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Abstract 

Water leak is a common problem that frequently results in water waste, damages, and 

hazards to community wellbeing. Because of the possible risks to community comfort, 

economic cost, environmental injury, labor, energy, unwanted underground water pipeline 

leakages has established more thought universal. Several researchers have proposed 

dynamic leak controller methods to locate, and pinpoint leaks. However, those proposed 

leak detection tools and methods mainly depend on one sensor to notice and pinpoint 

leakages, hence the leak is not well known till the water has climbed overhead the external 

surface.  

In particular, Acoustic sensors are mainly used to trace leaks in distribution water pipes. 

These contain noise loggers, listening devices, and leakage noise correlators. Because of 

the number of noise loggers needed at the specific test point and less sensing capabilities, 

they are not financially feasible and have poor leakage discovery. In addition, the efficiency 

of listening devices such as ground microphones for analytic leaks depends mainly on the 

skill of the operator so that such method is also inefficient and time consuming. The other 

device called Leak noise correlator performs better than Noise loggers and listening 

devices due to its use of correlation techniques. However, it is moveable so it needs labour 

and under noisy environment and erratic pressure on the pipelines, this scheme poses some 

accuracy problem. To increase the performance of water leak detection, this research work 

has proposed correlation technique for Acoustic and Acceleration based Water Leakage 

detection and pinpointing System. Acceleration and Acoustic signals are correlated so that 

the effect of both vibration and sound signal can be captured to identifying and pinpointing 

the leakage. As a result, our proposed correlation technique was an able to detecting and 

pinpointing the effect of both sound and vibration leak signals in underground water 

pipeline. Thus, 95% of water leak in underground distribution pipelines can be detected 

and located significantly. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Over View of Water Leak Detection and Location system 

Leak in water supply structure is an important issue, which is disturbing water visions and their 

consumers widespread. It is therefore no revelation that it has compensated a lot of care by both 

consultants and private eye over the past years. Talking water damages through supply could limit 

the essential to access new sources of freshwater, which are previously diminishing. Leaks inside 

pipe structures are mostly caused by extreme pressures, material faults, aged, outside events and 

vibrations[1]. Effective growth of leakage finding systems have been realized in areas where the 

final product rate is abundant greater than the leak finding charges, such as the chemical, gas and 

oil industries[1]. However, the massive growth in population rate, environmental hazards, public 

health and financial losses over water pipeline leakage has raised many concerns for the 

governments, pipe- line owners and water suppliers. Therefore, developing an effective and cheap 

leak detection method has become a major priority. In utmost water delivery systems, a huge 

proportion of the water is missing in transportation from treatment plants to customers. Water 

injury can be recognized to a number of causes, such as leakage, metering errors, public uses such 

as firefighting, pipe flushing etc. Leakage is generally the main constituent of NRW. Leak happens 

to dissimilar components of the distribution organization, transmission pipes, delivery pipes, 

facility, assembly pipes, junctions, controllers, and fire hydrants. Sources of leakages contain 

erosion, material defects, faulty installation, excessive water pressure, water hammer, ground 

movement due to drought or freezing, extreme loads and vibration from road traffic. Leakage waste 

both money and a praised ordinary source. The main financial damage is the price of raw material, 

its management, and its transport. Leak principals to extra pipe breaks and damage to the water 

supply system. The above reasons encourage water scheme workers to implement leakage control 

programs. In order to attain the country’s goal, admittance to fresh water for all we need to avoid 

wastage of water by any means necessary. Moreover, one way to reduce this waste of water is to 

detect water leakages in the pipes as quickly as they happen and repair immediately. Underground 

water pipelines run hundreds of miles from the water purification station to customer’s homes and 

when a leakage happens the task of maintenance becomes tiresome task without knowing the exact 

position of the leakage. This task becomes not only tiresome, but also unfruitful at times since the 
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repair team does not know where to look exactly. The financial impact of a water leak is massive 

because purification of water is an expensive process and once the water is purified. It needs to 

deliver to the customers without any decrease in the amount. Since the leaks usually happen in 

between the purification stations and the customer’s homes the cost of the water can’t be charged 

on the customer’s bills and the cost of the leaked water becomes loss for the water utility company.  

The detection of water leakage is almost an impossible task using this traditional method is due to 

lack of mechanism for detection of real time data on the flow of water. With traditional methods 

the systems for detection is usually estimated. Moreover, estimation by itself cannot provide water 

leaks the best we can get from estimation is there is a difference between the amounts of clean 

water sent from the purification centers is not similar to what the customers are getting. Merely 

increasing efficiency of water purification centers is not enough to meet present day requirements. 

It is also needed to increase efficiency in the delivery process. Water flow process has to be closely 

monitored so that the purified water is utilized in an efficient manner. Hence, implementing an 

intelligent water flow and a leakage detection mechanism can improve access to clean water in 

great length. Designing an intelligent water flow and a leak detection system will minimize the 

period it takes to repair when a leak happens in the pipe, either due to mechanical damage or due 

to corrosion or other natural factors. Identification of a water leak in a minimum amount of time 

will save the cost of maintenance. Utility companies will save cost which in will increases their 

profit margin. 

 

Water utilities in many portions of our country are facing growing challenges in their attempts to 

meet the demand for drinking water. Addis Ababa water surveying agency (AAWSA) is pumping 

143,000 m3/day, out of which Akaki deep well pumping station supplies 63,000m3/day (Urban 

water supply sanitation project). Near about 35% water is accounted for NRW (AAWSA sources). 

Out of which 10% to 15% is accounted for treatment and evaporation loss. The pumping station 

(bore well to treatment plant) has flow meters installed in required places to estimate the water 

audit and almost there is minimal NRW. The remaining 20% to 25% is wasted as water leakage in 

distribution system only. Assume if 20% of 143,000 m3/day is leakage which amounts to 28,600 

m3/day water is wasted. If one saves that amount of water, 50,000 house hold can be used or new 

connection   can be extended. In terms of economy, 39.5 million ETB/year can be saved. 1m3/day 

loss of water can cost 1381 ETB/year (World Bank report of Addis Ababa on NRW).  This happens 
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due to ageing of systems. The same is true through the different cities of our country. The 

identification of leakages and bad assemblies is becoming an urging task and justified to undertake 

non-invasive detection system. Appropriate and self-directed water leakage identification and 

aware system will decrease NRW. An early leakage discovery benefit not only in saving the natural 

resource but minimizes economic loss. Since the country’s economy depend on healthy people, 

reducing water leakage in what so ever form is going to recover the efficiency and hence justified 

to undertake the project. There is a saying each drop of water saved is more than produced. 

1.2 Statement of the problem 

An access to clean water at this modern age is regarded as not as necessary utility that the country 

has to provide but as a right every human being in the world should be decided. The effort to 

achieve precise to use to clean water in Ethiopia is met with a lot of challenges. It is also common 

experience that nearly 10 – 15 % (AAWSA) of treated water is wasted due to leakage before 

reaching the consumer. The identification of leakages and weak structures is becoming an urging 

task and defensible to undertake non-invasive detection scheme. The main challenge in any 

maintenance task is locating source of the failure or disappointment to function and in any water 

pipeline maintenance means locating the exact location of the leak. In an underground water 

pipeline, even though there are several attempts, pinpointing the location of leak needs further 

research. Hence, we are motivated to make this process of identifying the place of the leaks in 

most reliable ways. Therefore, we propose the Cross correlation method to identify and pinpoint 

water lakes in underground water pipelines so that the leak can be detected and pinpoint 

effectively. As a result, it minimizes leakage problems and maximize the profit of water service 

concerns.  

 

 

 

 



 
 

Page | 4  
 

1.3 Objectives 

 1.3.1 General objective 

The aim of this research work is to propose correlation method to use water leak detection systems 

using Acoustic and Acceleration signals and evaluate its performance. 

1.3.2 Specific Objectives 

 Design the water leak detection and pinpointing system using hydrophone and acceleration 

sensors. 

 Identifying water leakage using the correlation technique. 

 Finding the exact position or location of water leakage. 

 Evaluate the performance of proposed scheme  

1.4 Methodology  

The methods to be employ to achieve the objectives of the research are: 

Study water leakage detection methods: to understand the challenges associated with the water 

leaks in the distribution water pipelines and it is required to understand the different sensor 

networks that are used to detect the leakage. 

Review similar literature: review different research papers help to fine tune the research problem. 

The problem that needs to be addressed through the current work needs to be well understood and 

for this, review similar literature helps to widen the viewpoints for the problem. 

Define parameters of water detection systems: study over all the parameters that are used in 

water locating and detection system. 

Simulation and interpretation of the result: involves the simulation of the water distribution 

leakage detection using the correlation technique. 
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                                     Summary of methodology 

                                                     

Strat 

Preliminary study about water leakage

Review of related works about the leakage 

Data Collection 

Work on water leak detection and localization  

Is the water leak detection and localization 

meet the requirement? 

Simulation 

documentation

end

yes

no

   

                                                              figure1. 1 Flow chart of the methodology 
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1.5 Scope of the thesis  

This research is limited to the angle of electrical and computer engineering view of digital signal 

processing system to notice and trace water leaks in underground water pipelines.  

1.6 Significance of the thesis 

This thesis focuses on the building of an easy and effective system of water leak detection in 

underground pipelines. Building an intelligent leak detection system is a vital part of any water 

pipeline system because when a leak happens the maintenance department should be able to 

identify the exact place of the leak before starting digging. Otherwise digging without knowing 

the position of the leakage is not only inefficient and tiresome, but also risky because under the 

ground there are other infrastructures like fiber optic communication cables and can easily damage 

by the digging.  The thesis will improve, advance and facilitate the leak detection and water flow 

monitoring system in the city by implementing the system in the pipelines and the water 

monitoring station.  In a developing country such as in Ethiopia, proper use of resources is a 

necessary tool for growth and one of these resources is water. Fast and effective method of leak 

detection not only saves time but also a huge quantity of money and other further damages to the 

water pipes and other infrastructures caused by uncoordinated and ineffective search for the 

position of the leakage. 

1.7 Contribution of this research 

A lot of researchers are used hydrophone, geophone and accelerometer sensors individually to 

detect and locate water leaks in underground water pipelines. But the efficiency of using those 

sensors individually is not efficient to detect all the occurred leaks in the distribution pipelines. 

Since, hydrophone sensors are used to sense a leak which is produced audio or sound signals, so 

they detect only sound signals that are generated by the leaks. That means, if the leaks are 

generated vibration signals, hydrophone sensor cannot detect the leak signals and lastly it is 

difficult to detect the leakage. On the other side, acceleration sensors are used to detect vibration 

signals. So if sound or audio signal which is generated by any leaks in the pipeline, then the leak 

can’t detect it. However, this research uses a couple of sensors to improve the efficiency of water 

leak detection and localization system. In this research both hydrophone and acceleration sensors 

are employed at any side of the pipelines to detect and locate the water leaks. Thus, either of sound 

or vibration signals generated by the leaks are detected by either of the sensors. This shows that, 

whatever if leak happens in the distribution pipeline, the system detected by either of the sensors. 



 
 

Page | 7  
 

Another contribution of this research  is that it is not only identifying and locating water leaks in 

the water distribution pipelines, it is also identifies the leak sizes. The importance of this is, 

workers in the system must be give attention to the leak size and they must be give a priority of 

repairing for the large size leaks. 

1.8 Outline of the thesis  

This thesis is organized in five chapters. The First chapter presents an introduction, which gives a 

general concept about the thesis and the second chapter deals with literature review.  Chapter three 

describes the overall scheme design and investigations. Chapter four present the simulation results 

and discussion. Finally, chapter five conclude the thesis and recommend the possible future scopes. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Over view of related works 

This chapter reviews related literature in the area of underground pipeline leakage detection and 

pinpointing systems. The authors in  [2]  explored the application of GPR in detecting underground 

water distribution piping system and leakage of its piping system. However, GPR is sensitive to 

metal materials and it is costly to deploy over large area of water distribution pipelines. The work 

in [3] discussed that, the recognition of burst leakages in water piping by means of vibration 

checking systems. An investigational campaign was started in determining vibration signals 

related to actual leaks happening in definite service pipes of a water distribution network. But in 

this work [3], the sound signals generated by the leaks are not considered. However, detecting the 

leakage by using audio signals are also important. The work in [4]  is a new system for locating 

pipe leaks established based on the cross correlation technique. The system incorporates several 

new developments, most importantly an enhanced correlation method. However, they didn’t 

consider small leak signals generated by the leakages and size of the leaks are not considered.   

Since the leak signals depend on the size of the leak types, therefore, it is necessary to give attention 

to the signal type and leak sizes. The research in [5] used acoustic sensors to detect water leaks in 

underground water pipelines and has defined an investigational study to explore the collective 

filtering effects of the sensors and pipeline on a modified elastic water pipeline for the purposes of 

leak discovery. The sensors measured were hydrophones, geophones and accelerometers. This 

work treated acoustic and acceleration signals separately to detect the leaks. However, if vibration 

signals and sound signals are generated by the leaks at the same time, the scheme in [5] only 

identify the leaks produced by either of the signals. Therefore, it is necessary to capture the effect 

of both signals by using correlation technique.  The work in [7] used transient leakage finding 

technique, which is based on the cross correlation of the signals upstream and downstream of the 

leak. This technique is more accurate and results on their own for a straight pipeline. This technique 

involve human intervention by searching the leak. Hence, as the number of leaks increases and it 

is harder to identify the leaks and also it is labor intensive.  Further technique is explained.  In [8], 

where the detection of burst leaks in water pipes are done by means of vibration monitoring. The 

work in [9] also developed analytical model of the cross correlation method for water leak 
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detection in buried plastic water pipelines has been presented. However the papers in [8] and [9] 

did not mainly consider the wave propagation through different pipe materials. Because the 

propagation of leak signal through the pipeline is different for different pipe materials, therefore, 

it needs several considerations. Thus in order to overcome the accuracy of leak detection several 

requirements are needed to improve the accuracy of the system. The work in [10] studied the 

detected leaks by comparing the pressure plus flow differences within a pipe distribution system. 

This method was time consuming and not accurate. The paper in [11] claimed that leaks can be 

reduced by decreasing the pressure in a pipe. However, if the pressure is decreasing the water 

cannot reach at customers as well. This type of water leak detection can be detect the water leakage 

but it is harder to get the exact location the leak. [13] reported that, using different signal emission 

acquisition systems, working on an extensive variety of distances and in very dissimilar 

environmental situations, good acoustic finding through the system of cross correlation between 

the produced and received signals can be obtained. The paper in [14] presents a vibration based 

pipeline leak detection system. The system is capable of real time acquisition of vibration signals. 

However, the system needs to optimize and consider sound signals to improve detection accuracy. 

Researches in [18, 20, and 21] had applied the cross correlation method to detect leak locations 

within buried plastic pipes. The result explains the influence the pipe material in the propagation 

leak signals through the pipeline. However, they did not consider the influence of diameter of 

pipeline material and the cut off frequency. The research work in [30] researched the acoustical 

method with different effects. This paper uses acoustic sensors like hydrophone and geophone 

devices. However, vibration leak signals doesn’t detect using the used devices. To fill the gaps 

described in the above literature review, we proposed cross correlation technique to detect and 

locate the water leakage in underground pipelines.  

2.2 Water Leak Detection and Localization Methods 

Water reviews characterize the amount of water loss within the conveyance organization. They 

can be actualized on arrange wide source or district-by-district. Network-wide reviews convey a 

common image of water wounds within the conveyance framework as an entirety. These reviews 

require a full bookkeeping of water stream into and out of the conveyance framework, ordinarily 

based on past meter records and stream meter exactness checks. The total nature of arrange wide 

reviews includes critical effort, particularly for huge frameworks. 
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2.3 Leak-Detection Analyses 

In parts that have been recognized as having extraordinary spill, spillages are by and large found 

by implies of acoustic procedures. These procedures, recognize the sound initiated by water spills 

from pressurized pipelines. Spillage commotions are exchanged through the pipeline itself over 

noteworthy separations (depending on pipe measure and sort), and through the neighboring soil 

within the coordinate range of the spillage. At first, leak finding groups not completely bracket 

spillages in water-distribution frameworks by going to on all accessible contact suppositions with 

the dissemination framework such as fire hydrants and valves. Accepted spillages are at that point 

distinguished by tuning in on the ground surface straightforwardly over the pipe at exceptionally 

near interims. Something else, accepted spillages can be recognized consequently by utilizing later 

spillage commotion relationships, which have created well known in later a long time. Ordinarily, 

spillage, sound Correlator are more viable and more exact than tuning in implements.  Leakages 

might moreover be distinguished utilizing a few non-acoustic strategies such as a tracer gas, 

infrared imaging, and ground penetrating radar. The utilities of these strategies for this assurance, 

however, is still exceptionally boundless and their viability isn't as well set up as that of acoustic 

strategies. 

2.4 Leak Detection Equipment and Techniques 

2.4.1 Listening Devices 

These devices incorporate tuning in rods, water phones, and geophones or ground amplifiers, and 

may be either mechanical or electronic. They utilize complex disobedient or assets such as 

piezoelectric components to sense leak initiated sound. Current electronic devices have signal 

amplifiers and sound channels to create the leakage signal view out. The method of listening 

procedures is more often than not frank, but their effectiveness depends on the expertise of the 

administrator. 

2.4.2 Leak Noise Correlators 

These are movable microprocessor based strategies that distinguish leakages consequently based 

on the cross correlation strategy. In this procedure, acoustic leak signals are measured with 

vibration sensors or hydrophones at two pipe association focuses (as often as possible fire hydrants 

or controllers) that bracket the position of a gathered leak. Leakage signals are exchanged from 

the sensors to the correlator wirelessly. The leakage is in greatest cases sited unevenly among 
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estimation focuses and hence there's a time slack between the measured spillage signals. The time 

delay is found from the cross-correlation reason of the leakage signals. Within the event of a 

spillage, the cross relationship work incorporates an unmistakable most extreme at the time move 

between spillage signals. The position of the leakage is calculated based on a number-crunching 

relationship between the time delay, the sensor-to-sensor space, and the proliferation speed of 

sound waves within the pipe. The separate between sensors is measured on place or studied from 

dissemination framework maps. Propagation speeds for numerous pipe sorts and sizes are as a rule 

accessible in most commercial gadgets, or they can be measured effectively on location. This sort 

of technique is nice but the leak noise correlator device is depend on the administrator involvement 

and it is labor expensive. 

2.4.3 Tracer Gas Method 

With this strategy, a non-toxic, water, mystifying and lighter-than-air gas, such as helium or 

hydrogen, is immunized into a disconnected fragment of a water pipe. The gas get away at a 

spillage early and once in the past, being lighter than discuss, saturates to the surface through the 

soil and roadway. The spillage is sited by filtering the ground surface specifically overhead the 

pipeline with a profoundly delicate gas finder. 

2.4.4 Thermography 

The rule behindhand the utilize of thermography for leakage finding is that water leaks from an 

underground pipeline changes the warm highlights of the head-to-head soil, for case, making it a 

more real warm sink than the neighboring dry soil. The ensuing warm abnormalities over piping 

are distinguished with handheld, or vehicle or airplane-mounted infrared cameras. 

2.4.5 Ground-penetrating Radar 

Radar can be utilized to follow leakages in smothering water channeling either by distinguishing 

voids within the soil created by leaking water because it blends close the pipeline, or by 

distinguishing areas of pipeline, which appear profound than they are since of the rise within the 

dielectric steady of adjoining soil immersed by leaking water. Ground entering radar waves are in 

part replicated back to the ground surface when they experience a peculiarity in dielectric 

properties, for case, maintain a strategic distance from or pipe. A picture of the measurement and 

nature of the protest is shaped by radar time-traces accomplished by filtering the ground surface. 
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The time delay between transmitted and reflected radar waves chooses the profundity of the 

reflecting problem. 

2.5 Factors Influencing the Efficiency of Acoustic and Acceleration Approaches 

The productivity of acoustic and speeding up spillage disclosure strategies depends on a few 

variables, counting pipeline measurement, kind, and complexity; soil nature and water table level; 

spill sort and estimate; framework weight; interferometer commotion; and kindness and recurrence 

run of the apparatuses. The pipeline fabric and length have an imperative impact on the debilitating 

of spillage signals within the pipeline. For illustration, spill signals travel farthest in metal 

channeling and are diminished genuinely in moldable ones. The more noteworthy the width of the 

pipeline the more prominent the constriction, and the harder to recognize the spillage. The pipeline 

fabric and width too aggravate the central frequencies of spill signals the bigger the width and the 

less unbending the pipeline material, the lower the most frequencies. This impact makes spill 

signals arranged to impedances from moo recurrence vibrations, e.g., from pumps and interstate 

street activity. The effectiveness of acoustic and increasing speed spillage disclosure strategies 

depends on a few components, counting the soil category and the water table level impact the 

control of spillage signals on the ground outside altogether. Information has uncovered that 

spillage commotions are more particular on sandy soils than on clayey ones and on a black-top or 

concrete surface than on grass. Spill signals are “muted” in case the pipe is lower than the water 

table level. The highlights of spill sounds vary with the spill sort and degree. Parts and 

disintegration profundities in pipe dividers bring more grounded spill signals and higher 

frequencies than spills in intersections or controllers. By and large, the more prominent the spill 

the more grounded the spill flag, but this may not be genuine for exceptionally colossal spills. The 

more prominent the pipe weight, the more grounded the spill signals it is difficult to find spills in 

channels having weights less than 15 psi. There's an important contrast within the affectability, 

recurrence run, and flag preparing and managing out the structures of not at all like acoustic leak-

detection methodologies. The more complex the spillage sensors and the higher the signal-to-noise 

proportion of the instruments, the littler the spills that can be recognized. Cutting edge acoustic 

instruments coordinated signal-conditioning mechanisms such as channels and intensifiers to 

create spill signals stand out. Channels kill interferometer clamor happening outside the major 
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recurrence run of spillage signals. Enhancers recoup the signal-to-noise proportion and make 

powerless spillage signals capable of being heard. 

2.6 Propagation of the leak signals 

Water evasion through a spillage creates a sound. The sound waves spread sideways the pipeline 

divider, fittings, adjacent ground and particularly through the water within the pipeline. In the 

event that the pipeline divider were totally unyielding, the sound would proliferate with a speed of 

roughly 1485 meters per moment. All things considered, the pipeline fabric is persistently versatile 

to a few review. This versatility causes weakening of the weight wave because it advances down 

the pipeline. The sound speed in water pipelines depends on the pipeline fabric and the proportion 

between the distance across and divider width. For metallic channels, the sound speed moderates 

down to almost 1200 m/s, in spite of the fact that the metal assimilates as it were a division of the 

sound vitality and the sound still voyages very distant. Plastic channels are much more versatile, 

lessening the sound speed to 300–600 m/s. Besides, the sound vitality is retained more effectively 

causing the sound waves to end up weaker and weaker as they travel along the pipeline. 

2.7 Attenuation of the leak signals 

Higher frequencies are continuously weakened more grounded with separate than lower 

frequencies. One illustration can be whales within the sea, who communicate over colossal 

separations at subsonic frequencies. Another is far off thunder, which is as it were seen as a moo 

recurrence roll. Be that as it may, indeed lower frequencies are in the long run constricted over 

long separations. When a spill noise is constricted sufficient, it'll be veiled by other commotions 

such as activity, and encompassing clamors from impacts inside the pipe (such as turbulence 

coming about from harsh surfaces) until eventually indeed a master cannot perceive the spill sound. 

Moo frequencies are less attenuated and travel more distant some time recently they suffocate 

within the surrounding clamor. The catch is that human hearing cannot react to the least 

frequencies. The construction of a sound wave is little at reverberation. Underneath the resounding 

recurrence, constriction increments marginally with diminishing recurrence, though over the 

thunderous recurrence weakening will increment unequivocally with increasing frequency. 
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2.8 Factors Affecting the Propagation of leak Signals  

It is watched in reiteration that the wave speed (speediness of spill clamor proliferation through 

the pipe) contrasts essentially from circumstance to circumstance, which this sound does not 

spread expanded separations in plastic channeling. These two things are administrated by the 

behavior of the wave dependable for the spread of the sound along the pipeline. Indeed in the event 

that there are different waves in a suppressed fluid-filled pipeline, there's as it were one that 

commonly plays a driving part within the proliferation of spill commotion. Especially made strides 

amplifier at one conclusion of a buried pipe left the water and the wave speed and weakening of 

the wave were measured employing a number of hydrophones found along the pipeline. It can be 

seen that the ground has exceptionally small result of this at frequencies up to adjacent 500 Hz, be 

that as it may the wave speed is exceedingly subordinate upon the pipe thickness, breadth and 

fabric properties.  Besides, the fabric assets of the pipeline are subordinate upon temperature, so 

the wave speediness can adjustment from day to day. In case the geometry and fabric properties 

of the pipe are recognized, be that as it may, the wave speed can be anticipated very accurately. 

Shockingly, these data are regularly not existing, and so an estimation should be made. The center 

impact of the ground on the wave responsible for the proliferation of spillage commotion is that it 

causes the adequacy to rot with separate from the spill and with expanding frequency. Which 

appears the wave decrease within the buried watery full plastic pipe at the exploratory office at the 

University of East Anglia likened with a related pipe within the air. The cause for this can be that 

the vitality discharges into the ground instead of proliferating along the pipe. It ought to be famous, 

be that as it may, that within the recurrence run where the spill clamor is for the most part 

recognized (up to around 2000 Hz), and the vital harm device is fabric checking within the pipeline 

divider. The impact of a not at all like exterior normal on the wave speed was moreover considered 

by presenting a fluid-filled pipe into the water instead of the ground. It was begun, that in this case 

the wave speed declines somewhat with a comparing little rise within the wave lessening. In case 

a length of pipe contains of shifted media, for case, on the off chance that an harmed area of metal 

pipeline is repaired employing a segment of plastic pipeline, at that point the wave speed will be 

progressed subsequently, making it much more challenging to localize a spillage accurately. In 

case there's a alter in pipeline cross-section, at that point there may well be significant reflection 

of vitality, altogether diminishing the separate over which a spill might be recognized. Side-

branches can also cause reflections which is able to have the same impact. The event of an acoustic 
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flag in a water pipeline is due to the turbulent fly, which is made by the water ejection when there's 

a spill within the pipeline. In addition, as the turbulent fly hits against the divider of the pipeline 

and it'll transmit imperative turbulent pressure varieties, which can influence the pipeline to 

produce a spill acoustic flag, which can spread adjacent to the divider of the pipeline. From the 

estimation of distinctive inquire about papers, the recurrence of the acoustic flag of the water 

pipeline spillage is between 200 and 2000Hz in a metal pipeline and 300 up to 1000Hz in plastic 

pipelines. At this minute, there will be a cut off recurrence, which is evaluated as: 

 𝐅𝐂 = 𝟏. 𝟖𝟒𝐕/𝟐𝛑𝛙 (1.1) 

Where: - v is the sound speed in the pipeline and  

 Ψ is the radius of the pipeline 

Table 1 Sound speed at different pipelines 

It is clear from the above table that sound speed, defining the locating accuracy of the leakage 

acoustic and vibration signal correlation is extremely prejudiced by pipe material, specifically 

when the radius is small.  For example, to analyze the cutoff frequency of pipelines, let us look at 

a cast-iron pipe, which has been widely used as water pipelines. It is indicated in the above table 

that sound speed generally does not exceed 1000 m Sec-1 when the width is more than 300 mm, 

therefore, the cutoff frequency is:  

Diameter (mm) Cast-iron pipe (m/s) Steel pipe (m/s) Cement pipe (m/s) 

100 1220 - - 

150 1170 - - 

200 1120 - - 

250 1080 - - 

300 1010 1070 1080 

500 1000 1030 1020 

600 1000 990 980 

800 980 960 970 

1000 980 930 960 

1200 980 920 960 
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𝐹𝑐=1.84∗1000/2∗𝜋∗0.15≈1953𝐻𝑧 

From this, we can observe that there will be a probability for a leak detection of water pipelines 

due to the leak signal that propagate through the wall of the pipeline. 

2.9 Selection of Sensors and Signal processing  

Since the adequacy of the wave dependable for the proliferation of spillage, sound decreases with 

both separate and recurrence, the pipeline effectively acts as a moo pass channel, with the cutoff 

recurrence lessening as the remove from the spill increments. Hence, on the off chance that two 

sensors are found, one each adjoining of a spill, but at divergent separations from the spill, at that 

point the spill flag proliferates through two distinctive channels. This implies that the degree of 

relationship between the signals will alter as the relative remove between the spill and each sensor 

alter. 
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CHAPTER THREE 

SYSTEM DESIGN AND MODELING 

3.1 Block Diagram of the System 

The system have one basic block, which is repeated in a manner where the whole system is 

constructed from it. Fig 3.1 shows the block diagram of a single block. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. 1 block diagram of a single system 

The detailed block diagram of the sensor node is shown in Fig 3.2.  The sensor plotted in Fig 3.1 

consists the following parameters:-  

A) The sensors, which are an electroacoustic and acceleration sensor type.  

B) A preamplifier, to amplify the analog signal from the sensors.  

Sensor one 

 

Sensor two 

Correlator 

Leak 

detection 

and 

localizatio

n 



 
 

Page | 18  
 

C) Digital filter, to filter noise from the amplified signal, noise, sound can be created from the 

amplifier and the sensor itself. 

D) An analog to digital converter (ADC).  

E) A digital Amplifier, since the ADC and the filter may introduce some attenuation of the signal.  

F) Real Time Clock unit, to keep Track of time and to time stamp each Data.  

G) Microcontroller, to form all the submodules in the sensor node, to convert the data from the 

digital amplifier to a format usable, to control the wireless module and more. 

H) Wireless communication, to send the sensor data to the Controlling node or to correlator.  

                            Block diagram of the sensor 

Acoustic and 
acc sensor

preamplifier

Analog to 

digital 

converter

Digital 

amplifier

microcontroll
er

Real time 
clock

Transmitter

Digital filter

 

Figure 3. 2 Block diagram of the sensor node 

The flow chart of the system design is given in Fig 3.3 
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Flow core of the system 
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Figure 3. 3 flow chart of the system 
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3.2 Cross Correlation Technique 

Leak noise correlation works by comparing the noise recognized at two diverse focuses within the 

pipeline. Expecting reliable pipeline fabric and width, the sound moves from the leakage in both 

ways at a steady speed, so that in case the leakage is halfway among two sensors at that point these 

sensors will take note the signal at the same time. Conversely, if the leakage isn't halfway at that 

point the sensors will distinguish the same noise at distinctive times. This contrast in entry times 

is measured by the correlation process. 

 

Figure 3. 4 leak noise correlation 

The sound speed depends upon pipe fabric, pipe diameter and, to a lesser degree, on the 

surrounding soil. Frequently theoretical values of sound speed are utilized and typically fine for a 

to begin with guess of the spill position. Be that as it may, the speed will change due to numerous 

variables, and essentially, so on the off chance that a repair segment of a diverse pipe fabric exists. 

Sound speed must be measured or, then again, different correlations carried out. With all 

correlation procedures, professionals ought to be mindful that any noise source can result in a 

correlation maximum and all comes about should to in this way be treated as ‘ideas of interest’ 

until they admitted. It is critical to note that the capability of relates is subordinate on the weight 

and level of background noise inside the framework. Moreover, relationship can gotten to be 

impossible, since it needs two checking focuses, one or both points. 

pipiline 
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3.3 Radio Based Correlator 

Accelerometers and hydrophones are deployed on hydrants or comparative extras available with 

suitable pipe surfaces. They are found on any side of the distrusted leak station and the leak 

commotion flag made by the leak is detected by either of the accelerometer or hydrophones 

sensors. The signal is transmitted by implies of a remote transmitter signal to the correlator device. 

 

Figure 3. 5 radio leak noise correlator [7] 

The method normally contains: 

 Correlator or PC computer with advanced correlation software:  used to compute the cross 

correlation of the leak signals. 

 Accelerometer and Hydrophone sensor: to sense the vibration and sound leak signals. 

 Radio transmitter: to transmit the leak signal from sensor to computing nodes. 

 Radio receiver unit: to receive the transmitted leak signal at the correlator side. 

 Battery charger: any electrical device needs electric to function or they need charging. 

 For greatest performance, when detecting low level leak signals, the whole correlation system 

design is enhanced to decrease essential electronic noise signals (always present in electronics). 

This implies that the radios will as a rule be advanced or connecting devices are used to greatly 

decrease the electronic components within the framework. Frameworks for these applications will 

also have an awfully little recurrence reaction, able of operation from some Hertz upwards. With 

the preparing control of present day computers an assortment of progressed sifting procedures are 

presently accessible to advance empower a correlation result to be fruitful. These may be 
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connected amid one put correlation handling and amid post preparing. Relationship preparing and 

introduction of comes about changes significantly between manufacturer’s items. 

3.4 The Leak Signal Velocity Problem 

The exactness of the leak noise correlation is greatly subordinate upon the value of sound speed 

utilized. In the event that the leakage is center from both sensors at that point the spill position 

result is unaffected by the speed. The blunder in spill position, due to utilize of erroneous speed, 

increments as the spill position gets to be closer to either sensor and usually frequently the biggest 

single reason for dry gaps. On plastic channels and on expansive distance across mains the sound 

speed shifts much more from the hypothetical values (as compared to the variety on littler breadth 

mains). Use of an exact speed esteem is additionally critical when working over longer separations 

on all pipe materials. All Correlator will store, hypothetical values and these are the values utilized 

on a to begin with relationship run. It is exceptionally emphatically prescribed that, the speed of 

sound is measured by presenting a fake commotion. This clamor can besides be among the sensors 

or, an out of bracket clamor. There may be troubles in finding reasonable noise source or in 

identifying it given that the leakage sound is additionally show. 

3.5 Leak Detection Using Cross Correlation Function 

The cross correlation strategy for premise position is comparatively direct. Vibration or acoustic 

signals are measured by implies of either accelerators or hydrophone sensors at two contact focuses 

of the channels, on either side of the area of a theoretical spillage. The signals from the sensors are 

input to the spillage, correlator, which calculates the cross-correlation work of the two signals and 

appears comes about to the specialist. Fig. 3.11 appears a normal measurement course of action 

for a spillage within the underground water pipeline. A get to focuses wherever a sensor can be 

connected is set on each side of the spill at separations d1 and d2. Consider the condition where 

the records measured are two persistent irregular signals 𝑥1(𝑡)  and𝑥2(𝑡)  which are anticipated to 

be stationary. Setting the mean value of each signal to zero, the cross correlation function is defined 

by [9] 

 𝐑𝐱𝟏𝐱𝟐(𝛕)
= 𝐄[𝐱𝟏(𝐭)𝐱𝟐(𝐭+𝛕)] (3.1) 

Where𝜏 is the lag of time; and E [] is the expectation operator. The argument 𝜏 that maximizes 
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Eq. (3.1) provides an estimate of the time delay 𝜏peak. In practice, however, 𝑅𝑥1𝑥2(𝜏)
Can only be 

estimated as signals are always measured during a finite time interval. For example, if the two 

signals 𝑥1(𝑡) and 𝑥2(𝑡)  Are measured in a common time interval0 ≤ 𝑡 ≤ 𝑇; the biased correlation 

estimator, 𝑅𝑥1𝑥2(𝜏)
is given by 

 𝑹𝒙𝟏𝒙𝟐(𝒕)
 =

𝟏

𝑻
∫ 𝒙𝟏(𝒕)𝒙𝟐(𝒕+𝝉) ⅆ𝒕

𝑻−𝝉

𝟎
, 𝝉 > 𝟎 (3.2) 

 

 

𝑹𝒙𝟏𝒙𝟐(𝒕)
=

𝟏

�̅�
∫ 𝒙𝟏(𝒕)𝒙𝟐(𝒕+𝝉) ⅆ𝒕, 𝝉 < 𝟎

𝑻

𝝉

 

(3.3) 

3.6 Cross-Correlation for Signal Analysis 

A method for the work of the cross relationship work with tested information is appeared 

underneath, where * signifies conjugation. The basic relationship estimator can be coming about 

from the converse Fourier change of 𝑋1
∗(𝑓)𝑥2(𝑓) and climbed appropriately for normalization, 

where 𝑥1(𝑓) and𝑥2(𝑓)  are the Fourier transformed of 𝑥1(𝑡)  and𝑥2(𝑡) correspondingly. It is proper 

to express the cross correlation function in a regular form, namely the correlation coefficient 

𝜌𝑥1𝑥2(𝜏)
is defined as 

 
𝛒𝐱𝟏𝐱𝟐(𝛕)

=
𝐑𝐱𝟏𝐱𝟐(𝐭)

√𝐑𝐱𝟏𝐱𝟏(𝟎)𝐑𝐱𝟐𝐱𝟐(𝟎)

 
(3.4) 

Where 𝑅𝑥1𝑥1(0)𝑎𝑛𝑑 𝑅𝑥2𝑥2(0) are the values of auto correlation functions 

𝑅𝑥1𝑥1(𝜏) 𝑎𝑛𝑑    𝑅𝑥2𝑥2(𝜏)      𝑎𝑡 t =0: If a spillage happens among the two sensor areas, an isolated 

maximum peak may be found within the cross relationship work. This gives the time delay τ most 

noteworthy that relates to alter in entry times between the signals at independently sensor. The 

position of the leakage compared to one of the measurement points is simply calculated using a 

simple numerical relationship between the time delays, the distance d between the access points 

and the propagation wave speed c in the buried pipelines. 
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Figure 3. 6  Basic cross correlation process 

3.7 Influence of Background Noise on the Correlation Method 

The declaration of this area is to calculate the impact of noise on the correlation strategy, in which 

commotion can be included within the systematic perfect of the relationship coefficient coming 

about in equation 3.4. Expect that the leakage signals measured by two acoustic and acceleration 

sensors are within the presence of the background noise. This could be modeled as 

 𝒙𝟏(𝒕) = 𝒔𝟏(𝒕) + 𝒏𝟏(𝒕) (3.5) 

 

 𝒙𝟐(𝒕) = 𝒔𝟐(𝒕) + 𝒏𝟐(𝒕) (3.6) 

Where random processes s1(t), s2(t), n1(t) and n2(t) Are stationary. If the sound for each sensor 

is invented interrelated with each other and with the signals, then the cross-correlation function of 

signals x1 (t)  and x1 (t) is given by 

 𝐑𝐱𝟏𝐱𝟐(𝛕) = 𝐑𝐬𝟏𝐬𝟐(𝛕) (3.7) 

Eq. (3.7) shows that the influence of the uncorrelated background noise can be disinterested when 

correlating the two sensor signals.  Noting that   Rxx(0)=δ2. The cross-correlation coefficient 

ρx1x2(τ)
 with the effects of noise is assumed by 

 
𝛒𝐱𝟏𝐱𝟐(𝛕)

=
𝐑𝐱𝟏𝐱𝟐(𝐭)

√𝐑,𝐱𝟏𝐱𝟏(𝟎)𝐑𝐱𝟐𝐱𝟐(𝟎)

=
𝛒𝐬𝟏𝐬𝟐(𝛕)

(𝟏 +
𝛅𝐧𝟏

𝟐

𝛅𝐬𝟏
𝟐 ) (𝟏 +

𝛅𝐧𝟐
𝟐

𝛅𝐬𝟐
𝟐 )

 
(3.8) 
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Where 𝛿𝑠1
2 , 𝛿𝑠2

2 , 𝛿𝑛1
2 𝑎𝑛𝑑 𝛿𝑛2

2   are variances of signals  𝑠1(𝑡),𝑠2(𝑡),  𝑛1(𝑡) and  𝑛1(𝑡) respectively. 

 𝜌𝑥1𝑥2(𝜏)
   is the theoretical prediction of the cross-correlation coefficient. Eq. (3.8) displays that 

the correlation coefficient is powerfully exaggerated by the signal to noise ratios at the two 

measurement locations. Based on data about the acoustical features of the leakage signal and the 

measurement locations, estimations of the signal-to-noise ratios (SNR) for sensor signals can thus 

be achieved from the correlation coefficient. In the occurrence of the background noise, for 

example, at sensor 1, the SNR in terms of the ratio 
𝛿𝑛1

2

𝛿𝑠1
2  in Eq. (3.8) is defined as: 

 
SNR=10 log10(

𝜹𝒏𝟐
𝟐

𝜹𝒔𝟐
𝟐 ) 

(3.9) 

A similar process can be implemented to find the SNR at sensor2. Observing that the correlation 

method is affected by the selection of the cutoff frequencies of high and low-pass digital filters, 

the SNR can thus be improved using wisely selected frequency data. Cross-correlation (or cross-

covariance) consists on the displaced dot product between two signals. It is often used to quantify 

the point of similarity or Interdependence between two signals. For two purposes of signals. Let 

say x and y are continuous and discrete functions. The cross correlation formula is written as 

follows. For continuous signals 

 

𝐑𝐱𝟏𝐱𝟐(𝐭)
=

𝟏

�̅�
∫ 𝐱𝟏(𝐭)𝐱𝟐(𝐭+𝛕) ⅆ𝐭

𝐓

𝛕

 

(3.10) 

 

For discrete signals 

 
(𝐱 ∗ 𝐲)[𝐧] = ∑ 𝐱 ∗ [𝐦]𝐲[𝐦 + 𝐧]

∞

𝐦=−∞

 
(3.11) 

An example of the working principle of the discrete cross correlation:-  

Let us assume a sample value of two signals x and y. 

X [n] = [1, 2, 2, 2] 

Y [n] = [1, 2, 2] 

Y [-n] = [1, 2, 2] on 0,-1,-2 x axis 

Then 

(𝑥 ∗ 𝑦)[𝑛] = ∑ 𝑥 ∗ [𝑚]𝑦[𝑚 + 𝑛]

3

𝑚=−2
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The calculation of cross correlation between the two discrete signals are given in the next page. 

 

Y [-n]        1                2              2 

 [X[n] 1     1               2                2 

           1     1               2                2 

           2     2               4               4 

           2     2                4              4 

 

Adding the diagonals {1, 3, 6, 8, 8, 4} 

(𝑥 ∗ 𝑦)[𝑛] = ∑ 𝑥 ∗ [𝑚]𝑦[𝑚 + 𝑛]
3

𝑚=−2
= {1, 3, 6, 8, 8, and 4} 

 

Figure 3. 7 plot of x[n] in discrete 

 

Figure 3. 8 plot of y[n] in discrete 
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Figure 3. 9 Plot of y [-n] in discrete 

 

 

Figure 3. 10 cross correlation of y[n] and x[n] 
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3.8 Bandpass filters to avoid unwanted noise  

When working with information, one vital handle is filtering, which simply means to remove 

frequencies from the information clearing out frequencies of certain interest to work with. For 

case, when dealing with time arrangement, sifting out frequencies comparing to the semidiurnal 

and diurnal tidal components, or sifting out annual variations. Channels can be depicted as direct 

systems, the input is the unfiltered information and the yield is the sifted data. 

The term random signal is utilized fundamentally to indicate signals, which have an arbitrary in 

its nature source. As a case we can specify the warm commotion, which is made by the irregular 

development of electrons in an electric conductor. The behavior of stochastic signals can be 

represented as it were within the mean. 

Bandpass networks are broadly utilized in remote transmitters and collectors. The most work of 

such a channel in a transmitter is to constrain the transfer speed of the yield signal to the band 

distributed for the transmission. This avoids the transmitter from interferometer with other stations. 

In this thesis band pass filter is used to filter some environmental and background noises. Filtering 

the signals makes extra peaks within the cross-correlation function, which covering the most top 

due to the time can delay. A degree of the size of these crests compared to the most crest is the 

proportion Δf/fc [12], where Δf = f upper – f lower in which f upper is the upper cut-off recurrence 

and f lower is the lower cut-off recurrence of the band-pass channel, and fc = (f upper + flower)/2 

is the central recurrence of the band-pass channel. In this thesis the range of band bass filter is 

considered as between 200 up to 2000 Hz leak signals. 

3.9 Pinpointing Leakages 

When there are water leaks within the underground water channels, internal liquid streams out to 

deliver vibration and sound signals and they proliferates in both headings from the spill point. As 

appeared in Fig 3.11, sensors are included along with the ends of the pipelines counting of a 

spillage point, and in this way a distinction happens within the vibration or sound wave gathering 

time due to the alter in separate among the spill point and the sensor. Considering the genuine 

world pipeline development, the fabric and measurement of a pipeline may be distinctive on both 

sides of a combined. Characterize the time difference as 

 𝚫𝐭 = 𝐭𝟐 − 𝐭𝟏 (3.12) 
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Where t1 and t2 mean the time for the vibration and sound wave to reach at sensors 1 and 2 from 

the leak point, respectively. The time difference 𝛥𝑡 can be estimated by correlating the get signals 

of acceleration and hydrophone sensors. For the time existence, it is presumed that 𝛥𝑡 is known, 

and the estimation of 𝛥𝑡 is consider. 

Case 1: if only one leak is there between the sensors 

Figure 3. 11 only one water leak happens between two sensors 

The numerical analysis is given as follows 

 ⅆ𝟏 + ⅆ𝟐 = 𝐃 (3.13) 

Where D is the total length of the pipeline. d1 and d2 are the leakage distance from sensor one and 

sensor two respectively. But the relationship between the speed and distance is given as follows: 

 𝐯 = 𝐃 ∕ 𝐭 (3.14) 

Where 𝑣 is the speed of the leak signal, 𝐷   is the distance between sensor one and sensor two 

measured in meter and 𝑡   is the time taken the leakage Nosie enters to the sensors measured in 

second. 

Leak distance from sensor 1 can be calculated as: 

 ⅆ𝟏 = 𝐕𝐭𝟏 (3.15) 

Leak distance from sensor 2 can be also calculated as: 

 ⅆ𝟐 = 𝐕𝐭𝟐 (3.16) 

Subtracting d1 from d2  

 ⅆ𝟐 − ⅆ𝟏 = 𝐯𝐭𝟐 − 𝐯𝐭𝟏 (3.17) 

 

 ⅆ𝟐 − ⅆ𝟏 = 𝐯(𝐭𝟐 − 𝐭𝟏) (3.18) 
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 ⅆ𝟐 − ⅆ𝟏 = 𝐯𝚫𝐭 (3.19) 

Equating (3.13) and (3.19) 

     d1 + d2 = D 

                                                         Add the two equations  

  d2 − d1 =  vΔt 

 

 𝟐ⅆ𝟐 =  𝐃 + 𝐯𝚫𝐭 (3.20) 

 

 ⅆ𝟐 =  𝐃/𝟐 + 𝐯𝚫𝐭/𝟐 (3.21) 

 

   ⅆ𝟏 =  𝐃 −  𝐃/𝟐 + 𝐯𝚫𝐭/𝟐 (3.22) 

Case 2: if there are two leaks between the sensors 

 

 

Figure 3. 12 two leaks between sensors 

In Fig 3.12 case, there are two leakages.it can be calculate the leak distances from the two 

sensors as follows. Considering leak one: 

 
𝒕𝟏 =

𝒅𝟏

𝒗
 

(3.23) 

Where 𝑡1 Is the time taken to reach the leak signal one to sensor one  

 
𝒕𝟐 =

𝒅𝟐

𝒗
 

(3.23) 

Where 𝑡2 Is the time taken to reach the leak signal one to sensor two 
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𝒕𝟑 =

𝒅𝟑

𝒗
 

(3.24) 

Where 𝑡3 is the time taken to reach the leak signal two to sensor one 

 
𝒕𝟒 =

𝒅𝟒

𝒗
 

(3.25) 

Where 𝑡4 is the time taken to reach the leak signal two to sensor two 

 

 
𝒕𝟒 =

𝒅𝟒

𝒗
 

(3.25) 

 𝑑1 + 𝑑2 = 𝐷 (3.26) 

 

 𝒅𝟑 + 𝒅𝟒 = 𝑫 (3.27) 

 𝑑1 + 𝑑2+𝑑3 + 𝑑4= 2𝐷 (3.28) 

 

 𝒅𝟏 = 𝟐𝑫 − 𝒅𝟐−𝒅𝟑 − 𝒅𝟒 (3.29) 

𝑑1  is the leak  distance from sensor one  

Case 3: the leakage happening between two different pipelines 

In this case, two different pipelines are considered. Thus the velocity leak signals between the 

two pipelines are different. Hence, in this case the effect of pipe material is explained. 

 

  

                           

Figure 3. 13 leak is at different two pipelines (but in first pipe) 
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From the Fig 3.13, it is clear that, the leak is reached to sensor one at time t1 and to sensor two at 

t2 

That is: 

 𝒕𝟏 =
𝒅𝟏

𝝂𝟏
    (3.30) 

Where 𝜈1  is sound speed in one pipe 

 𝐭𝟐 =
ⅆ𝟐−ⅆ𝟏

𝛎𝟏
+

ⅆ𝟑

𝐯𝟐
    (3.31) 

Where 𝜈2  is sound speed in the pipe two 

 𝚫𝐭 = 𝐭𝟏 − 𝐭𝟐 =
ⅆ𝟏

𝛎𝟏
   − (

ⅆ𝟐−ⅆ𝟏

𝛎𝟏
+

ⅆ𝟑

𝐯𝟐
  )    (3.32) 

 

 𝚫𝐭 =
ⅆ𝟏

𝛎𝟏
−

ⅆ𝟐

𝐯𝟏
+

ⅆ𝟏

𝐯𝟏
−

ⅆ𝟑

𝐯𝟐
   (3.33) 

 

 𝚫𝐭 =
𝟐ⅆ𝟏

𝛎𝟏
−

ⅆ𝟐

𝐯𝟏
−

ⅆ𝟑

𝐯𝟐
  (3.34) 

Generally, it can be calculate the leak distance from sensor one as follows. 

 𝟐ⅆ𝟏

𝛎𝟏
=  𝚫𝐭 +

ⅆ𝟐

𝐯𝟏
+

ⅆ𝟑

𝐯𝟐
 

(3.35) 

 

 ⅆ𝟏= 
𝟏

𝟐
(𝐯𝟏𝚫𝐭 + ⅆ𝟏 + ⅆ

𝟐
𝐯𝟏
𝐯𝟐

) 
(3.36) 

 

d1 is the leak distance from sensor one .this shows the location of leaks in the pipelines. 

Case 4: if leakage is there at the second pipeline  

 

Figure 3. 14 leak is at different two pipelines (but in the second pipe)  
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Let: t1 is the time taken to reach the leak signal at sensor one and t2 is the time taken to reach the 

leak signal at sensor two .d1 is the length of pipe one  ,d2 is the length of the pipe two. Since there 

are two different pipelines, the speed of the leak signal is also different for different pipe materials. 

Therefore, the speed of leak depends on the property material of the pipelines. Therefore we can 

have a velocity “V1” for pipeline one and “V2” for pipeline two. So the time difference is 

calculated as: 

 
𝐭𝟏 =

ⅆ𝟏

𝐯𝟏
+

𝐲 − ⅆ𝟏

𝐯𝟐
 

 

(3.37) 

 

 
𝐭𝟐 =

ⅆ𝟐

𝐯𝟐
+

𝐲 − ⅆ𝟏

𝐯𝟐
 

 

(3.38) 

 

 𝐭𝟏 − 𝐭𝟐=
ⅆ𝟏

𝐯𝟏
+

𝐲−ⅆ𝟏

𝐯𝟐
− (

ⅆ𝟏

𝐯𝟏
+

𝐲−ⅆ𝟏

𝐯𝟐
) 

 

(3.39) 

 

 
𝚫𝐭 =

ⅆ𝟏

𝐯𝟏
+

𝐲 − ⅆ𝟏

𝐯𝟐
−

ⅆ𝟏

𝐯𝟏
−

𝐲

𝐕𝟐
+

ⅆ𝟏

𝐕𝟐
 

(3.40) 

 

 
𝚫𝐭 =

ⅆ𝟏

𝐯𝟏
+

𝟐𝐲 − 𝟐ⅆ𝟏 − ⅆ𝟐

𝐯𝟐
 

(3.41) 

Finally, the leak distance from sensor one is given by: 

 
𝒚 = 𝒅𝟏 +

𝟏

𝟐
(𝒅𝟐 + 𝒗𝟐𝜟𝒕 − 𝒅𝟏

𝒗𝟐

𝝂𝟏
) 

(3.41) 
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CHAPTER FOUR 

SIMULATION RESULT AND DISCUSSION 

4.1 Simulating Analysis of Water Leak Detection and Location Systems  

Simulation is a practical and scientific approach to analyze a complex system. In this research, mat 

lab software is used to examine the water leak detection and localization system. The water leak 

detection and localization simulation is intended to carry out the cross correlation, leak 

identification, leak location and distance calculation analysis. The simulation of the system is 

relatively a hard task, since there is no any means to represent, the acoustic and acceleration 

sensors, it is assumed that import of acoustic and acceleration data into the simulation software. A 

MATLAB2018a simulation software was used to simulate the system. The simulation is done in 

a script code and different plots are given to visualize the result. The script is organized in such a 

way, first loads the data in a variable, then it filters the data to get the leakage signals. Next, it will 

correlate the filtered data to find whether leak happens or not. Finally, it calculates the time delay 

from the sample delay of the two signals by simply dividing the sample delay by the sample time.  

The distance calculation formula is employed to calculate the distance of the leakage point from 

the first sensor and second senor, getting the speed of sound of the pipe to be 1000 m/s for metal 

and 890 m/s for plastic pipelines. In this section, it is going to understand whether a leak is there 

or not by using the cross correlation technique. Since this research uses two couples of sensors to 

collect the water leak signals from the leak generating pipelines, therefore it is used cross 

correlation method which is used to detect and to locate the water leak in underground pipelines. 

There are few steps which are used to detect and locate the leaks in this thesis research. 

Step one: Getting leak data’s from sensors 

Here, three different leak signals are considered which are received from three different leak sizes 

to simulate our system. Thus, the leak signals are received from low, medium and high pressure 

values of leaks. In this thesis the leak signals are classified as between the range of 200 Hz – 500 

Hz as small, 500 - 1200 Hz as medium and from 1300 – 2000 Hz as large size. The Leak signals 

can be also generated from having high, medium and low leak sizes. The strength of pressure or 

frequency generating from each leak size are different. This research considers three leak size 

types with three leak signals of different frequencies in each leak size. In this step it is assumed 

that, leak signals are received from acoustic and acceleration sensors  at three different leak sizes 



 
 

Page | 35  
 

and  then the received leak signals are plotted both in time and frequency domains to analysis the 

strength of the leaks. The three leak signals are plotted in Fig 4.1a, 4.1b and 4.1c. 

 

       

 
A.Received leak signal from medium pressure 

               

 
b. Received leak signal from high pressure 
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c. Received leak signal from low pressure 

Figure 4. 1  water leak signals received from large leak sizes 

The Fig 4.1 shows the plot of water leak signals that are received from large leak sizes with 

different pressure values. That means, it is assumed that the sensors are recorded the leak signals 

and then, the transmitter which is interfaced with the sensor is transmitting the recorded data into 

the correlator (personal computer or laptop).the correlator will compute the cross correlation 

analysis of the received leak signals and it identifies weather leak happens or not. Now let’s 

consider water  leak signals generated from medium leak sizes at different pressure values. The 

plots in Fig 4.2a, 4.2b and 4.2c are leak signals received from medium leak sizes. The process is 

the same with the plots in Fig 4.1a, 4.1b and 4.1c, but the difference is only the size of the leak 

types. The strength of the leak signals  depends on the leak size types. so that, as the leak size 

varies the signal strength will also vary. This is because, if there are a lot of leaks occurred at the 

same time in the distribution water pipelines, then the repairing process must be in the sequence 

of having large leak, medium leak and small leak respectively. 
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A.  Received leak signal from small pressure 

 

B.  Received leak signal from high pressure 

 

a .  Received signal from medium pressure 

Figure 4. 2 received leak signals from medium 
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It is clear that, the leak signals plotted in Fig 4.2a, 4.2b and 4.2c are received leak signals from 

medium leak sizes with different pressure values. Since the pressure and frequency are depend on 

each other, the strength of frequency is also depends on the pressures value. Therefore, the high 

pressure water flow through the pipeline it generates leakage signals having a high frequency 

values. Lastly, leak signals generating from small leak sizes are plotted in Fig 4.3a, 4.3b and 4.3c 

b. From the plots it is showed that, as the leak size changes, the strength of leak signals is also 

changed. Generating leak signals from small leak sizes have small magnitude and small frequency 

values. The cross correlation of those types of signals have no high peak values. This is because 

of the leak signal strength. The cross correlation of leak signals generating from large leak size 

have a large peak point. The highest peak values in the cross correlation function indicates the 

strength of the leak sizes. 

        

 

a .  Received signal at high pressure 

 

b.   Received signal at low pressure  

Figure 4. 3 leak signals generating from small leak sizes 
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 The sensors are recorded leak signals in the time domain. Ones the leak signals are plotted in time 

domain and therefore, it is necessary to filter the recorded leak signals. Because the sensors can be 

record another noise signals generated by other activities around the area of the sensors, filtering 

is mandatory. So as it is explained in the literature review, the range of frequency leak signals are 

between 200 Hz and 2000 Hz. Therefore, in order to get good information about the leak signals, 

below and above the ranges are must be removed using filters. From step one it is concluded that, 

the leak signals generated from three different leak sizes are plotted in time domains. But in the 

second step the leak signals are plotted in frequency domain to analysis the frequency range of the 

leak signals. 

Step two: Converting leak signals from time domain to frequency domain  

The need of converting leak signals from time domain to frequency domain is to analysis the 

frequency of signals or leak signal frequency ranges. It is expressed that, the leak signals at low 

leak sizes are having frequencies around 200Hz and at large leak sizes, they have a frequency of 

around 2000 Hz. In general leak signals are having frequencies between the range of 200 and 2000 

Hz. The plots in this section are frequency domain of in Fig 4.1a-c, 4.2a-c and figure 4.3a-b plots. 

 

a.   Received water leak signal at high pressure in frequency  
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b .  Received water leak signal at medium frequency in frequency domain 

 

c .  Received water leak signal at low pressure in frequency domain 

Figure 4. 4  frequency domain of leak signals received from small leak size 

The plotted in Fig 4.4a, 4.4b and 4.4 c are frequency domain of leak signals received from small 

leak size. And the frequency domain of leak signals generated from high leak sizes are plotted in 

Fig 4.5a, 4.5b and 4.5c. 
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a .  Received signal at low pressure in frequency domain 

             

 

b .  Recorded water leak signal at medium pressure in frequency domain 
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c.   Received signal at high pressure in frequency domain 

Figure 4. 5 frequency domain of leak signals received from large leak size 

In general, the first above in Fig 4.4 shows that, receive the leak signals from small leak size type 

with different pressures values in frequency domain. Whereas the second plots in Fig 4.5 shows 

are received at high leak size with different pressure values in frequency domain. Lastly, in   the 

Fig 4.6 shows recorded leak signals at medium leak size. The plots are varying with the leak type 

and pressure values. 

 

a .  Received signal at medium pressure 
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b.   Received signal at high-pressure  

Figure 4. 6 frequency domain of leak signals received from medium leak size 

The above all plots are the overall receptions of leak signals at different leak sizes with different 

pressure values for each leak size. All the plots in fig 4.4, 4.5 and 4.6 are leak signals in frequency 

domains to know the frequency range of leak signals. According to the range of frequencies of 

leak signals filtering is applied in step three. 

Step three: Applying filters 

 Here we are going to filter the leak signals. In the received leak signals, sensors can be get other 

noise signals such as environmental noise, human sound and traffic noises. Even if, there is no 

leak in the pipeline, the sensors can be receive another noise signals. But in order to get leak signals 

only, it needs to filter those received signals. Thus, it is necessary to avoid small noises that are 

generated by the environmental effects and the large noise signals generated by any traffics. Once 

it is known that the range of leak signal frequencies and it is necessary to design a band pass filter 

according to the range of leak signal frequencies. The received leak signals from different leak 

sizes are filtered between 200 Hz and 2000 Hz by a band pass filter as follows. 
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a .  Filtered Received signal from large leak size at high pressure 

 

b filtered Received signal from large leak size at medium pressure 
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c.   Filtered Received signal from large leak size at low pressure 

Figure 4. 7 filtering leak signals received from large leak size 

The plotted in figure 4.7 describes filtered leak signals generating from large leak size. The power 

spectrum indicates the power distribution of leak signal frequencies. The magnitude of the plotted 

in the Fig 4.7 is the same but the difference is the frequency of the signals. 

 

a.   Filtered Received signal from small leak size at medium pressure 
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b . Filtered Received signal from small leak size at high pressure 

        

 

c .  Filtered Received signal from small size at low pressure 

Figure 4. 8 filtering leak signals received from small leak size 
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Fig 4.8 shows that filtered leak signals from small leak size with different leak pressure values. 

The power spectrum of the plots are -60 dB, -40 dB and -80 dB respectively. Thus, at high pressure 

leak signal the power spectrum is also high. But the power spectrum is low at having low pressure 

leak signals. The plot in figure 4.7c indicates that, the sensor receives two leak signals and it filters 

the two signals.  

 
a.   Filtered Received signal from medium leak size at high pressure 

 

b.   Filtered Received signal from medium leak size at medium pressure 
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c.   Filtered Received signal from medium leak size at low pressure 

Figure 4. 9 filtering leak signals received from medium leak size 

The plot in Fig 4.9 are filtered leak signals generating from medium leak size at high, medium and 

low pressure values. In general, this research considers three leak sizes types and three different 

pressure values for each leak size to detect and to locate leaks in underground pipelines. Thus, the 

leaks getting from high, medium and low leak sizes have high, medium and low signal strengths 

respectively. The band pass filter is filtering the noise of leaks, according to the frequency range 

of leak signals. Thus it is necessary to remove unwanted noise to get good and accuracy on the 

leakage detection and localization system. Three steps are explained earlier in this research, but 

the next step is identifying whether the leak is there or not by using cross correlation technique. 

After getting leak signals from the pipe, then it is necessary to filter them, and lastly, computing 

the cross correlation is an important issue to identify the leakage in the underground water 

pipelines. 

Step four: Identifying the leakage 

As it is explained in chapter three that, to locate the leak in the pipelines, the correlation algorithm 

is a better way and effective to apply in different software like in a Mat lab. To correlate the signal 

and locate the location, first the correlator receives the acoustic and acceleration signals from the 

sensors implanted in both nearby pipelines and conducts the cross-correlation. Thus the cross 

correlation of different water leak pipelines is given in Fig 4.10. In this section it can also identify 
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the size of the leakages. If the cross correlation signal has high amplitude, then, the pipeline has 

large leak size and it must to be given priority for that leakage first. However, if we have got small 

cross correlation amplitude leak signals, then the leak have a small size. Cross correlation is not 

only identifies the leaks, but also identifies the leak sizes as well. 

 

Figure 4. 10 Cross correlation of having large leak size leak signals 

The cross correlation plotted in Fig 4.10 shows that, the cross correlation leak signals of with high 

pressure values. Thus, high pressure leak signals are generated from large leak size. The strength 

of the cross correlation indicates the size of the leak. 
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Figure 4. 11 Cross correlation of having medium leak size leak signals 

Fig 4.11 is also the cross correlation of two leak signals with medium leak size. Thus the magnitude 

of the cross correlation is small when compared with the magnitude of cross correlation plotted in 

Fig 4.10. This shows that the leak size plotted in figure 4.10 is greater than the leak size plotted in 

Fig 4.11. And the cross correlation plotted in figure 4.12 have a smaller magnitude than Fig 4.10 

and Fig 4.11. This indicates that, a leak is occurring, but the leak has small leak sizes. Therefore, 

the cross correlation also identifiers the leak size. From the three plots of cross correlation it is 

explained that, the leak plotted in Fig 4.10 have large leak size and the leak plotted in figure 4.11 

have medium leak size and the last plotted in figure 4.12  have small leak size. The repairing 

priority is given according to the leak size. The leak with having large leak size must be given a 

repairing priority first. 

 

Figure 4. 12 Cross correlation of having small size leak signals 

Step five: Locating the leakage 

After identifying water leaks in the distribution pipelines, it is necessary to know the exact location 

of the water leakage. To do this, it is assumed the following parameters in the simulation mat lab 

software. Those are: Metal pipeline and plastic pipeline type, the gap between the sensors is 
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assumed to be 300m for metal pipelines and 270 m for plastic pipelines, and propagation velocity 

of the leak signal is assumed 1000m /s for metal pipelines and 800m/s for plastic pipelines.by 

considering those parameters, it is simulated this research work for three different leak sizes in mat 

lab software using line codes. In addition, the output of the simulation is given as follows. 

Output of Leak location of large leak size signals 

Time delay = 0.0032 

Change in distance =3.1738 

Leakage distance from first sensor =151.5869 

Leakage distance from second sensor =148.4131 

lat1 = 0.9111 

lon1 = 0.0025 

lat2 = 1.8139 

lon2 = 0.0025 

The output is the simulation result of localization leaks of having high pressure values at large leak 

size. The first line shows the time delay of the two cross correlated signals. And the second line 

shows the change in distance of the leak between the two sensors. The leak distance from sensor 

one and from sensor two is expressed in line three and four. The reference point of leak distances 

are sensors. Thus, it is necessary to now the sensor position to get the reference point of leak 

distances. The last line of the simulation shows that the latitude and longitude of the sensor 

positions. 

Output of Leak location for medium leak size leak signals 

Time delay =0.0500 

Change in distance =49.9773 

Leakage distance from first sensor =125.0113 

Leakage distance from second sensor =174.9887 

lat1 = 0.9111 

lon1 =0.0025 
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lat2 =1.8139 

lon2 =0.0025 

From this simulation, it is concluded that, as the time delay goes increasing the leak position is 

also going near to one of the sensors. But if the time delay goes to zero the leak position is 

approached to the center of the two sensors. If the time delay is exactly zero the leak position is 

also exactly at the center of the sensors. The next output interprets the delay goes to zero. 

Output of Leak location of small leak size leak signals 

Time delay = 0      

Change in distance = 0      

Leakage distance from first sensor =150  

Leakage distance from second sensor =150   

lat1 = 0.9111 

lon1 = 0.0025 

lat2 =1.8139 

lon2 = 0.0025 

4.2 Graphical User Interface 

In this research, graphical user interface is developed to realize the water leak detection and 

location system. This application is designed in mat lab guide, and it considers real data leak 

signals to perform the system. This application considers four sensors and the sensors are attached 

in the pipeline separated by 300m in metal and 270m in plastic pipelines. But the sensors are 

transmitted filtered signals to the correlator or to the control center. Therefore, the Correlator 

receives filtered leak signals from sensors and then the Correlator plots the leak signals in time 

and in frequency domains to identify the strength of receiving signals. Lastly, the Correlator 

computes the cross correlation of the received signal and it identifies weather “leakage” is there or 

not. After the Correlator computes the cross correlation of the received signal and if the leak is 

happening in the pipelines, then the application displays a notification “warring”. Thus ones the 

leakage is identified, then it calculates the time delay by using the Correlator application to locate 

the leakage positions. The time delay is used to calculate the leak distance from the sensors. The 
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GUI developed in this research computes more than one cross correlation at the same time, if it 

receives more than one leak signals. Since the correlator computes more than one cross correlation 

at the same time, it is called correlator technique. Therefore, this thesis explains, cross correlation 

technique to detect and locate a water leak in underground pipelines. In this section the graphical 

user interface is discussed briefly. Figure 4.13 shows the overall system of the design. 

 

Figure 4. 13 Overall GUI system 



 
 

Page | 54  
 

At the top of the GUI design shows that, the Correlator is ready to receive filtered leak signals 

from four sensors. The correlator receives leak signals as in Fig 4.14. The filtered leak signals are 

saved in the computer or laptop and select the leaks and upload to the correlator. In the Fig 4.14 

below shows that, by clicking the data’s from the computer the leak signals are uploading to the 

correlator system. 

 

Figure 4. 14 uploading filtered signal 
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Figure 4. 15 Uploaded filtered data’s and plot in frequency and time domains 

In the Fig 4.15, the GUI receives four filtered signals from four different sensors “data1, data2, 

data3 and data4” and the received signals are plotted in time and frequency domains. From the 

plotted signals in Fig 4.15, the first two sensors are transmitted almost the same signals and also 

the third and the fourth sensors are also transmitted almost same signals. Thus to identify the leak, 

the correlator computes the cross correlation of the received signals see in Fig 4.16. Because of 

the correlator receives four leak signals, it computes three cross correlation at the same time. The 

cross correlation in Fig 4.16 shows that, there are three leakages in the pipeline and the word 

“warning” is also displayed for more information. From the cross correlation results, the 

maximum peak point shows that the leak signal is reached in both sensors at the small time delay. 
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The maximum peak point shows also the strength of the signals. Thus the cross correlation with 

having a maximum peak point have a large leak size. Therefore, the repairing priority is given first 

for the leaks having a large size. 

 

Figure 4. 16 Cross correlation of leak signals 

In the Fig 4.16, the first and the third cross correlation results have large peak points, but the third 

one has more peak point than the first one. From this it is concluded that, the leakage size in the 

third one is larger than the first one. But in the second plot of cross correlation, leakage is there, 

but it is generated from small leak size. Since the system identifies three leaks in the pipeline, and 

then it finds the exact location of the leaks by computing the time delay for each cross correlation 

result. In this work the distance between each sensor is considered 300m and 270 for metal and 

plastic pipe materials, respectively. The leaks are bracketed by the sensors. The pipeline is 
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considered metal and plastic type pipeline and the speed of the signals traveling through the metal 

to reach at each sensor is also assumed to 1000m/s. Using those parameters and by calculating the 

time delay from the cross correlation of the  signals the location of leakage is calculated. 

  

Figure 4. 17 finding the exact location of leakage 
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The time delay of the three cross correlation of the signals is calculated in the Fig 4.17. The leak 

locations are also computed. Since the sensors are separated by 300m apart, the sum of leak 

distances from each sensor must be 300m. The negative sign distance indicates the direction of the 

leakage from the sensors. After the location of all leakages are determined, then lastly, the system 

finds the location of the sensors. Ones the place of sensors are designed in the pipeline and then 

the sensor positions interface to GIS system to get the sensor places. 

 

Figure 4. 18 getting GPS of sensors 
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Figure 4. 19 leak localization at small leak size 
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Figure 4. 20 leak localization a centralized leak position 
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Figure 4. 21 there is one leak only 
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4.3 Comparison of our system with the existing water leak detection systems 
Water leak detection and localization using accelerometer sensor is given in the figure below. 

 

Figure 4. 22 accelerometer sensor to detect and locate water leaks. 

From Fig 4.22 it is shown that, only vibration or small leaks are detected by using acceleration 

sensors. Thus, high leak signals or sound leak signals are not detected by the accelerometer. So 

that, even if there are a lot of acoustic signals that are generated by the leaks, using acceleration 

sensor the leak can’t  properly detected. This results water wastage or lost. Another method to 

detect and to locate water leakage is using hydrophone sensors. But this method is also detected 

and locates only sound leak signals generated from high leak sizes. The feedback of this system is 

if there are vibration signals generated from small leak sizes, they can’t detect using the system. 
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This also results water wastage or loses. The simulation of the system is given in the Fig 4.23. The 

system detects only acoustic signals not more another signal which is generated by the leaks. 

 

Figure 4. 23 using hydrophone sensors to detect and locate water leaks 

To mitigate the feedback or the gap of the two above systems, this research uses a couple or a 

hybrid of the two sensors to improve the efficiency of water leak detection and localization 

systems. The result of this method is shown in Fig 4.24. This thesis work has used cross correlation 

technique to get the exact location of water leaks in the distribution pipelines. Accelerometer and 

hydrophone sensors are used together to improve the system. As shown in the Fig 4.24 both 

vibration and sound signals that are generated by the leaks are detected and located using those 

sensors. 
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Figure 4. 24 hybrid sensors (accelerometer and hydrophone) sensors to detect and to locate water leaks. 

By using a cross correlation technique the water leak detection and localization system can be 

improved. Thus, whatever if there are leaks signals generated by the leakage using our system the 

leakage can be detected and located properly. 
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4.4 Influencing of pipe diameter on the speed of water leak results 

 

Figure 4. 25 water leak detection and localization at 300mm diameter metal pipeline 

In this part, it is explained that the influence of pipe diameter on the water leak detection and 

localization system. Thus, as the pipe diameter is small, the speed of the leak signals is transmitted 

or propagated well through the pipeline. But if the diameter is large the leak signals are spread out 

over all the diameter of the pipe and causes propagate slowly leak signals. Therefore, the time 

taken leak signals to arrive at the sensors is also high. The cross correlation system depends on the 
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time delay of the two signals. If the time delay between the two signals is high the correlator also 

waits for some time still they arrive at it. The Fig 4.26 shows the cross correlation of water leak 

signals at 500mm diameter pipelines. 

 

Figure 4. 26 water leak detection and localization at 500mm diameter metal pipeline 

On the other side, the speed of water leak signals at different pipelines is different. Metal pipes are 

suitable for the propagation of leak signals than plastic pipelines. Due to this, the separation of the 

sensors are must be based on the pipe material and diameter of the pipes. This thesis work considers 

300m separation of the sensors on metal pipelines and 270 m separation in plastic pipelines. The 

result of the two different pipelines is the same without the distance of the two sensors. The below 

Fig 4.27 shows the result of water leak detection and finding the exact location at plastic pipelines. 
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Figure 4. 27 water leak detection and localization for plastic pipeline 

In the Fig 4.27 results show that, the separation distance between the sensors is 270 m to improve 

quality of cross correlation techniques. Generally, the leak detection and localization system is 

depend on the pipe materials, pipe diameters, speed of leak signals, separation of the sensors etc. 
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Table 4.1 comparison performance between hydrophone, acceleration and couple of the two 

sensors 

Water leak Detecting Method  Sound  leak signal  Vibration  leak 

signal 

Performance  

Acoustic sensor Detected  Not detected  50% detected  

Acceleration  sensor Not detected  Detected  50% detected  

Hydrophone and acceleration 

sensors  

Detected  Detected  95% detected  

 From the table it can be conclude that, using hydrophone and acceleration sensors separately, 

water leak cannot be detected and located as well. But water leak can be detected and located using 

both hydrophone and acceleration sensors by deploying at the same place. Using this method, 95% 

of water leak in underground distribution pipelines can be detected and located. However, Due to 

environmental noises, pipe type materials and diameter of pipes can be effect on the performance 

of water leak identification and localization scheme. Thus the error of water leak detection and 

localization can be   +   1 meter. The performance data given in the above tables are based on the 

simulation result of each water leak detection and localization methods. 
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CHAPTER FIVE 

Conclusion and Recommendations 

5.1 Conclusion 
A The ultimate objectives of the study of water leak detection guidelines are to introduce the 

relevant leakage features, To designing the water leak detection system for effective transfer of 

signals from sensor nodes to compute nodes, to identifying water leakage using the correlation 

technique and  finding the exact position or location. So, this research, cross correlation technique 

was applied to detect and locate water leaks in the distribution water pipelines. Using this method, 

whatever, if any leak signals are occurring in the distribution pipelines, they are detected and 

pinpointed effectively. The most important contribution is that, the cross correlation technique was 

able to identify the leaks and leak sizes in the distribution pipeline system. This approach is 

effective and users can easily know the condition of leak sizes as “small”, “medium” or “large. 

Although any leaks are required to be repaired, the leak sizes, report can offer priority of repair 

sequence. 

5.2 Recommendations 

 As mentioned in the conclusion part of this research, the technique is an effective way for water 

leak detection and localization scheme. The method mentioned used in this research is also used for 

other applications like for checking quality of asphalts and buildings .So, we recommended that, other 

researchers are to investigate the system for the listed another applications. 
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Appendix 
From Time domain to frequency domain converter code 

[Y, Fs]=audio read ('data4.wav'); 
       N= length(y);        
       t= [0:1/Fs :( N-1)/fs];  
        Subplot (211)  
        Plot (try), title ('Time Domain') 
        Label ('Time (s) '), label ('Amplitude') 

     
        %%Fourier Transform 
        f=Fs/N.*(0: N-1);  
        Y=fat (yen);  
        Y=abs(Y (1: N)). / (N/2);       
        Subplot (212)  
    Plot (fly), title ('Frequency Domain') 
    Label (‘Frequency (Hz)'), label ('Amplitude') 

 

Filtering code 

Close all; 
Clear; 
[Y, Fs] = audio read ('record20190217095801.3gpp'); 
[Sample data, sample rate] = audio read ('record20190217095801.3gpp'); 
Fan = Fs/2;                              % NY Quist Frequency (Hz) 
WFP = 1000/Fan;                           % Passband Frequency (Normalized) 
Wes = 1100/Fan;                           % Stopband Frequency (Normalized) 
Rap =   1;                               % Passband Ripple (dB) 
Rest = 150;                               % Stopband Ripple (dB) 
[Knows] = cheb2ord (WP, Ws, Rp, Rs);         % Filter Order 
[Z, p, k] = cheby2 (n, Rs, Wes,'low'); % Filter Design 
Figure 
Plot (sample data);            % Original Signal 
Title ('Original Signal in time domain'); 
Label ('Time (s)'); label ('Amplitude'); 
 N= length(y);      
       t= [0:1/Fs :( N-1)/Fs];  
        Figure  
        Plot (try), title ('Time Domain') 
        Label ('Time (s) '), label ('Amplitude') 

     
        %%Fourier Transform 
        f=Fs/N.*(0: N-1);  
        Y=fat (yen);  
        Y=abs(Y (1: N)). / (N/2);       
        Figure  
    Plot (fly), title (' Frequency Domain') 
    Label (‘Frequency (Hz)'), label ('Amplitude') 
Plot (sample data); % Filtered output 
Title ('Filtered Signal'); 
Label ('Time (s)'); label ('Amplitude'); 
 N= length(y);      
       t= [0:1/Fs :( N-1)/Fs];  
        Figure  
        Plot (try), title ('filtered signal Time Domain') 


