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Water leakage from aging water and wastewater pipes is a persistent problem, necessitating the improvement of
existing leak detection and response methods. Artificial intelligence (Al)-based leak detection systems can quickly
determine the source and location of a leak by analyzing data collected from various sensors and suggesting the
best course of action to resolve it. [oT technology can be utilized to monitor leaks in real-time and respond

automatically in conjunction with a centralized control system.

water leak detection deep learning machine learning

| 1. Introduction

The detection of leaks is a crucial issue in today’s world, as it has the potential to affect the environment, human
safety, and result in economic losses. Leaks of water, gas, electricity, and oil can occur in various forms, and
hence, the detection of leaks is crucial in industrial, commercial, and residential areas. The objective of leak
detection is to detect and control leaks in a timely manner to create a safe environment and minimize losses. Leak
detection technologies can be broadly classified into physical and electronic methods. Physical methods are
traditional and require experienced professionals, making them labor-intensive, time-consuming, and costly.
Electronic methods, on the other hand, use modern technologies such as sensor technology, data analytics, and
artificial intelligence (Al) to detect and analyze leaks. Therefore, electronic leak detection using Al is receiving a lot

of attention from researchers.

Al-based leak detection systems can quickly determine the source and location of a leak by analyzing data
collected from various sensors and suggesting the best course of action to resolve it. 0T technology can be utilized
to monitor leaks in real-time and respond automatically in conjunction with a centralized control system. However,
there are still significant challenges to be addressed in the development of leak detection technology, such as
improving the accuracy and sensitivity of detection sensors, ensuring performance in various environments, and
developing efficient data processing and analysis methods. Additionally, aging water pipelines consisting of a
mixture of metal and non-metal pipes, coupled with various noises, including environmental, electrical, and natural
sounds, make it difficult to detect leaks. There is an urgent need to develop technology that can accurately detect

leaks in such a complex environment.

| 2. Leak Detection Using Water Pipeline Vibration Sensor
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Recently, advancements in sensor technology have led to the proliferation of diverse sensors, enabling efficient
data acquisition via sensor networks L2, Water pipeline leakage detection techniques can be classified into three
categories: software-based, hardware-based, and conventional methods; it then presents a comparative study of
vibration sensors for water pipeline leakage detection and validates a water pipeline testbed using vibration
sensors B, Liu et al. propose a water pipeline leakage detection method based on machine learning and wireless
sensor networks (WSNSs) that employs a leakage triggered networking method to reduce energy consumption and
a leakage identification method using intrinsic mode function (IMF), approximate entropy (ApEn), principal
component analysis (PCA), and a support vector machine (SVM) to enhance the precision and intelligence of
leakage detection 4. Fereidooni et al. propose a fast hybrid method using Al algorithms and hydraulic relations for
detecting and locating leaks and identifying the volume of losses material in large scale water distribution networks
(WDN) Bl Luong et al. propose a data renovation method to improve the generalization ability of training data for
an intelligent leak detection system based on statistical parameters extracted from acoustic emission signals €.
Nkemeni et al. present a fully distributed solution for leak detection in a water distribution network using a
distributed Kalman filter (DKF) that improves the accuracy of leak detection and power consumption in WSN
applications 4. Shukla et al. present a deep learning algorithm that uses scalogram images of vibration signals
collected from accelerometers attached to the pipeline surface to detect leakages in water pipelines with up to 95%
accuracy 8. Mysorewala et al. present a feasibility study of leak detection in wall-mounted water pipelines through
vibration measurements using low-power accelerometers; they offer a cost-effective and energy-efficient scheme to

detect and classify leaks by optimally placing sensor nodes at carefully selected locations £,

Wang et al. present an experimental study on water pipeline leak detection using in-pipe acoustic signal analysis
and artificial neural network (ANN) prediction to investigate the effects of leak size, pipeline pressure, and flow
velocity on the characteristic of acoustic signal and to improve the accuracy of leak recognition 19, Guo et al.
propose a time—frequency convolutional neural network (TFCNN) model for detecting leaks in water distribution
systems based on acoustic signals, which improves the accuracy and stability of leakage detection even under low
signal-to-noise ratio conditions XX, Ravichandran et al. present an acoustic leak detection system for distribution
water mains using machine learning methods, specifically a multi-strategy ensemble learning approach, which has
demonstrated significant improvement in performance, resulting in a reduction of false positive reports by an order
of magnitude 22, Zhou et al. propose a novel ensemble transfer learning one-dimension convolutional neural
network (TLLDCNN) approach for pipeline leak detection and localization, which integrates the results of a set of
base learners to achieve superior performance compared to traditional methods and other deep learning methods
(23] Lju et al. describe a novel approach to leak detection in water pipes using a Maximum Entropy version of the
Least Square Twin K-Class Support Vector Machine (MLT-KSVC) algorithm. This approach assigns different
weights to leak samples based on the MaxEnt model, reducing the impact of outliers on the classification process

and improving accuracy compared to other methods 24!,

Pipelines are one of the least expensive means of transporting fluids over long distances and distributing fluids in
large areas and cities. As such, monitoring these pipelines to predict and detect leakage accurately and promptly
and to determine the location of the leak is of importance. Sekhavati et al. provides a review and comparative study

of computational methods for pipeline leakage detection and localization, discussing the strengths, weaknesses,
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and limitations of five types of methods: mass/volume balance, negative pressure wave, pressure point analysis,
statistical methods, and real-time transient modeling (12!, Tariq et al. present a study on the application of cost-
effective MEMS-based accelerometers for leak detection in real water distribution networks, where experiments
were conducted over ten months, and machine learning models were developed to improve leak detection
accuracy 1€l Tijani et al. propose a reliable technique for pipeline leak detection using acoustic emission signals
and deep learning to extract leak-related discriminant features from acoustic images obtained from time series
acoustic emission signals using continuous wavelet transform 2. Ahmad et al. propose a reliable technique for
pipeline leak detection using acoustic emission signals and deep learning to extract leak-related features from
acoustic images obtained from time series acoustic emission signals using continuous wavelet transform 8l Xu et
al. propose a method for identifying leaks in water pipes using an explainable ensemble tree model of vibration

signals based on the wave propagation model and the leakage noise mechanism 19,

Deep learning techniques and algorithms are emerging as a disruptive technology with the potential to transform
global economies, environments, and societies. Fu et al. provide a critical review of the role of deep learning in
urban water management, examining its current applications and potential future directions to address key
challenges in the field 2%, Yu et al. present a study on the effectiveness and practicability of using machine
learning models to identify leaks in real pipe networks by classifying vibration signals collected by piezoelectric
accelerometers installed in water distribution systems over several cities of China 21, Zhang et al. describe the
development of a convolutional neural network (CNN)—based model to classify acoustic wave files collected by the
South Australian Water Corporation’s (SA Water’s) smart water network (SWN) over the city of Adelaide for pipe
leak and crack detection with an accuracy of 92.44% [22. vanijjirattikhan et al. present the development of an Al-
based water leak detection system with cloud information management that can systematically collect and manage
leakage sounds and generate a model used by a mobile application to provide operators with guidance for
pinpointing leaking pipes [28l. Choudhary et al. present a novel 1-D convolution neural network (IDCNN) model for
leak detection, location, and size estimation in a smart water grid (SWG) that uses loT sensors and devices to
monitor water transportation; their method showed better accuracy compared to other state-of-the-art machine
learning techniques [24],
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