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Abstract:  Access to safe and clean drinking water is a critical global concern affecting public health, 

agriculture, and environmental sustainability. Traditional water quality testing methods are time-consuming, 

laboratory-dependent, and unsuitable for continuous monitoring. To address these limitations, this paper 

presents a low-cost, IoT-enabled real-time water quality monitoring system integrated with machine learning 

techniques. The proposed system employs multiple sensors to measure key water quality parameters such as 

pH, turbidity, temperature, Total Dissolved Solids (TDS), sweetness level, and mineral content. An ESP32 

microcontroller collects sensor data and transmits it to a cloud platform for real-time visualization and 

analysis. Machine learning algorithms, including Support Vector Machine (SVM) and K-Nearest Neighbors 

(KNN), are used to classify water quality as safe or unsafe based on predefined thresholds. The system also 

generates instant alerts through cloud dashboards and mobile interfaces when abnormal conditions are 

detected. Experimental results demonstrate high accuracy, real-time responsiveness, and reliable sensor 

performance, making the system suitable for deployment in rural, urban, and industrial environments. The 

proposed solution offers a scalable, cost-effective, and efficient approach to continuous water quality 

monitoring and resource management. 

 

Index Terms - IoT, Water Quality Monitoring, ESP32, Real-Time Monitoring, Machine Learning, TDS, 

Turbidity, pH  

 

I. INTRODUCTION 

 

Water is one of the most essential natural resources for all living organisms, and its quality has a direct impact 

on public health, agriculture, and industrial activities. With rapid urbanization, industrial discharge, 

population growth, and climate change, water sources are increasingly exposed to contamination. Ensuring 

the availability of safe and clean drinking water has therefore become a major global challenge, particularly 

in developing and rural regions. 

 

Conventional water quality assessment methods mainly rely on manual sample collection followed by 

laboratory testing. Although these methods provide accurate results, they are time-consuming, costly, and 

unsuitable for continuous monitoring. Delays in detection can lead to serious health risks, as contaminated 

water may be consumed before corrective action is taken. Moreover, laboratory-based testing requires skilled 

personnel and infrastructure, making it impractical for remote or resource-constrained areas. 
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Recent advancements in the Internet of Things (IoT) have enabled the development of smart monitoring 

systems capable of real-time data acquisition and remote access. IoT-based solutions integrate low-cost 

sensors, microcontrollers, and wireless communication technologies to continuously monitor environmental 

parameters. In the context of water quality monitoring, IoT systems can provide instant insights into critical 

parameters such as pH, turbidity, temperature, and Total Dissolved Solids (TDS), allowing early detection of 

contamination and timely intervention. 

In addition to IoT, machine learning techniques have shown significant potential in enhancing decision-

making processes by analyzing sensor data patterns and classifying water quality conditions. By applying 

supervised learning algorithms, such as Support Vector Machine (SVM) and K-Nearest Neighbors (KNN), 

water samples can be accurately categorized as safe or unsafe based on predefined standards. This automated 

classification reduces human intervention and improves response time. 

 

This paper proposes a smart IoT-enabled real-time water quality monitoring system that combines sensor 

networks, cloud computing, and machine learning algorithms. The system uses an ESP32 microcontroller to 

collect data from multiple sensors and transmit it to a cloud platform for visualization and analysis. The 

integrated machine learning models enable intelligent classification of water quality and generate instant alerts 

when abnormal conditions are detected. The proposed system aims to provide a cost-effective, scalable, and 

reliable solution for continuous water quality monitoring, especially in rural, urban, and industrial 

environments. 

 

II. RELATED WORK  

 

The application of Internet of Things (IoT) technology in water quality monitoring has gained significant 

attention in recent years due to its ability to provide real-time data and remote accessibility. Several studies 

have explored the integration of sensors, microcontrollers, and communication technologies to monitor 

essential water quality parameters. These systems aim to overcome the limitations of traditional laboratory-

based testing methods by enabling continuous and automated monitoring. 

The World Health Organization (WHO) has established guidelines for drinking water quality, defining 

acceptable limits for parameters such as pH, turbidity, and dissolved solids. These guidelines serve as a 

benchmark for designing water quality monitoring systems to ensure public safety. Many researchers have 

utilized these standards as reference values while developing IoT-based monitoring solutions. 

Various IoT-based water monitoring systems have been proposed using low-cost sensors to measure 

parameters such as pH, Total Dissolved Solids (TDS), and turbidity. These systems typically transmit data to 

cloud platforms for visualization and analysis, enabling users to monitor water quality remotely. Some studies 

have also implemented wireless technologies such as GSM, Wi-Fi, and LoRa to improve communication 

range and system scalability, especially in rural and remote areas. 

Recent research has focused on enhancing water quality monitoring by incorporating machine learning 

techniques. Machine learning algorithms such as Support Vector Machines, K-Nearest Neighbors, and 

decision tree models have been used to classify water quality conditions based on sensor data. These 

approaches improve accuracy and enable automated decision-making by identifying abnormal patterns and 

potential contamination in real time. 

Despite the progress made, existing systems often face challenges related to sensor accuracy, energy 

efficiency, and system scalability. Some solutions rely on complex hardware or high-cost components, 

limiting their practical deployment in resource-constrained environments. The proposed system aims to 

address these limitations by offering a cost-effective, scalable, and intelligent IoT-based water quality 

monitoring solution with real-time analysis and alert mechanisms. 
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III. SYSTEM ARCHITECTURE 

 

The architecture of the proposed IoT-enabled real-time water quality monitoring system is designed to ensure 

continuous data acquisition, reliable transmission, and intelligent analysis. The system integrates sensing 

units, a processing and communication module, a cloud platform, and a user interface to provide real -time 

monitoring and alert generation. The overall architecture focuses on simplicity, scalability, and cost -

effectiveness, making it suitable for deployment in both urban and rural environments. 

The sensing layer consists of multiple sensors used to measure essential water quality parameters such as pH, 

turbidity, temperature, Total Dissolved Solids (TDS), sweetness level, and mineral content. These sensors 

continuously monitor the water source and generate analog or digital signals corresponding to the measured 

parameters. Accurate sensor calibration ensures reliable data collection and minimizes measurement errors.  

An ESP32 microcontroller acts as the central processing unit of the system. It receives data from all connected 

sensors, performs initial data processing, and prepares the data for transmission. The ESP32 is selected due 

to its low power consumption, built-in Wi-Fi capability, and efficient handling of multiple sensor inputs. The 

microcontroller also controls local alert components such as LEDs and buzzers, which are activated when 

water quality exceeds predefined safety thresholds. 

The communication layer enables wireless data transmission from the microcontroller to a cloud platform 

using Wi-Fi connectivity. The processed sensor data is periodically uploaded to the cloud, where it is stored 

and visualized in real time. Cloud-based dashboards allow users to view current water quality conditions as 

well as historical trends, facilitating better analysis and decision-making. 

The data analysis layer incorporates machine learning models to classify water quality conditions based on 

sensor readings. Algorithms such as Support Vector Machine and K-Nearest Neighbors are used to analyze 

incoming data and determine whether the water is safe or unsafe. When abnormal conditions are detected, the 

system automatically generates alerts and notifies users through the cloud interface or mobile application. 

This integrated architecture ensures timely detection of contamination and supports proactive water quality 

management. 

 

3.1 HARDWARE COMPONENTS 

The hardware components of the proposed IoT-based water quality monitoring system are selected to ensure 

reliable sensing, efficient data processing, and seamless communication. The system is built using low-cost 

and easily available components, making it suitable for large-scale deployment. Each hardware element plays 

a specific role in monitoring, processing, and alerting based on water quality conditions. 

 

The ESP32 microcontroller serves as the core hardware unit of the system. It is responsible for collecting data 

from all connected sensors, processing the acquired signals, and transmitting the data to the cloud platform. 

The ESP32 is chosen due to its integrated Wi-Fi module, low power consumption, high processing capability, 

and compatibility with multiple sensor interfaces. Its ability to support real-time communication makes it 

ideal for continuous monitoring applications. 

 

 
Fig. 3. Operational Flow of Water Quality Decision System 

 

A pH sensor is used to measure the acidity or alkalinity of water, which is a critical indicator of water safety. 

The sensor provides analog output corresponding to the pH value, allowing the system to detect deviations 
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from acceptable limits. A Total Dissolved Solids (TDS) sensor is employed to measure the concentration of 

dissolved substances present in water. High TDS levels indicate possible contamination and reduced water 

quality. 

 

The turbidity sensor is utilized to assess the clarity of water by measuring the amount of suspended particles. 

Increased turbidity often signifies the presence of impurities or pollutants. A temperature sensor is also 

integrated into the system to monitor water temperature, as temperature variations can influence chemical 

reactions and affect overall water quality. 

 

In addition to these primary sensors, a sweetness detection module and mineral detection sensors are included 

to provide extended water quality assessment. Local alert components such as a buzzer and LED indicators 

are connected to the microcontroller to provide immediate visual and audio warnings when unsafe water 

conditions are detected. Together, these hardware components form a robust sensing and alerting framework 

for real-time water quality monitoring. 

 

3.2 SOFTWARE STACK 

The software stack of the proposed water quality monitoring system is designed to support efficient data 

acquisition, processing, transmission, and visualization. It integrates embedded programming, cloud services, 

and machine learning tools to enable real-time monitoring and intelligent decision-making. The software 

components work together to ensure reliable system operation and user-friendly access to water quality 

information. 

 

The ESP32 microcontroller is programmed using the Arduino Integrated Development Environment (IDE), 

which provides a flexible and widely supported platform for embedded system development. Embedded 

C/C++ is used to write the firmware responsible for sensor interfacing, data acquisition, threshold comparison, 

and wireless communication. The firmware ensures periodic sampling of sensor data and stable system 

performance during continuous operation. 

 

For data storage and visualization, a cloud-based IoT platform is used. The ESP32 transmits processed sensor 

data to the cloud through Wi-Fi connectivity at regular intervals. The cloud platform stores the data and 

presents it through interactive dashboards that display real-time readings and historical trends. This enables 

users to remotely monitor water quality conditions and analyze changes over time.  

 

Machine learning algorithms are implemented on the cloud or server side to analyze the incoming sensor data. 

Supervised learning techniques such as Support Vector Machine and K-Nearest Neighbors are used to classify 

water quality as safe or unsafe based on predefined standards. These models are trained using historical 

datasets and continuously improve as new data becomes available. 

 

A user interface in the form of a web or mobile application is integrated with the cloud platform to provide 

easy access to system information. The interface allows users to view real-time data, receive alerts, and 

monitor water quality status from remote locations. The combination of embedded software, cloud computing, 

and machine learning forms a robust and scalable software stack for real-time water quality monitoring. 

 

3.3. SYSTEM FLOW 

 

The system flow of the proposed IoT-enabled water quality monitoring system describes the sequence of 

operations involved in sensing, processing, transmission, analysis, and alert generation. The flow is designed 

to ensure continuous monitoring and timely response to changes in water quality conditions. Each stage 

operates in coordination to provide reliable and real-time information to the user.  

 

  The process begins with the initialization of the system, where the ESP32 microcontroller and all 

connected sensors are powered on and calibrated. Once initialized, the sensors continuously monitor various 

water quality parameters such as pH, turbidity, temperature, Total Dissolved Solids, sweetness level, and 

mineral content. The sensors generate signals corresponding to the measured values, which are collected by 

the microcontroller at predefined time intervals.   
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  The ESP32 processes the raw sensor data by filtering noise and converting the signals into meaningful 

digital values. These processed values are then compared against predefined threshold limits to identify any 

abnormal conditions. If the sensor readings fall within safe ranges, the system continues monitoring without 

interruption.     

 

 

 

 
Fig. 1. System Architecture Flow 

 

The processed data is transmitted wirelessly to a cloud platform using the built-in Wi-Fi module of the ESP32. 

The cloud platform stores the received data and updates the real-time dashboard, allowing users to monitor 

current conditions and analyze historical trends. At the same time, the data is forwarded to the machine 

learning module for intelligent analysis. 

    

The machine learning models analyze the sensor data and classify the water quality as safe or unsafe. When 

unsafe conditions are detected, the system triggers alerts through local indicators such as buzzers and LEDs 

and also sends notifications to users via the cloud or mobile application. This continuous loop of data 

acquisition, analysis, and alerting ensures effective and proactive water quality monitoring. 

 

 

IV. RESEARCH METHODOLOGY 
 

The research methodology describes the systematic procedure adopted for designing and implementing the 

proposed IoT-enabled real-time water quality monitoring system. This section outlines the system 

architecture, data acquisition process, hardware and software components used, and the analytical approach 

employed to evaluate water quality. The methodology ensures reliable data collection, real-time monitoring, 

and accurate classification of water quality conditions. 

 

4.1 System Design and Architecture 

 The proposed system is designed using an Internet of Things (IoT) framework that integrates multiple 

sensors, a microcontroller, wireless communication, cloud computing, and machine learning algorithms. The 

system continuously monitors key water quality parameters and transmits the collected data to a cloud 

platform for real-time analysis and visualization. The architecture is designed to be modular, scalable, and 

cost-effective, enabling deployment in domestic, agricultural, and industrial environments. 

 

4.2 Hardware Components 

 The hardware setup consists of an ESP32 microcontroller, which acts as the central processing unit of 

the system. Multiple sensors are interfaced with the microcontroller to measure water quality parameters such 

as pH, turbidity, temperature, and Total Dissolved Solids (TDS). The ESP32 is selected due to its low power 

consumption, built-in Wi-Fi capability, and ease of integration with sensors. Additional components such as 

LEDs and buzzers are used to provide instant local alerts when abnormal water quality conditions are detected.  
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4.3 Data Acquisition and Transmission 

 The sensors continuously collect real-time water quality data at predefined intervals. The ESP32 

microcontroller reads the sensor values, performs basic preprocessing, and transmits the data wirelessly to a 

cloud platform using Wi-Fi communication. The cloud platform acts as a centralized storage and visualization 

unit, allowing users to monitor real-time and historical data through web or mobile interfaces. This continuous 

data acquisition ensures timely detection of contamination. 

 

4.4 Analytical Framework  

The analytical framework of the system involves processing the collected sensor data and classifying water 

quality conditions using machine learning algorithms. Supervised learning techniques such as Support Vector 

Machine (SVM) and K-Nearest Neighbors (KNN) are employed to analyze the data and categorize water as 

safe or unsafe. The models are trained using labeled datasets based on standard water quality thresholds. This 

automated classification enhances accuracy and reduces human intervention. 

 

4.5 Alert Generation and System Evaluation 

 When any monitored parameter exceeds the permissible limit, the system immediately triggers alerts 

through visual and audio indicators, as well as cloud-based notifications. The performance of the system is 

evaluated based on real-time responsiveness, accuracy of classification, sensor stability, and reliability of data 

transmission. Experimental testing confirms that the system operates efficiently under both normal and 

abnormal water quality conditions. 

 

 

V. CIRCUIT IMPLEMENTATION 

 

The circuit implementation of the proposed IoT-enabled water quality monitoring system focuses on the 

effective integration of sensors, the microcontroller, and alert components. All hardware elements are 

interconnected to ensure accurate data acquisition, stable operation, and reliable communication. The circuit 

is designed to be simple, compact, and suitable for real-time monitoring applications. 

 

The ESP32 microcontroller acts as the central unit of the circuit and is connected to various water quality 

sensors through appropriate input pins. Analog sensors such as pH, turbidity, and Total Dissolved Solids 

sensors are connected to the analog-to-digital converter pins of the ESP32. Digital sensors, including the 

temperature sensor, communicate through dedicated digital pins using standard communication protocols. 

Proper grounding and voltage regulation are maintained to avoid signal interference and ensure accurate 

sensor readings. 

 

 
Fig. 2. Circuit Diagram with NodeMCU 

 

Alert components such as LEDs and a buzzer are connected to the general-purpose input/output pins of the 

microcontroller. These components provide immediate visual and audio feedback when water quality 

parameters exceed predefined safe limits. Pull-up resistors and protection components are used where required 

to maintain signal stability and prevent damage to the microcontroller. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882 

IJCRT2512714 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g372 
 

The entire circuit is powered using a regulated power supply to provide consistent voltage to the ESP32 and 

all sensors. During testing and development, the circuit is implemented on a breadboard, allowing flexibility 

for modifications and troubleshooting. For real-world deployment, the circuit can be transferred to a printed 

circuit board and enclosed in a protective casing to ensure durability and safety when placed near water 

sources. This circuit implementation enables efficient real-time monitoring and reliable system performance. 

 

VI. RESULTS AND DISCUSSION 

 

The proposed IoT-enabled real-time water quality monitoring system was tested under both controlled and 

practical conditions to evaluate its performance, accuracy, and reliability. The system successfully monitored 

key water quality parameters and transmitted data to the cloud platform without interruption. The results 

demonstrate the effectiveness of the system in providing continuous and real-time water quality assessment. 

 

During experimentation, the sensors consistently recorded values for pH, turbidity, temperature, Total 

Dissolved Solids, sweetness level, and mineral content. The sensor readings were updated at regular intervals 

and displayed on the cloud dashboard in real time. The system showed stable performance with minimal data 

loss, indicating reliable wireless communication between the ESP32 microcontroller and the cloud platform. 

 

Sl. No. Parameter Name Unit Acceptable Range 

1 Temperature °C 20 – 30 

2 pH pH 6.5 – 8.5 

3 Total Dissolved Solids (TDS) ppm < 200 

4 Turbidity NTU 0 – 5 

5 Sweetness Level – Normal 

6 Mineral Content mg/L As per standards 

 

The machine learning models applied to the sensor data effectively classified water quality conditions as safe 

or unsafe. The classification results matched expected outcomes based on predefined threshold values, 

demonstrating high accuracy in detecting abnormal conditions. When any parameter exceeded the permissible 

range, the system promptly triggered alerts through buzzer and LED indicators and sent notifications to the 

user interface. 

 

The response time of the system was observed to be rapid, with alerts generated almost immediately after 

detecting unsafe conditions. Additionally, the cloud platform stored historical data, enabling trend analysis 

and comparison over time. Overall, the experimental results confirm that the proposed system is efficient, 

responsive, and suitable for real-time water quality monitoring in domestic, agricultural, and industrial 

environments. 

 

VII. CONCLUSION 

 

This paper presented a smart IoT-enabled real-time water quality monitoring system designed to ensure 

continuous assessment of water safety. The proposed system successfully integrates multiple sensors, an 

ESP32 microcontroller, cloud computing, and machine learning techniques to monitor key water quality 

parameters such as pH, turbidity, temperature, Total Dissolved Solids, sweetness level, and mineral content. 

The system provides real-time data visualization and immediate alerts, enabling timely detection of water 

contamination. 

 

The experimental results demonstrate that the system operates reliably with accurate sensor readings and 

efficient data transmission. The incorporation of machine learning algorithms enhances decision-making by 

automatically classifying water quality as safe or unsafe. The use of low-cost hardware components and 

wireless communication makes the system economically viable and suitable for deployment in rural, urban, 

and industrial environments. 
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Overall, the proposed solution offers a scalable, cost-effective, and intelligent approach to water quality 

monitoring. It reduces reliance on traditional laboratory testing methods and supports proactive water resource 

management, thereby contributing to improved public health and environmental sustainability. 

 

VIII. FUTURE SCOPE 

 

The proposed IoT-enabled water quality monitoring system can be further enhanced in several ways to 

improve its functionality, scalability, and sustainability. Future developments may focus on integrating 

additional sensors to detect heavy metals such as lead, arsenic, and mercury, which are critical indicators of 

water contamination. This would allow the system to provide a more comprehensive assessment of water 

quality. 

 

Energy efficiency can be improved by incorporating renewable power sources such as solar panels, making 

the system suitable for long-term deployment in remote and off-grid areas. The hardware design can also be 

miniaturized to improve portability and ease of installation near different water sources. Additionally, low-

power communication technologies can be explored to further reduce energy consumption. 

 

The machine learning component can be enhanced by adopting advanced algorithms such as deep learning 

models to improve prediction accuracy and anomaly detection. The system may also be expanded with 

features such as GPS-based location tracking, data analytics dashboards, and integration with government or 

municipal water management systems. These improvements would strengthen the system’s role in smart water 

resource management and large-scale environmental monitoring. 
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