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ABSTRACT: Municipal water distribution and quality management systems are responsible for supplying 

safe and sufficient water to urban populations through extensive pipeline networks. However, existing 

systems mostly rely on manual monitoring and periodic testing, which leads to delayed detection of 

leakages, contamination, and uneven water distribution. These drawbacks result in water loss, poor quality 

control, and inefficient management of municipal water resources. Therefore, this project proposes Smart 

IoT-Based Municipal Water Distribution and Quality Monitoring System is designed to ensure efficient 

water supply management and continuous monitoring of water quality in municipal applications. The 

proposed system integrates multiple sensors such as pH, TDS, turbidity, water flow, and ultrasonic sensors 

to measure critical water quality and distribution parameters in real time. An Arduino Uno microcontroller 

acts as the central processing unit, collecting sensor data and displaying key values on an LCD screen for 

local monitoring. For remote supervision, a Node MCU Wi-Fi module transmits the collected data to an 

IoT cloud platform, enabling real-time visualization, alerts, and control actions. Based on predefined 

threshold conditions, the system automatically controls water flow using a relay-driven solenoid valve and 

DC pump motor, ensuring safe and efficient water distribution. An ESP32 camera module provides object 

detection and visual monitoring to identify unauthorized activities or anomalies in the water infrastructure. 

The use of dual power supplies (+5V and +12V) ensures reliable operation of both sensing and actuation 

units. Overall, this system reduces water wastage, enables early detection of contamination, and improves 

operational efficiency by combining automation, real-time monitoring, and IoT-based control, making it 

suitable for smart city and municipal water management applications. 

Keywords: Internet of Things (IoT), Municipal Water Distribution, Water Quality Monitoring, Arduino 

Uno, Node MCU Wi-Fi Module, pH Sensor, TDS Sensor, Turbidity Sensor, Smart Water Management, 

Real-Time Monitoring.

1. Introduction 

Water is a fundamental natural resource essential 

for human survival and the progression of modern 

society. In urban settings, municipal distribution 

systems are tasked with delivering safe and 

sufficient water to homes, industries, and public 

institutions. However, as urban populations rapidly 

expand, traditional distribution infrastructures face 

significant challenges due to their reliance on 

manual supervision and limited automation. This 

manual approach often results in delayed detection 

of leakages, uneven pressure, contamination risks, 



Smart IoT-Based Municipal Water Distribution and Quality Monitoring System, 2026 

Page | 241  

and high operational costs. To modernize these 

systems, the integration of Internet of Things (IoT) 

technology has emerged as a transformative 

solution. 

By utilizing an Arduino Uno for central processing 

system enables real-time data visualization and 

remote access for municipal authorities. 

Automation features, such as solenoid valves and 

dosing pumps for precise chemical treatment, 

further enhance efficiency. Ultimately, this IoT 

based approach supports sustainable development 

by reducing water wastage and ensuring public 

health through consistent, data-driven monitoring. 

And a Node MCU for cloud connectivity, the 

values and comparing them with predefined the 

proposed system integrates intelligent sensors, 

microcontrollers, and wireless communication 

modules to create a proactive management 

framework. Critical quality parameters such as pH, 

Total Dissolved Solids (TDS), and turbidity are 

continuously monitored to ensure the water meets 

safety standards.PH sensors prevent pipeline 

corrosion and health issues by maintaining optimal 

alkalinity, while TDS and turbidity sensors detect 

dissolved impurities and suspended particles. 

Beyond quality, the system optimizes distribution 

through ultrasonic sensors for tank level 

management and flow sensors for leakage 

detection. 

2. Objectives  

To continuously monitor water quality parameters 

such as pH, TDS, and turbidity to ensure safe and 

clean drinking water supply. To measure water 

levels in municipal storage tanks using ultrasonic 

sensors to prevent overflow and dry running of 

pumps. To detect water leakage and monitor flow 

rate in pipelines using flow sensors for efficient 

water distribution. To maintain proper pipeline 

pressure using pressure sensors to avoid pipe 

bursts and ensure equal supply in all areas. To 

automate pump and valve operations using DC 

pump motors and solenoid valves based on real 

time sensor data. To enable wireless data 

transmission and remote monitoring using Arduino 

Uno, Node MCU, and ESP8266 through IoT 

technology.  

3. Recent Work  

In this existing system presents, IoT-Based Real 

Time Water Quality Monitoring and Sensor 

Calibration for Enhanced Accuracy and Reliability 

was implemented. The input section consists of 

three sensors a pH sensor, a turbidity sensor, and a 

temperature sensor. The pH sensor measures the 

acidity or alkalinity of the water, which is essential 

for determining its suitability for drinking and 

industrial use. The turbidity sensor detects the 

presence of suspended particles and impurities, 

indicating the clarity of the water. The temperature 

sensor measures the water temperature, which 

influences chemical reactions and biological 

activity. All sensor outputs are fed into the Arduino 

R3 microcontroller, which serves as the core 

processing unit of the system. The Arduino 

collects, processes, and analyzes the sensor data, 

converting analog signals into digital  

 

Based on the processed data, the output devices are 

activated. An LCD is used to display real-time 

values of pH, turbidity, and temperature for local 

monitoring. LEDs provide a quick visual 

indication of water quality status, such as normal 

or abnormal conditions. Additionally, the Arduino 

communicates with the NodeMCU module, which 

enables wireless data transmission. The 

NodeMCU sends the sensor data to the Blynk web 

dashboard, allowing users to remotely monitor 

water quality through the internet. This integrated 



Smart IoT-Based Municipal Water Distribution and Quality Monitoring System, 2026 

Page | 242  

system ensures continuous, accurate, and efficient 

water quality monitoring. 

4. Proposed System Description   

In this proposed system smart IOT-Based 

Municipal Water Distribution and Quality 

Monitoring System. An Arduino Uno 

microcontroller and NodeMCU. Various sensors 

such as pH, TDS, turbidity, water flow, and 

ultrasonic sensors are interfaced with the Arduino 

Uno to continuously monitor water quality 

parameters, flow rate, and water level. An ESP32 

camera is included for object detection and visual 

monitoring. All sensors are powered using a +5V 

power supply, and the collected data is processed 

by the Arduino microcontroller. The measured 

values are displayed locally on an LCD display for 

real-time observation. The processed sensor data is 

also transmitted to the cloud through the 

NodeMCU Wi-Fi module, enabling IoT-based 

remote monitoring of pH level, water flow level, 

and object detection status. Based on predefined 

conditions or remote user commands, control 

signals are sent back from the IoT platform to the 

Arduino. A 2-channel relay module is used as an 

interface between the low-power Arduino and 

high-power devices. Using a +12V power supply, 

the relay controls actuators such as a solenoid 

pump motor and a DC pump motor for automated 

water flow control. The electronic relay ensures 

safe isolation between control and power circuits. 

Overall, this system provides an efficient, realtime, 

and automated solution for water quality 

monitoring and smart pump control using IoT 

technology.  

5. Results and Discussion  

The implementation of the Smart IoT-Based 

system yielded a highly responsive and accurate 

monitoring environment. Experimental results 

confirmed that the integrated sensors pH, TDS, 

and turbidity provided real-time data with minimal 

deviations from standard laboratory instruments, 

establishing the system's reliability. The hardware 

view of the completed project demonstrates a 

successful integration of the Arduino Uno, 

NodeMCU, and various sensors into a cohesive 

functional unit. During testing, the automation 

logic effectively managed water levels and flow. 

For instance, the ultrasonic sensor accurately 

triggered the DC pump motor to maintain optimal 

tank levels, preventing both overflow and dry 

running. The system’s ability to transmit data 

wirelessly to an IoT cloud platform allowed for 

continuous surveillance and immediate alerts upon 

detecting abnormal parameters. Discussions 

regarding the system's performance highlighted 

that while the sensors are highly effective, periodic 

calibration remains necessary to maintain long-

term accuracy, particularly for the turbidity sensor. 

Overall, the results indicate that the system 

significantly improves operational transparency 

and resource conservation compared to traditional 

manual methods.  

6. Preparation of Figures and Tables  

Fig 1.The system's architecture is built around a 

centralized control and sensing framework. At its 

core, the Arduino Uno serves as the primary 

microcontroller, interfacing directly with the input 

and output components. The Input Section 

comprises a suite of sensors, including pH, TDS, 

and turbidity sensors for quality assessment, 

alongside ultrasonic and flow sensors for 

distribution monitoring. These sensors feed analog 

and digital signals to the Arduino, which processes 

the data based on predefined logic. The Output 

Section includes an LCD for local data 

visualization and a relay-driven system to control 

the DC pump and solenoid valves. For remote 

connectivity, the Arduino communicates with a 

NodeMCU (ESP8266) module, which transmits 

the processed information to an IoT cloud platform 

via Wi-Fi. This modular design ensures that the 

system can simultaneously perform local 

automated tasks while allowing for global 

monitoring and remote manual overrides.  
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Figure 1 

7. Conclusion  

In conclusion, the Smart IoT-Based Municipal 

Water Distribution and Quality Monitoring System 

presents an effective and intelligent solution for 

modern municipal water management challenges. 

By integrating real-time water quality sensors, 

flow monitoring, automated control mechanisms, 

and IoT connectivity, the system ensures 

continuous surveillance of both water distribution 

and quality parameters. The use of Arduino Uno 

and NodeMCU enables reliable local and remote 

data processing, while cloud based monitoring 

allows authorities to take timely corrective actions. 

Automated control of pumps and solenoid valves 

based on threshold conditions minimizes water 

wastage and prevents the supply of contaminated 

water. Additionally, the ESP32 camera enhances 

system security by enabling visual monitoring and 

detection of unauthorized activities. Overall, the 

proposed system improves operational efficiency, 

enhances public safety, and supports sustainable 

water resource management. Its scalability and 

smart features make it highly suitable for smart 

city implementations and future municipal water 

infrastructure development.  
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