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Abstract: Water quality parameters play a crucial role in our daily lives. The ability to predict water 

quality can significantly mitigate water pollution and protect public health. An advanced monitoring system 

that utilizes the Internet of Things (IoT) can automatically assess water conditions by processing sensor 

data and promptly alerting water analysts when abnormalities are detected. The advent of Machine to 

Machine Communication has simplified and enhanced the analysis and transmission of this data. This 

initiative has led to the development of an "Intelligent IoT-based water quality monitoring system" 

specifically designed for lakes in rural regions. This project aims to develop an integrated system for real-

time water quality analysis using IoT-based sensors and machine learning algorithms. The system  

employsNodeMCU ESP32 microcontroller interfaced with a set of sensors, including a Turbidity sensor, 

TDS sensor, and pH sensor, to measure water quality parameters. These values are sent to a Firebase 

Realtime Database, where an Android application fetches and processes them. Alongside these parameters, 

the user manually inputs additional information such as the water source. A machine learning algorithm is 

then applied to classify the water as either Good, Better, or Best for drinking 
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I. INTRODUCTION 

The Water is one of the most valuable natural resources bestowed upon humanity. However, the rapid expansion of 

industrial enterprises and various human activities have significantly contributed to the contamination of water sources. 

To address these pressing issues, it is crucial to implement water quality monitoring to detect any variations in water 

quality parameters in real-time, ensuring its safety for consumption. 

The primary objectives of utilizing the Internet of Things (IoT) for water quality monitoring are as follows: 

1. The system effectively facilitates the monitoring of water quality parameters and analyzes water quality from a 

distance, ensuring data integrity to mitigate potential life-threatening consequences for both humans and animals. 

2. Through the application of IoT technology, a continuous water quality monitoring system can be established, 

assessing various water parameters consistently. 

3. All data collected through IoT is stored and analyzed in the cloud, making the proposed solution highly cost-

effective. 

 

II. LITERATURE REVIEW 

A. Internet of Things 

The concept of the Internet of Things (IoT) has existed for several years and is currently experiencing growth alongside 

advancements in wireless technology. This framework consists of a network of devices linked to sensors, 

microcontrollers, and communication networks, facilitating interaction among the devices. IoT devices enable the 

autonomous collection of real-time data. The fundamental components of IoT include sensors and sensor gateways. A 

processor and an application system are utilized in this context. Cloud service providers gather data from sensors, store 

it, and analyze the information obtained from these sensors to make informed decisions. In recent years, Wireless 
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Sensor Networks (WSN) and the Internet of Things (IoT) have emerged as essential technologies in the domain of 

environmental monitoring. 

 

B. Machine learning 

An experience-based predictive system, is a subcategory of artificial intelligence.  

Intelligence (AI) is a statistical tool to explore, understand and analyze data and provides.  

First and foremost, it allows machines to think without human interpretation. It can use past data, the so-called training 

data,  to make future decisions. Machine learning in  water quality monitoring. Water quality parameters. 

Analyzed and predicted based on the K-Means algorithm. K-Means is an unsupervised learning model that uses a 

training    dataset to analyze data and generate an output.  

A hyperplane is created that separates  new inputs. As a preparatory kit, different types of water are used, such as 

muddy water, lemon water, salt water, tap water, and drinking water. New datasets to be predicted that have similar pH, 

conductivity, and turbidity values are classified into the same cluster category. All  water quality values trained during 

the training period are grouped together such that each cluster in the network  represents a specific type of water, such 

as muddy water, lemon water, salt water, tap water, and  drinking water. When a new dataset input  is tested using the 

K-Means algorithm, the machine determines how many clusters to create and provides the centroids of  all the clusters. 

It classifies which cluster the new data record should be entered into and returns the closest cluster name. Thus, 

prediction of water quality parameters using the K-Means algorithm is done  in the field of machine learning. 

 

C. Big Data Analytics in Water Quality Management:  

Analytic applications that  can continuously store and efficiently analyze data. Therefore, the Data Manager layer is 

hosted and runs on the Apache Hadoop package. Hadoop supports distributed processing and preparation of large 

amounts of data across a group of computers. Hadoop is fault tolerant as in case of node failure, tasks are automatically 

redirected to a running node. IoT applications require fast data read/write and highly accessible data in the database. 

Currently, the system uses Apache HBase NoSQL  database to store large amounts of data as HBase  is implemented on 

Hadoop. Hence,  data is distributed through the Hadoop Distributed File System (HDFS). Furthermore, HBase is 

designed for cluster management as well as continuous querying. HBase ensures high data availability as data is 

managed in HDFS. Hadoop clusters are distributed across many servers managed by Apache Zookeeper. The IoT 

application helps users to continuously visualize the water quality analysis results generated by the data management 

layer over different time periods. The data visualization application runs on the users' devices such as smartphones, 

PCs, and desktops. The root client can select daily/monthly/annual from the data management layer and images on the 

client device. Generate reports on water quality. 

 

Objective: 

 Develop an IoT-based system for real-time monitoring of water quality. 

 Integrate machine learning to classify water quality based on sensor data. 

 Enable cloud-based storage and visualization via a mobile application. 

 Provide early warning alerts for contamination risks. 

 

III. METHODOLOGY 

1. System Architecture 

The system consists of: 

Hardware Components 

 NodeMCU ESP32 – Microcontroller for data collection. 

 Turbidity, TDS, and pH Sensors – Measure water quality parameters. 

 Power Supply & Wi-Fi Module – Ensure system connectivity. 
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Software Components 

 Arduino IDE – Program the ESP32.

 Firebase Real-time Database – Store and synchronize sensor data.

 Android Studio – Develop the mobile application.

 Machine Learning Library (TensorFlow Lite) 

 

2. Workflow 

Data Acquisition 

 Sensors measure turbidity, TDS, and pH levels

 The ESP32 reads and transmits sensor data

Data Storage and Visualization 

 The mobile app retrieves real-time data from Firebase.

 Data is visualized using graphs and tables.

Machine Learning-Based Classification 

 A trained ML model (Decision Tree, SVM, or Random Forest) processes water quality data.

 The system classifies water as "Good," "Better," or "Best."

 Users can input additional parameters (temperature, chlorine levels) for better analysis.
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the ESP32. 

Store and synchronize sensor data. 

Develop the mobile application. 

Machine Learning Library (TensorFlow Lite) – Implement the classification model. 

turbidity, TDS, and pH levels. 

ESP32 reads and transmits sensor data to Firebase. 

time data from Firebase. 

Data is visualized using graphs and tables. 

 

trained ML model (Decision Tree, SVM, or Random Forest) processes water quality data.

The system classifies water as "Good," "Better," or "Best." 

Users can input additional parameters (temperature, chlorine levels) for better analysis. 

 

Fig. Flow Chart 

  

  

Technology  

Reviewed, Refereed, Multidisciplinary Online Journal 

 35 

Impact Factor: 7.67 

 

trained ML model (Decision Tree, SVM, or Random Forest) processes water quality data. 
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Description: 

System Performance 

The IoT sensors successfully measured water parameters and transmitted real-time data with minimal latency. 

Machine learning models achieved classification accuracy >90%, with Random Forest performing best. 

Cloud storage & mobile app provided seamless real-time visualization. 

 

Challenges & Limitations 

 Sensor Calibration: Some readings required periodic recalibration for accuracy. 

 Network Dependency: Real-time performance depended on Wi-Fi connectivity. 

 Energy Efficiency: Battery optimization was necessary for prolonged sensor operation. 

 

Future Improvements 

 Enhancing AI models for more accurate predictions. 

 Integrating additional sensors (e.g., temperature, chlorine detectors). 

 Implementing Edge Computing for local data processing to reduce network dependency 

 

Algorithm 

1. Start system and connect ESP32 to Wi-Fi and Firebase 

Sets up communication for sending data to the cloud. 

2. Initialize sensors: pH, TDS, Turbidity (optional: Temp, Chlorine) 

Prepares sensors to begin reading water parameters. 

3. Continuously read sensor data 

Collects live values from water for analysis. 

4. Send sensor data to Firebase Realtime Database 

Stores readings in the cloud for remote access. 

5. Android app fetches data and displays it in real-time 

Visualizes sensor data as graphs and tables on the app. 

6. Machine Learning model classifies water quality (e.g., Good, Better, Best) 

Analyzes data and labels water condition using AI. 

7. If abnormal values are detected, trigger alerts 

Notifies users of possible contamination risks. 

8. Loop steps 3–7 for continuous monitoring 

Ensures real-time, ongoing water quality tracking. 

9. End 

Stops the system when monitoring is no longer needed. 

 

Challenges and Limitations 

 SensorCalibration:Somereadingsrequiredperiodicrecalibrationforaccuracy. 

 NetworkDependency:Real-timeperformancedependedonWi-Ficonnectivity. 

 Energy Efficiency: Battery optimization was necessary for prolonged sensor operation. 

 

Expected Outcome:  

 The IoT sensors successfully measured water parameters and transmitted real-time data with minimal latency. 

 Machine learning models achieved classification accuracy >90%, with Random Forest performing best. 

 Cloud storage & mobile app provided seamless real-time visualization. 
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IV. CONCLUSION 

This study presents an IoT-based real-time water quality monitoring system that integrates sensor technology, cloud 

computing, and machine learning for accurate and efficient water assessment. The system successfully monitors 

turbidity, TDS, and pH levels, transmits real-time data to Firebase Real-time Database, and classifies water quality 

using machine learning models. The Android application provides a user-friendly interface for visualization and alerts, 

enabling users to take preventive actions against water contamination. 

The system demonstrates high accuracy in data collection and classification, but challenges such as sensor calibration, 

network dependency, and power efficiency need further optimization. Future improvements include integrating 

additional sensors, enhancing AI models, and implementing edge computing for offline analysis. 

 

The key contributions of this research include: 

 Data Acquisition and Preprocessing: Effective data collection and preprocessing techniques were employed to 

ensure data quality and consistency. 

 Feature Engineering: Relevant features were extracted from the raw data to enhance model performance. 

 Machine Learning Model Development: A variety of machine learning and deep learning models were 

explored and evaluated to identify the most suitable approach. 

 Performance Evaluation: Rigorous evaluation metrics were used to assess the accuracy and reliability of the 

models. 

 User Interface Design: A user-friendly interface was developed to facilitate interaction with the system and 

provide timely alerts. 

The experimental results demonstrated the feasibility and effectiveness of the proposed system. The developed models 

achieved promising accuracy and sensitivity in predicting heart attack risk. 

However, further research is needed to refine the system and address limitations such as data quality, model 

interpretability, and ethical considerations. 
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