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ABSTRACT: Water leakage in pipeline networks contributes to significant water wastage, infrastructure deterioration,
and increased operational expenses. Traditional detection methods are often inefficient, involving manual inspections
and reactive maintenance. This paper presents an loT-based water leakage detection system integrated with Firebase
cloud services and machine learning algorithms to ensure real-time monitoring, proactive maintenance, and efficient
water management. Smart sensors, including pressure, flow, moisture, and ultrasonic sensors, collect pipeline data,
which is processed by microcontrollers (ESP32) and transmitted to Firebase cloud for secure storage and analysis.
Machine learning models predict leak occurrences based on anomaly detection in real-time data. Alerts via SMS, email,
and Google Assistant integration ensure prompt response to detected leaks. A user-friendly web dashboard enables
real-time visualization of pipeline conditions and data analytics. This system provides a scalable, proactive, and
automated water management solution, contributing to smart city infrastructure and sustainable water resource
utilization.

KEYWORDS: [oT-based Water Leakage Detection, Firebase Cloud Integration, Smart Sensors, Real-time Monitoring,
Machine Learning, Predictive Maintenance, Automated Alerts.

L. INTRODUCTION

Water distribution networks are critical infrastructures in urban and industrial environments, prone to losses due. The is
To pipeline leakages. Traditional leakage detection methods rely on manual inspection and pressure gauges, which
inefficient, non-scalable, and reactive in nature. Integrating Internet of Things (IoT) with cloud computing introduces a
proactive and automated monitoring framework, enabling real-time data acquisition, analysis, and predictive
maintenance. IoT technology leverages smart sensors and interconnected devices to transmit environmental data to
cloud platforms, enabling advanced analytics and remote management. This paper proposes a comprehensive IoT-based
smart water leakage detection system integrated with Firebase cloud services and machine learning algorithms for
efficient and scalable water management.

II. SYSTEM MODEL AND ASSUMPTIONS

The proposed system comprises pressure sensors, flow sensors, moisture sensors, and ultrasonic sensors strategically
deployed across pipeline networks. Data collected from these sensors is processed by an ESP32 microcontroller and
transmitted to the Firebase Realtime Database using secure Wi-Fi communication. Machine learning algorithms
analyze sensor data in real time to detect anomalies indicative of potential leaks. Assumptions include uninterrupted
internet connectivity, adequate sensor calibration, and regular system maintenance for optimal performance. The cloud-
based platform ensures secure data storage, synchronization, and access for authorized personnel via web dashboards
and mobile applications.

II1. EFFICIENT COMMUNICATION AND DATA MANAGEMENT
Smart sensors continuously monitor pressure, flow rate, tank levels, and external moisture. An ESP32 microcontroller
processes sensor data and uploads it to Firebase cloud for storage and further analysis. MQTT and HTTP protocols

facilitate real-time communication between sensors and cloud servers. The system implements machine learning
models using Python (TensorFlow/Scikit-learn) for anomaly detection. Proactive leak detection algorithms identify
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sudden pressure drops, irregular flow patterns, and moisture anomalies, triggering automated responses such as
solenoid valve shutdown, SMS/email alerts, and Google Assistant notifications. A React-based web dashboard offers
intuitive visualization of real-time data, system status, and historical trends, enabling efficient decision-making.

IV. SECURITY AND DATA PRIVACY

To ensure data integrity and system security, the proposed system employs data encryption techniques (TLS/SSL)
during data transmission. Firebase authentication mechanisms restrict unauthorized access. The system addresses
security challenges such as data privacy, sensor spoofing, and communication interception. By integrating secure APIs
and real-time cloud database monitoring, the system maintains confidentiality, availability, and reliability. Furthermore,
redundant GSM modules enable SMS alerts during internet outages, ensuring continuous monitoring.

V. RESULT AND DISCUSSION

¥ Smart Water Management System

Click t

Dashboard

Figure 1: Interface of web app

This image shows the main interface of the custom-built web application used for monitoring water pipeline systems.
The Ul is designed with a React-based frontend, offering users access to sensor data in real-time. Key elements include
navigation menus, live readings from pressure and moisture sensors, and system status indicators.
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Figure 2: Dashboard Overview
This figure presents the comprehensive dashboard view that integrates various data visualizations. It displays real-time

sensor readings (pressure, moisture, flow), leak alerts, and historical data trends using dynamic graphs. The dashboard
serves as the central point for system monitoring and decision-making.
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Figure 3: Prototype Image

Shown here is the physical prototype setup of the smart water leakage detection system. It includes connected water
pipelines, sensor modules, and the ESP32 microcontroller. This setup simulates real-world conditions for validating the
performance of leak detection algorithms.

Figure 4: Prototype Board Configuration

This image depicts the detailed board layout and wiring configuration of the prototype. It shows how the ESP32
microcontroller interfaces with pressure, ultrasonic, moisture, and flow sensors. Proper connections and labeling
illustrate the hardware integration required for real-time data acquisition.
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Figure 5: Alerts Through Mobile Phone
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This figure demonstrates how the system sends automated alerts to the user’s mobile device. Notifications are triggered
via Firebase Cloud Messaging (FCM), SMS, or email when a leak is detected. This ensures that maintenance teams are
promptly informed to take immediate action, minimizing water loss.

VI. FUTURE ENHANCEMENT

To enhance the system’s functionality and scalability, future developments include a mobile app for real-time
monitoring and remote control, including push notifications and solenoid valve management. Integration with
municipal water networks aims to enable city-wide leak detection and conservation. Compatibility with voice assistants
like Alexa and Google Assistant will provide hands-free control. Additionally, incorporating optimized battery and
solar power solutions will ensure energy efficiency in remote areas. Finally, deploying edge computing will enable
faster local data processing and improve response time in critical scenarios.

VII. CONCLUSION

This paper presented an IoT-based smart water leakage detection system integrated with Firebase cloud services,
offering a proactive, scalable, and automated water management solution. By leveraging real-time monitoring, machine
learning analytics, and cloud integration, the system minimizes water wastage, reduces operational costs, and supports
smart city development. Future enhancements include expanding sensor types, implementing federated learning for
decentralized model training, and integrating Al-driven predictive maintenance strategies.

REFERENCES

[1] Dhanush H K and Dr. Annu Sharma, “loT-Based Underground Pipe Damage and Leakage Detection,”
International Journal of Advanced Research in Science, Communication and Technology (IJARSCT), ISSN: 2581 -
9429, Volume 4, Issue 4, June 2024.

[2] Yang Liu, Ze Chen, Zhongyan Liu, Xin Liu, Guochen Yu, Shun Na, “Leakage Detection and Localization of
Water Pipeline Using Multi-features and Adaptive Time Delay Estimation,” International Journal of Circuits,
Systems and Signal Processing, ISSN: 19984464, Volume 16, 2022.

[3] M.N.H Chikuruwo, S. John, M. Mutingi, M. Chirasha, A. Ditima, "Advancement in Underground Drinking Water
Pipe Leak Detection: A Comprehensive Review and Recommendations,” International Journal of Research
Publication and Reviews, ISSN: 25827421, Vol 4, Issue 7, July 2023.

[4] Siva Sathyanarayana Movva, "Water Leakage Detection Using Machine Learning & Wireless Sensors Network
(IoT)," European Journal of Advances in Engineering and Technology, ISSN: 2394-658X, Volume 7, Issue 9,
2020.

[5] Abdallah Moubayed et al., "Water Leak Detection Survey: Challenges & Research Opportunities Using Data
Fusion & Federated Learning", IEEE Access, DOI:10.1109/ACCESS.2021.3064445, Volume 9, March 2021.

[6] Sayeesh et al., "A Review on Water Leakage Detection in Pipes using Sensors", International Journal of Research
in Engineering, Science and Management, Volume 2, Issue 5, May 2019.

[7] Adegboye M. A., Fung W. K., Karnik A., “Recent Advances in Pipeline Monitoring and Oil Leakage Detection
Technologies: Principles and Approaches,” Sensors, ISSN: 1424-8220, Volume 19, Issue 11, 2019.

[8] Al-Battbootti M. J. H., Goga N., Marin 1., “Deep Learning Approach for Oil Pipeline Leakage Detection Using
Image-Based Edge Detection Techniques,” Journal of Energy Systems and Applications, ISSN: 2116-8299,
Volume 56, Issue 4, 2022.

IJIRCCE©2025 | AnISO 9001:2008 Certified Journal | 10789




INTERNATIONAL

STANDARD INNO @ SPACE

SERIAL e

o Wit CrOSS Sf

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN COMPUTER & COMMUNICATION ENGINEERING

(8) 9940 572 462 (2) 6381 907 438 £ ijircce@gmail.com

r :.-'.4.' £ H
WWW. “lrcce.cnm Scan to save the contact details



