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ABSTRACT:

Access to clean and reliable water remains a global challenge, intensified by urbanization, population growth, and environmental degradation. This paper presents
an innovative loT-based system designed to simultaneously monitor water quality and manage its distribution in real-time. The system integrates low-cost sensors
to measure key quality parameters such as pH, turbidity, temperature, and electrical conductivity, ensuring compliance with safety standards. It also employs flow
and level sensors to optimize distribution efficiency and detect leakage or overconsumption. An ESP32 microcontroller serves as the central unit, transmitting
sensor data to a cloud-based dashboard for live monitoring and historical analytics. Smart control of valves and pumps is automated based on data trends and
threshold conditions, reducing human intervention and operational costs. The platform supports remote access via web and mobile applications, enabling authorities
and users to receive alerts and take timely actions. This integrated solution is scalable for both urban utilities and rural water networks, aiming to enhance
sustainability, improve public health, and promote intelligent water resource management.
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INTRODUCTION

Water is one of the most essential natural resources, playing a critical role in public health, agriculture, and industry. However, the increasing global
population, urbanization, and environmental pollution have placed tremendous pressure on existing water resources. Many regions are facing acute water
shortages, while others struggle with contaminated or inefficiently managed supplies. Traditional water distribution systems often rely on manual
monitoring and control, which can lead to delayed responses in detecting leaks, contamination, or overconsumption. These limitations underscore the
need for modern, intelligent systems that can ensure the efficient and safe distribution of water.Recent advancements in the Internet of Things (loT) have
paved the way for smart water management solutions. IoT enables real-time data collection and automated decision-making by integrating sensors,
communication networks, and cloud platforms. In the context of water systems, 10T can be used to continuously monitor water quality parameters such
as pH, turbidity, temperature, and electrical conductivity. It also facilitates the control of water distribution using flow sensors, level detectors, and
motorized valves. These capabilities help detect abnormalities early, prevent resource loss, and ensure compliance with water quality standards.The
proposed system in this study leverages loT technology to develop a comprehensive water distribution and monitoring platform. It uses an ESP32
microcontroller for processing and communication, along with a set of sensors for tracking both quality and flow metrics. Data is transmitted to a cloud-
based dashboard where users can monitor conditions in real time, receive alerts, and analyze historical trends. Automated control mechanisms adjust
water flow based on sensor readings, ensuring optimal usage and minimizing waste. The system is designed to be energy-efficient, scalable, and suitable
for both urban smart cities and underserved rural areas.

By implementing such a system, water management authorities can significantly improve operational efficiency, reduce human error, and make proactive
decisions based on real-time data. This approach not only supports environmental sustainability but also enhances public health by ensuring that
distributed water is safe for consumption. As smart infrastructure continues to evolve, loT-based water systems represent a key step toward building
resilient, data-driven utilities that can adapt to future challenges.

In addition to improving water distribution and quality monitoring, loT-based systems offer valuable benefits such as predictive maintenance and resource
optimization. By continuously analyzing sensor data, the system can identify patterns that indicate potential issues like pipe corrosion, contamination
sources, or abnormal consumption behavior. These insights allow utility providers to address problems before they escalate, reducing downtime and
maintenance costs. Furthermore, integrating mobile and web-based dashboards enhances transparency and community engagement by allowing end-users
to track their water usage and receive alerts. This not only promotes water conservation but also builds trust between service providers and consumers
through accountability and real-time communication.
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Literature Review

Over the past decade, researchers and engineers have explored the application of Internet of Things (1oT) in the field of water management, focusing on
both quality monitoring and distribution optimization. Various systems have been developed to monitor essential water parameters such as pH, turbidity,
and temperature using low-cost sensors integrated with microcontrollers. These systems have demonstrated the potential to detect contamination in real
time and provide timely alerts to both users and authorities. However, many of these implementations are isolated to either water quality or distribution
control, rather than offering an integrated, scalable solution that combines both functions.

Patel et al. (2020) designed an loT-based water quality monitoring system that used sensors to monitor pH and turbidity, transmitting the data through a
GSM module to a cloud platform. While the system provided basic quality information, it lacked automation in water supply control and did not include
analytics for trend observation or decision-making. Similarly, Ahmed and Rao (2019) proposed a real-time monitoring setup using Arduino and Wi-Fi
for urban areas, but it was limited in terms of coverage, data security, and power efficiency, which are crucial for rural and remote environments.

On the distribution side, Kumar and Sen (2021) developed a smart water distribution system with flow sensors and solenoid valves controlled by a central
server. Their system enabled leakage detection and automated flow regulation based on demand patterns. However, it did not incorporate water quality
checks, which are essential for ensuring the health and safety of consumers. Additionally, the system required continuous internet connectivity and did
not support offline operation, which can be a limitation in areas with unstable networks.

Recent studies have begun to explore more comprehensive solutions. For instance, Sharma et al. (2022) proposed a hybrid system that monitored water
quality and used machine learning to predict contamination events. While innovative, the complexity and cost of machine learning integration make it
difficult to implement in low-resource settings. Therefore, there is a growing need for low-cost, reliable, and easy-to-deploy systems that can provide
both water quality assurance and intelligent distribution control. This research builds upon the existing literature by proposing a unified system that uses
an ESP32 microcontroller to collect, process, and transmit real-time data for both water monitoring and distribution control, aiming to fill the gap between
affordability, functionality, and scalability.
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Figure 1. Block Diagram of IOT BASED Water Distribution &Quality Monitoring System

System Development

The proposed loT-based system is designed to perform two primary functions: real-time water quality monitoring and intelligent water distribution
control. To achieve these objectives, the system architecture integrates hardware and software components that work collaboratively to sense, analyze,
and act upon data collected from various parts of the water supply network. The core of the system is built around the ESP32 microcontroller, chosen for
its dual-core performance, low power consumption, and integrated Wi-Fi and Bluetooth capabilities.

3.1 Hardware Components

The system includes multiple sensors to measure key water quality parameters. A pH sensor monitors the acidity or alkalinity of the water, while a
turbidity sensor detects suspended particles and potential contaminants. A temperature sensor ensures thermal conditions remain within acceptable limits,
as high or low temperatures can affect water safety and system efficiency. Additionally, electrical conductivity or TDS (Total Dissolved Solids) sensors
are used to assess mineral content. For distribution monitoring, flow rate sensors measure water movement through pipelines, and ultrasonic or float-
level sensors monitor storage tank levels to avoid overflows or shortages.
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These sensors are connected to the ESP32 through analog and digital pins, depending on the sensor type. The microcontroller processes the sensor signals,
filters the data, and transmits it to the cloud using its built-in Wi-Fi module. For actuation, solenoid valves and submersible pumps are interfaced with
relay modules, enabling the system to control the flow of water based on programmed conditions.

3.2 Software Architecture

The system is programmed using the Arduino IDE, with libraries for sensor calibration, Wi-Fi communication, and HTTP/MQTT protocols for data
transfer. The software is divided into multiple tasks: sensor reading, data validation, threshold checking, cloud uploading, and actuator control. Data is
uploaded to a cloud platform such as ThingSpeak or Firebase, where it can be visualized on a web dashboard. Alerts for abnormal readings—Iike low pH
or high turbidity—are sent to users via Blynk notifications or email through IFTTT integration.

A local fail-safe mechanism is also implemented, allowing the ESP32 to make basic decisions even when internet connectivity is lost. For instance, if
turbidity exceeds a set threshold, the system can autonomously shut off the distribution valve and log the event for future upload.

3.3 Power Supply and Communication

The system is designed for energy efficiency and remote deployment. A solar panel paired with a battery backup ensures uninterrupted operation in areas
with limited access to electricity. Communication is handled through Wi-Fi for urban setups, while LoRa (Long Range Radio) modules are proposed for
rural areas where Wi-Fi coverage is limited, allowing sensor nodes to communicate with a centralized ESP32 gateway

3.4 User Interface

Users interact with the system through a cloud-based dashboard and a mobile app. The dashboard provides real-time graphs, historical trends, and

downloadable logs. It also allows users to configure alert thresholds and control distribution components manually if required. The mobile app mirrors
key dashboard functionalities and provides instant notifications for events such as contamination detection or low reservoir levels.

Figure 1. Assembled Hardware Kit of IOT BASED Water Distribution &Quality Monitoring System.
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Figure 1. Software Dashboard in mobile of IOT BASED Water Distribution &Quality Monitoring System.

Conclusion

This paper presents an loT-based system that effectively monitors water quality and manages distribution in real-time. Using sensors and an ESP32
microcontroller, the system detects changes in pH, turbidity, and flow, while enabling remote access and automated control. It enhances water safety,
reduces wastage, and supports timely decision-making through cloud-based dashboards. Designed to be low-cost and scalable, the system is suitable for
both urban and rural areas. With solar power support and remote alerts, it offers a sustainable solution to modern water management challenges.
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