Project Title: AI Smart Water Loss Detection
Introduction
Water is very important, but a lot is lost every year because of leaks, pipe bursts, and problems in water pipes. These losses are called Non-Revenue Water (NRW). They cause big problems for water companies around the world   wasted water, higher costs, harm to the environment, and less water for people. Old ways to find leaks (like manual checks, sound listening, or simple pressure tests) take too much time, need many workers, and miss small or hidden leaks in big networks.
Using Artificial Intelligence (AI) with smart sensors and data tools gives a new way to find water losses quickly and in real time. This project will build an AI smart system. It will look at sensor data (flow, pressure, sound, etc.) to find unusual signs of leaks, guess future problems, and help fix them fast. The system uses machine learning to cut NRW, save water, and support better water use especially in cities in developing countries where water is scarce.
Problem Statement
Water companies lose 20–50% of their water as NRW because of old pipes, hidden leaks, bursts, theft, and bad meters. In many cities, they find leaks only during checks or when people complain. This causes slow fixes, high repair costs, lots of wasted water, and less money for the company. Current tools often give wrong alerts, do not work well on big systems, and cannot handle lots of real-time data. We need a smart, automatic AI system to find, locate, and fix water losses accurately.
Objectives of the Project
Main Objective:
 To design and develop an AI-based smart system for real-time detection and mitigation of water losses in water distribution networks to reduce Non-Revenue Water and improve overall system efficiency.
Specific Objectives:
· To collect and analyze real-time data from sensors (flow, pressure, acoustic/vibration) for anomaly detection.
· To implement machine learning models (e.g., anomaly detection, classification) capable of identifying leak patterns with high accuracy.
· To develop a system prototype that provides alerts, leak localization estimates, and visualization dashboards for utility operators.
· To evaluate the system's performance in terms of detection accuracy, false positive rate, response time, and water savings potential.
Scope of the Project
The project looks only at real (physical) water losses like leaks and bursts in city pipes. It includes:
· Building software with AI to find leaks.
· Using fake or small real sensor data.
· Making a simple screen for alerts and views.
· Testing in computer simulations or small lab setups.
Not included: full real-world setup, making sensors, big IoT networks, theft/meter problems only, or linking to billing.
Significance of the Project
This project helps solve a big water problem. It can save huge amounts of water and money for companies. It supports saving water, helps in dry areas, cuts energy used for pumping and cleaning water, and protects nature. AI makes it easy to grow, cheap over time, and gives companies better information to act fast changing leak finding from weeks to hours.
Methodology
The project follows a structured software development lifecycle with an emphasis on data-driven AI development.
· Requirement Gathering
Conduct literature review and stakeholder interviews (utilities, experts), Identify key data sources (flow, pressure, acoustics), performance metrics, and user needs. Define functional (detection, alerting) and non-functional (accuracy, real-time) requirements.
· System Design
Design system architecture: sensors → data acquisition → cloud/edge processing → AI models → dashboard/alerts. Design data pipeline, database schema, and user interface.
· Implementation
Develop data collection/ingestion module (simulated or IoT sensors).
Train and optimize AI models using labeled/unlabeled datasets.
Build backend (Python-based), frontend dashboard, and notification system.
· Testing
Unit testing of modules, integration testing of the full pipeline, Performance testing with simulated leak scenarios and real datasets (accuracy, precision, recall, F1-score).
· Deployment
Deploy prototype on cloud/local server for demo purposes and implement basic scalability features (containerization if applicable).
· Evaluation
Compare model performance against baselines (threshold-based methods).
Measure impact metrics (e.g., estimated water saved, detection speed) and Gather feedback for future improvements.
System Requirements
Hardware Requirements (Development/Testing):
· Standard PC/laptop (minimum Intel i5 or equivalent, 16GB RAM, GPU preferred for deep learning).
· IoT sensors (flow meters, pressure transducers, acoustic loggers) for real data.


Software Requirements:
· Programming: Python 
· Libraries: Pandas, NumPy, Scikit-learn, TensorFlow, XGBoost, Matplotlib/Seaborn
· Database: SQLite/PostgreSQL
· Tools: Notebook
· OS: Windows/Linux
Literature Review
Water loss management remains a critical priority in global water utilities, with Non-Revenue Water (NRW) averaging 20–50% in many systems and frequently exceeding 45% in sub-Saharan Africa, including Tanzania. Traditional methods—such as acoustic correlation, manual surveys, and periodic pressure testing—are labor-intensive, reactive, and limited in scalability for aging or expanding networks.
Recent literature (2023–2026) demonstrates substantial progress in AI and machine learning applications for smart leak detection:
· Acoustic and vibration-based approaches dominate, with deep learning models (CNN, DNN, Transformers) achieving detection accuracies of 89–99.9% in controlled and field settings. Systematic reviews of 87 ML-based vibroacoustic studies highlight improved pattern recognition but note persistent challenges with noise, data scarcity, and false alarms in real networks. Frequency-informed Transformers have demonstrated near-instantaneous (0.25-second) detection with 99.9% accuracy under ideal conditions.
· Pressure and flow anomaly detection leverages supervised/unsupervised techniques (e.g., Isolation Forest, Autoencoders, XGBoost, CatBoost) on SCADA/IoT data, yielding 90–99.6% classification accuracy in case studies. Ensemble models and time-series analysis reduce false positives significantly compared to rule-based systems.
Expected Output
Working software that takes sensor data and finds leaks/anomalies in real time with over 90–95% accuracy in tests, and 30–50% fewer wrong alerts than old methods. Trained AI models with full results (tables, graphs, accuracy over 0.90).  Easy web screen showing network status, leak maps, scores, alerts (email/SMS), and basic leak location on map. Report showing possible NRW cut (20–40% in some areas) and why it is better than old ways.
Conclusion
This AI Smart Water Loss Detection project gives a new, smart way to fix water loss problems. AI helps find leaks early and automatically. It can cut NRW, save water and money, and help build stronger water systems for the future. It can be used by many water companies.






