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Abstract—Water quality monitoring is essential for ensuring public health and environmental safety. Traditional 

methods are time-consuming and do not support real-time analysis. This paper presents the design of a hybrid embedded 

system for real-time water quality monitoring and smart water purification using IoT connectivity. The system integrates 

multiple sensors to measure key parameters such as pH, turbidity, temperature, and dissolved oxygen. 

An embedded microcontroller processes the sensor data and evaluates water quality conditions. When unsafe conditions 

are detected, the system automatically activates a purification unit. The data is transmitted to a cloud platform for real-

time monitoring and analysis. Users can access the information through web or mobile applications. The proposed system 

is cost-effective, scalable, and efficient for pollution detection and water resource management.  
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I. Introduction 

Water pollution has become a major global concern affecting human health and the environment. Traditional water quality 

monitoring techniques involve manual sampling and laboratory analysis, which are time-consuming and inefficient. 

With the advancement of the Internet of Things (IoT), real-time monitoring systems have gained importance. Embedded 

systems combined with IoT enable continuous monitoring and remote access to data. 

This project proposes a hybrid embedded system that integrates sensor technology, microcontroller processing, IoT 

connectivity, and automatic water purification to provide a complete solution for water quality monitoring. 

II. Literature Review 

Recent advancements in Internet of Things (IoT) have significantly improved the efficiency of water quality monitoring 

systems by enabling real-time data acquisition and remote access. 

In [1], Mukta et al. proposed an IoT-based water quality monitoring system using Arduino for measuring parameters such 

as pH, temperature, and turbidity. Although the system demonstrated reliable sensing capabilities, it lacked cloud-based 

analytics and real-time alert mechanisms, limiting its practical deployment. 

Sugiharto et al. [2] developed a cloud-integrated IoT system that achieved high accuracy (~98%) in monitoring water 

parameters. However, the system faced challenges in scalability when deployed over large geographical areas. 
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A comprehensive review by Spoorthi et al. [3] analyzed various smart water monitoring systems utilizing multiple 

sensors. The study highlighted that most existing systems do not support real-time alert generation or automated response 

mechanisms. 

In [4], Kumar and Singh introduced a hybrid approach combining IoT with machine learning techniques to enhance 

prediction accuracy (~95%). Despite improved performance, the system complexity and computational requirements 

were significantly increased. 

Furthermore, Hasib et al. [5] proposed the HydroSense system incorporating dual microcontrollers and cloud integration, 

achieving very high accuracy. However, the increased hardware complexity resulted in higher system cost. 

From the above studies, it is evident that existing systems lack an optimal balance between cost, real-time monitoring, 

automation, and scalability. These limitations motivate the development of a hybrid embedded system that integrates 

sensing, IoT connectivity, and automated purification. 

III. Existing Methods 

Conventional water quality monitoring methods primarily rely on manual sampling and laboratory-based analysis. These 

approaches are time-consuming, labor-intensive, and unsuitable for continuous monitoring applications. 

With the emergence of Embedded Systems and IoT technologies, several automated monitoring systems have been 

developed. However, most existing systems focus only on data acquisition and visualization without incorporating 

intelligent decision-making or control mechanisms. 

Many IoT-based systems utilize sensors to measure parameters such as pH, turbidity, and temperature, and transmit the 

collected data to cloud platforms. While these systems enable remote monitoring, they often lack real-time response 

capabilities and fail to take corrective actions when water quality deviates from safe limits. 

Additionally, some advanced systems incorporate machine learning techniques to improve prediction accuracy. Although 

these methods enhance performance, they increase system complexity and are not suitable for low-cost deployments. 

Another major limitation is the absence of integrated purification mechanisms in most existing solutions. As a result, 

these systems can only monitor water quality but cannot ensure safety through corrective measures. 

Therefore, there is a need for a cost-effective and efficient system that not only monitors water quality in real time but 

also performs automatic purification based on sensor data. 

IV. Proposed System Architecture 

The proposed system is a hybrid embedded architecture designed to perform real-time water quality monitoring and smart 

purification using IoT connectivity. It integrates sensing, processing, communication, and control modules to ensure 

efficient and continuous monitoring of water parameters. The overall system architecture is divided into several functional 

units as described below. 

 

A. Sensor Unit 

The sensor unit is responsible for collecting real-time water quality parameters such as pH, turbidity, temperature, and 

dissolved oxygen. These sensors convert physical and chemical properties of water into electrical signals. The use of 
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multi-parameter sensing improves the accuracy and reliability of water quality assessment compared to single-parameter 

systems . 

B. Signal Conditioning and Data Acquisition 

The raw signals obtained from the sensors are often weak and noisy. Therefore, signal conditioning circuits are used to 

amplify and filter the signals before processing. The conditioned analog signals are then converted into digital form using 

an Analog-to-Digital Converter (ADC) embedded in the microcontroller. This ensures accurate and stable data acquisition 

for further processing . 

C. Microcontroller Processing Unit 

The core of the system is the microcontroller (such as ESP32 or Arduino), which processes the sensor data. It compares 

the measured values with predefined threshold limits to evaluate water quality. The decision-making capability of the 

microcontroller enables real-time identification of unsafe water conditions. This embedded processing approach reduces 

latency and improves system responsiveness  

D. IoT Communication Module 

The IoT module enables wireless communication between the system and the cloud platform. Technologies such as Wi-

Fi are used to transmit sensor data to cloud servers for storage and analysis. This allows remote monitoring and 

accessibility through web or mobile applications. IoT integration enhances scalability and real-time data availability . 

 

E. Cloud and User Interface 

The cloud platform (such as ThingSpeak or Blynk) stores and visualizes the collected data in graphical form. Users can 

monitor water quality parameters remotely through dashboards and receive alerts when abnormal conditions are detected. 

This improves user interaction and decision-making efficiency . 

F. Decision and Control Unit 

The system includes a decision-making mechanism that evaluates whether the water quality is safe or unsafe. If any 

parameter exceeds the permissible limits, the system triggers an alert and activates the control unit. This automated 

decision-making enhances system reliability and reduces manual intervention . 

G. Smart Water Purification Unit 

The purification unit is activated automatically when unsafe water conditions are detected. It consists of a multi-stage 

filtration system including sediment filter, activated carbon filter, and UV/UF purification. This ensures removal of 

physical, chemical, and biological contaminants. The integration of monitoring and purification in a single system makes 

it more efficient than conventional methods . 
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H. Overall System Workflow 

The complete workflow of the system begins with sensing water parameters, followed by data processing in the 

microcontroller. The processed data is transmitted to the cloud via IoT, where it is visualized for users. If the water quality 

is found to be unsafe, the system automatically activates the purification unit. This closed-loop system ensures continuous 

monitoring and real-time corrective action, making it suitable for smart water management applications . 

IV. Results and Discussion 

The proposed hybrid embedded system for real-time water quality monitoring and smart purification was successfully 

designed and implemented. The system was tested using multiple water samples under different conditions to evaluate 

its performance. 

The sensors used in the system, including pH, turbidity, temperature, and dissolved oxygen, were able to accurately 

measure water quality parameters. The collected data was processed by the ESP32 microcontroller and transmitted to the 

cloud platform using IoT connectivity. Real-time monitoring was achieved through a web/mobile interface, where users 

could visualize the data in graphical form. 

The system demonstrated a fast response time in detecting unsafe water conditions. When the measured parameters 

exceeded the predefined threshold values, the system automatically activated the water purification unit through a relay 

mechanism. This ensured immediate corrective action without human intervention. 

V. Conclusion 

This paper presented the design and implementation of a hybrid embedded system for real-time water quality monitoring 

and smart water purification using IoT technology. The system integrates multiple sensors, a microcontroller, cloud 

connectivity, and an automated purification mechanism. 

The proposed system successfully monitors key water quality parameters and provides real-time data access to users. The 

automatic activation of the purification unit enhances the safety and usability of the system. Additionally, the system is 

cost-effective, scalable, and suitable for both domestic and industrial applications. 

Future enhancements may include the integration of machine learning techniques for predictive analysis and the addition 

of more advanced sensors to improve system performance. 

The cloud platform provided continuous data logging and visualization, enabling users to track water quality trends over 

time. Compared to traditional methods, the proposed system significantly reduces manual effort and provides real-time 

decision-making capability. 

Furthermore, the integration of monitoring and purification in a single system improves efficiency and reliability. The 

experimental results indicate that the system achieves high accuracy and can be effectively used for smart water 

management applications. 

IV. References 

1. M. Mukta et al., “IoT based smart water quality monitoring system,” IC4ME2, 2019. 

https://scholar.google.com/scholar?q=IoT+based+smart+water+quality+monitoring+system+Mukta 

2. W. H. Sugiharto et al., “Real-time water quality monitoring using IoT,” IIETA, 2023. 

 https://scholar.google.com/scholar?q=Real-time+water+quality+monitoring+Sugiharto 

3. S. L. E. Spoorthi et al., “Review on smart water monitoring systems,” IJSR, 2022. 

https://scholar.google.com/scholar?q=review+smart+water+monitoring+Spoorthi 

4. A. Kumar and P. Singh, “Water quality analysis using IoT and ML,” Env. Informatics, 2024. 

https://scholar.google.com/scholar?q=Water+quality+IoT+machine+learning+Kumar 

5. A. Hasib et al., “HydroSense: IoT-based water monitoring system,” IEEE Conf., 2026. 

https://scholar.google.com/scholar?q=HydroSense+IoT+water+monitoring 

6. R. Kumar et al., “Smart water monitoring using IoT,” IEEE Conf., 2018. 



Design of a Hybrid Embedded System for Real-Time Water Quality Monitoring and Smart Water Purification with IoT 

Connectivity 

59 

https://scholar.google.com/scholar?q=smart+water+monitoring+IoT+2018 

7. S. Geetha and S. Gouthami, “Internet of Things enabled real-time water monitoring,” IEEE Access, 2017. 

https://scholar.google.com/scholar?q=IoT+real+time+water+monitoring+Geetha 

8. N. Vijayakumar and R. Ramya, “Water quality monitoring using sensors,” IEEE Conf., 2015. 

https://scholar.google.com/scholar?q=water+quality+monitoring+sensors+2015 

9. J. S. Lee et al., “Smart water system using wireless sensor networks,” IEEE, 2016. 

https://scholar.google.com/scholar?q=smart+water+WSN+Lee 

10.P. Rajalakshmi and S. Mahalakshmi, “IoT based water quality monitoring,” IEEE Conf., 2016. 

https://scholar.google.com/scholar?q=IoT+water+quality+Rajalakshmi 

11.M. K. Sharma et al., “Water monitoring system using IoT,” IEEE Conf., 2019. 

https://scholar.google.com/scholar?q=water+monitoring+IoT+Sharma 

A. Paul et al., “Cloud-based IoT water quality monitoring,” IEEE, 2018. 

https://scholar.google.com/scholar?q=cloud+IoT+water+monitoring 

13. D. Zhang et al., “Smart water quality detection system,” IEEE Sensors, 2017. 

https://scholar.google.com/scholar?q=smart+water+quality+detection+Zhang 

14. K. R. Nataraj et al., “IoT based water pollution monitoring,” IEEE Conf., 2020. 

https://scholar.google.com/scholar?q=IoT+water+pollution+monitoring 

15. S. R. Prasad et al., “Embedded system for water quality monitoring,” IEEE Conf., 2018. 

https://scholar.google.com/scholar?q=embedded+water+quality+monitoring 

***** 


