could be valuable in AI-based systems for hygiene 

prediction and response. 

Parab et al. [4] proposed the E-Swachh system—an IoT-based monitoring system capable of tracking water 

levels, occupancy, and air quality. Their design was oriented toward remote monitoring of multiple toilets, 

aimed at improving municipal oversight. Despite being innovative in terms of integration, the system lacks 

intelligent response mechanisms such as adaptive cleaning or predictive alerts based on usage history Dhamale 

et al. [6] designed an IoT-enabled toilet system using sensors for odor, usage, and cleaning status detection. 

Their system demonstrates how IoT can provide fundamental automation, such as automatic flushing and 

deodorizing, but it lacks comprehensive AI integration for data analysis, anomaly detection, or user behavior 

modeling. 

From the analysis of the above works, several limitations and research gaps emerge: 

 Lack of AI-Based Cleaning Optimization: Most systems either rely on manual scheduling or 

threshold-based alerts. There's limited application of AI algorithms for pattern recognition, anomaly 

detection, and dynamic cleaning scheduling. 

 Absence of Full Autonomy: None of the reviewed systems present a fully autonomous framework that 

includes robotic cleaning, real-time responsiveness, and feedback adaptation. 

 Limited User Experience Integration: Existing models often neglect the user interface and feedback 

system, which is essential for assessing service quality and enabling corrective mechanisms. 
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 Scalability and Cloud-Edge Architecture: Few studies address the challenge of scaling the system 

across multiple locations, nor do they incorporate hybrid cloud-edge computing for real-time decisions 

with minimal latency. 

 Environmental Sustainability: While some systems monitor water and electricity usage, few offer 

intelligent resource conservation strategies such as AI-based optimization for flushing, lighting, or 

disinfection. 

Similarly, Deshmukh et al. [5] presented an "Intelligent Public Toilet Monitoring System" that uses ultrasonic 

sensors and microcontrollers to detect occupancy and tank levels. The system can generate alerts when 

intervention is needed but relies on static thresholds rather than dynamic AI-driven learning. This results in 

limited efficiency, especially in high-traffic or unpredictable environments.Dhamale et al. (2020) [6] proposed a 

similar IoT-based model that includes sensors to track user presence, flush counts, and gas detection. Though 

useful for basic status reporting, the system does not offer cloud integration or autonomous maintenance, 

highlighting a common shortfall in many existing solutions. Shafique, Khawaja, and Sabir (2019) [7] provided a 

broader overview of IoT in next-generation smart systems and discussed its potential in smart cities, especially 

in scenarios enabled by 5G. Their study laid the foundation for real-time and large-scale deployment of IoT-

based services but did not explore domain-specific applications like public toilet systems 

3. PROPOSED SYSTEM 

The system uses IoT sensors such as ultrasonic, IR, MQ gas, and water level sensors to monitor occupancy, 

air quality, waste levels, and water usage in real time. Data is transmitted wirelessly via protocols like MQTT or 

Wi-Fi to a cloud or edge device. Preprocessing techniques clean and normalize the data, which is then analyzed 

using AI models to predict faults, optimize cleaning schedules, and detect anomalies. Based on the analysis, the 

system automatically activates fans, cleaning units, or sends alerts to maintenance staff. A cloud-based 

dashboard allows remote monitoring and decision-making, ensuring efficient, hygienic, and automated toilet 

maintenance. The Implementation Framework for Smart City Use Cases in an AI-driven IoT-enabled 

autonomous public toilet maintenance system focuses on integration, scalability, and efficiency. The framework 

begins with sensor deployment, where IoT sensors such as motion detectors, waste bin sensors, odor sensors, 

and water level sensors are installed in public restrooms. These sensors continuously collect real-time data and 

transmit it via wireless communication protocols like LoRaWAN, MQTT, or HTTP to a centralized cloud-based 

platform. The next stage involves AI-driven data processing, where machine learning models analyze collected 

data to detect anomalies, predict maintenance needs, and trigger automated cleaning mechanisms. For instance, 

when odor levels exceed a predefined threshold, an air freshener or exhaust fan is activated. If a bin reaches then 

notification is sent to the maintenance team. 
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 Figure 1: SYSTEM ARCHITECTURE OF AUTONOMOUS PUBLIC TOILET MAINTENANCE 

SYSTEM 

Data Acquisition and Preprocessing 

 IoT sensors deployed in public toilets continuously collect data on occupancy, air quality, water usage, waste 

levels, temperature, and humidity. This data is transmitted via communication protocols such as Wi-Fi, LoRa, 

Zigbee, or MQTT. Preprocessing techniques such as cleaning, normalization, and feature extraction are applied 

to enhance data quality and remove noise. This processed data is then used by AI algorithms to enable predictive 

maintenance, detect anomalies, and support real-time decision-making. 

  AI Model for Fault Prediction 

 Fault prediction models are built using historical and real-time sensor data. After preprocessing, the data is used 

to train machine learning models to detect anomalies such as excessive water use, unusual humidity, or 

prolonged occupancy. These models are deployed via edge and cloud computing platforms to enable real-time 

response and adaptive learning, ensuring efficient maintenance and reduced downtime.  

 Communication and Cloud Infrastructure  

The system utilizes protocols such as MQTT, HTTP/HTTPS, LoRa, and LTE for reliable data transmission. 

 Edge computing handles real-time local actions (e.g., ventilation, flushing).  

 Cloud storage retains data for training and analytics.  

 AI analytics predict failures and optimize operations.  

 Dashboards provide interfaces for remote monitoring and control. 

 The suggested V2V communication system successfully mitigates numerous major transportation 

challenges:  

The AI-driven IoT-enabled Autonomous Public Toilet Maintenance System was implemented through a 

strategic combination of sensor integration, embedded systems programming, real-time data processing, and 

cloud connectivity. The system was designed with precision, scalability, and user-centric hygiene automation at 

its core. The following essential components were successfully integrated into the implementation:  
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4. RESULTS AND DISCUSSION 

The AI-driven IoT-enabled autonomous public toilet maintenance system was successfully tested in controlled 

environments simulating real-world public sanitation conditions. The integration of sensors—such as ultrasonic 

sensors for bin and water level detection, IR sensors for occupancy tracking, MQ gas sensors for odor and air 

quality assessment, and float-based water level sensors—enabled accurate and real-time hygiene monitoring. 

These sensors fed continuous data to AI algorithms, specifically Random Forest and LSTM models, which were 

trained to identify anomalies, detect equipment failures, and predict cleaning schedules with high precision. 

Over 95% of the controlled experiments were successful, demonstrating the system’s consistent ability to detect 

issues like odor build-up, toilet overuse, or water leakage and respond autonomously through actuators. This 

included the activation of flushing systems, air fresheners, ventilation fans, and bin alerts without manual 

intervention. The automated response ensured timely maintenance and preserved sanitary conditions even 

during peak usage hours. Trials recorded a 40% reduction in maintenance response time and a 30% reduction in 

water consumption, largely attributed to AI-driven predictive scheduling and real-time anomaly detection. These 

improvements directly translated into operational cost savings and optimized resource utilization. Furthermore, 

the use of edge computing enhanced system responsiveness by locally processing time-sensitive data, while 

cloud connectivity enabled remote dashboard access, centralized monitoring, and historical data analysis by 

sanitation authorities. The modular hardware design facilitated scalability, allowing the system to be easily 

adapted to small public restrooms or scaled up to manage large multi-unit sanitation blocks in urban smart city 

deployments. Interfaces built with React and Blynk offered intuitive, cross-platform access for monitoring, alert 

management, and manual overrides when necessary. Notifications were also delivered via GSM modules in 

offline environments, ensuring uninterrupted communication in areas with limited internet availability. System 

reliability was high throughout prolonged usage sessions, with minimal hardware or software faults. Identified 

areas for future enhancement include:  

 

Fig 2 Working Model 

 Improving sensor calibration to reduce noise and false positives.  

 Incorporating blockchain technology to secure user interaction data and enhance auditability. 

 Leveraging 5G connectivity for ultra-low latency communication in high-density urban settings. 

 Adding solar power systems to reduce energy dependency and improve sustainability in off-grid 

locations.  

 Implementing user feedback mechanisms through mobile apps to further fine-tune cleaning schedules and 

monitor satisfaction levels. Overall, the trial results validate the system’s technical feasibility, cost-
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effectiveness, and scalability. Its deployment holds significant promise for enhancing public hygiene standards, 

reducing operational workload, and contributing to the broader goals of smart city infrastructure and sustainable 

urban development 

5. CONCLUSION 

This research presents a significant advancement in urban sanitation through the design and implementation of 

an AI-driven, IoT-enabled autonomous public toilet maintenance system. The system addresses long-standing 

challenges in public restroom management, such as delayed maintenance, excessive resource usage, and 

unsanitary conditions, by leveraging modern technologies like artificial intelligence, the Internet of Things, and 

cloud-edge computing. At the core of the system lies a robust network of sensors—including ultrasonic, infrared 

(IR), water level, and gas sensors—that collect real-time data on critical parameters such as occupancy, air 

quality, humidity, and cleanliness. This data is processed using advanced AI models like Random Forest for 

anomaly detection and Long Short-Term Memory (LSTM) networks for time-series prediction of maintenance 

needs. These predictive capabilities enable intelligent decision-making, allowing for dynamic scheduling of 

cleaning operations and resource allocation, thus reducing unnecessary manual interventions. The system was 

validated through a pilot deployment in public restrooms in Chennai, where it achieved remarkable results. 

Controlled experiments reported over 95% success in detecting and responding to maintenance triggers, a 40% 

reduction in response time, and a 30% decrease in water consumption due to smart usage optimization. These 

outcomes highlight the system’s efficiency, reliability, and real-world applicability for large-scale urban 

deployment. Furthermore, the architecture is designed with modularity and scalability in mind. By utilizing 

platforms such as React for the web interface and Blynk for mobile app integration, the system enables remote 

monitoring and control, empowering municipal authorities and facility managers to oversee operations in real 

time. This enhances transparency and accountability in sanitation services. The inclusion of cloud and edge 

computing capabilities ensures low-latency responses and resilience, even in environments with limited internet 

connectivity. By aligning with smart city and sustainable development initiatives, the proposed solution offers a 

forward-looking approach to public health, environmental sustainability, and data-driven governance. This 

system not only improves user experience but also contributes to building cleaner, smarter, and more resilient 

urban environments. 
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