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ABSTRACT: This paper describes an experimental study of non-invasive leak detection technique 

using Micro Electro Mechanical System-based WSN in a multi-hop environment. An outdoor test 

bed of dimension 21m by 18m made up of fifteen (15) PVC pressure pipes of 2 inches diameter was 

set up; six (6) Valves (V1toV6) installed at each joint of the network. The six (6) pieces of custom-

built acceleration-based sensor nodes were attached few meters away from the Valves to sense, 

process and transmit data to the sink node which forwards the collated packet to the base station. 

In the monitored pipeline network, leak or rupture was found to correspond to an increased 

pipeline surface acceleration (measured in g-force). The difference in acceleration data collated 

from each network joint shows that the acceleration of water flow in a pipeline network tends to be 

higher in a sloppy area. Non water-flow and water-flow conditions for closed, half and full-open 

valves condition were considered and graphical plots of acceleration data with time indicating the 

presence of rupture along the pipeline were presented. 
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1.0 Introduction 

Modern Society primarily depends on 

transportation of fluid (water, oil, etc.) through 

the pipeline. With the widespread demand for 

the supply of pipeline products, technique for 

pipeline leak detection is becoming 

increasingly important [1]. Sometimes, pipeline 

could be subjected to theft sabotage and 

corrosion; which usually results in wastage and 

environmental hazard. The use of human patrol 

system in pipeline monitoring poses a great 

difficulty in detecting leakages in pipelines. 

This is because; the patrol team can only take 

observations of what is happening when they 

are present [2]. There are many mechanisms in 

detecting and locating points of leak in pipeline 

system. Some mechanisms make use of 

acoustic emission which generates noise signals 

which can be picked up by acoustic sensors 

installed outside the pipeline [3]. The Oil 

pipeline Supervisory Control and Data 

Acquisition (SCADA) system for pipeline 

monitoring focuses on centralized data 

collection and control. This makes the pipeline 

monitoring system expensive and tedious [2]. 

This paper describes an innovative pipeline 

leak detection method that involves the use of 

acceleration-based WSN that ensures that 

change in pressure of a fluid in a pipeline due 

to leakage produces change in acceleration of 

water flow. Wireless Sensor Network (WSN) 

offers an economical and effective solution in 

detecting and locating leak points in pipelines. 
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2.0 Review of Related Works 

Many researchers have studied the use of 

Wireless Sensor Network (WSN) to detect 

leaks in pipeline system. Different leak 

detection techniques have been applied in water 

pipeline. 

Authors in [4] used Micro Electro Mechanical 

System (MEMS) sensor network to develop a 

non-invasive monitoring of pipeline system to 

detect leakages. They incorporated MEMS 

accelerometers for measuring flow-induced 

vibration on the surface of a pipe to determine 

the change in water pressure caused by rupture. 

Their work presented an experimental 

investigation of the relationship between flow-

induced vibration and pressure fluctuations. 

From the same work, it was found that there is 

a non linear but proportional relationship 

between the flow rate (or pressure) and flow-

induced vibration of the pipe surface. 

Therefore, the major area of improvement is to 

increase the number of sensor nodes to enable 

the study of sensor directivity.   

Authors in [5] demonstrated the concept of leak 

detection in pipeline system using WSN. When 

there was rupture along the pipeline, the fluid 

pressure would change which equally led to 

change of acceleration of pipe surface along the 

pipe length. The work is limited to be applied 

on a small scale pipe network since it contained 

a sensor and ball valve. The major limitation to 

this literature is that a single sensor will be 

unable to analyze sensor directivity. In other to 

enhance the leak detection, sensor directivity 

should be studied and implemented with 

multiple sensors. This is only possible when 

many sensors are deployed on the test bed. 

Authors in [6] used Pressure Point Analysis 

(PPA) in detecting leak points in pipeline 

system. The PPA method detects leaks by 

monitoring pipeline pressure at a single point 

along the line and comparing it with a running 

statistical trend constructed from previous 

pressure measurements. However, it is difficult 

for this method to be used in wide leak points. 

Therefore, the application range of PPA is too 

narrow. Moreover, pressure point analysis is 

cost effective and easy to maintain. The major 

limitation is that it detects only small leaks and 

due to its narrow range of application, it is 

difficult to be used in localizing leaks in 

pipelines. Authors in [7] used MEMS 

accelerometers for measuring vibration on the 

surface caused by rupture and damage location. 

Their work showed a novel damage detection 

method based on MPAG (maximum pipe 

acceleration gradient) instead of MWHG 

(maximum water head gradient. The limitation 

to above literature is that there is no local 

processing algorithm for rupture detection data 

and enhanced communication protocol between 

sensor nodes. Thus, inaccuracy in sensing a 

leak point may be inevitable. Authors in [8] 

used the detection principle of the pattern 

recognition method that is based on transient 

feature extraction and structural pattern 

recognition for the negative pressure wave 

caused by a pipeline leak. This type of 

detection method can effectively reduce the 

false alarm rate and the missing detection rate, 

and improve the accuracy of leak detection. 

The major limitation of pattern recognition is 

that it is expensive. Authors in [9] proposed 

WSN called PipeNet, with fixed nodes. It 

integrates sensors which are able to generate 

acoustic vibration and collect acoustic/vibration 

data at high sampling rates. It equally provides 

algorithms to detect leakages in the pipe 

network. The uniformity of the liquid 

characteristics is not guaranteed during 

detection of leaks. Authors in [10] developed a 

sensor network platform that uses acoustic 

sensing devices such as lead Zircarnate Titanate 

(PZT) to generate acoustic signals. The 

acoustic sensors are customized to the structure 

of the pipeline thereby making the method 

inappropriate for other types of pipeline 

technologies. 

2.1 Wireless Sensor Network 

A wireless sensor network is a collection of 

sensor nodes interconnected by wireless 

communication channels. A wireless sensor 

node is a small wireless device that encompasses 

a microcontroller, a radio transceiver, an 

antenna, a power source, and one or more 

sensors. A lightweight operating system enables 

a node to function and provides features such as 

sensor polling, data aggregation and 

manipulation, wireless communication, and 
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remote access. Wireless networks are broadly 

divided into infrastructure and infrastructure less 

network, where infrastructure network consists 

of wireless node with a network backbone and 

infrastructure less network consist of distributed, 

independent, dynamic topology, low-power, 

task–oriented wireless sensor nodes. Cellular 

wireless network falls under the category of 

infrastructure network whereas ad-hoc and 

wireless sensor network (WSN) are part of 

infrastructure less network. In an ad-hoc 

wireless network, the wireless devices integrate 

and communicate with each other by making an 

on-spot dynamic wireless link.  

 

Figure 1: WSN Architecture 

3.0 Methodology 

This project describes the use of acceleration-

based wireless sensor nodes to monitor pipe 

surface acceleration between network joints 

non-invasively and detect the leak point on the 

pipeline. Acceleration-based sensor nodes are 

placed at uniformly spaced intervals on a water 

pipeline to monitor water flow. When there is 

leakage, there will be sudden disturbance in the 

water flow which induces corresponding 

sudden change in acceleration of the pipe 

surface vibration. This change in the pipe 

acceleration is measured. Rupture is simulated 

by opening and closing of valves and switching 

the pumping machine on /off. 

3.1 Leakage Detection Technique 

A leak is identified when less fluid leaves the 

pipe than is expected from the measurements of 

input flow and estimates of the pipe contents. 

There are various techniques for detecting leak 

in a pipeline network. Change in induced 

vibration of pipe surface due to rupture was 

adopted in this work as the leakage detection 

technique. More specifically, Micro Electro 

Mechanical System (MEMS) sensors were 

installed at all the joints in the pipe network. As 

a result, at least two ends of every link of the 

network were monitored. The accelerometer 

sensors used in this work ensured that change 

in water pressure in a pipeline induced by 

leakage produced change in acceleration of the 

water flow. Therefore, leakage was identified 

directly from the value of acceleration at each 

point. When a leak occurred in the monitored 

network, the transient change in the water 

pressure propagated through the network and 

induced corresponding change in the 

acceleration of pipe surface vibration.  

3.2 Experimental Test Bed Description 

To demonstrate the concept of Leak detection 

and localization in pipeline system, a mini 

water pipeline Test bed was setup behind the 

block A wing of Prof. Gordian Ezekwe Faculty 

of Engineering building, Nnamdi Azikiwe 

University, Awka Anambra State. The 

rectangular test bed has a dimension of 21meter 

by 18meter with 15 pieces of 18 feet PVC 

pressure pipes of 2 inches diameter equipped 

with 6 valves. Both ends were terminated at 

water pump location; the thickness of the 

pipeline is 6mm. The pipeline was filled with 

high pressure water being supplied by the water 



32 
 

pumping machine. The acceleration sensor 

nodes were attached at the uniformly spaced 

interval from the valves and the valves were 

used to emulate ruptures. In the experiments, 

rupture was emulated by the opening and 

closing of the valves. The valves were adjusted 

manually to three different stages: closing, half-

opening and complete opening, where closing 

means high pressure and no water flow from 

the outlet of the valve; half-opening means 

medium pressure with water flowing; and 

complete opening means low pressure with 

water flowing. The acceleration sensor nodes 

were attached on the pipes, and pipe 

accelerations were measured during the process 

of opening and closing of the valves. The 

measurements were carried out for three days 

and the average data was obtained. The 

readings of the sensor nodes were displayed at 

the base station. Fig.1 shows the engineering 

Test bed drawing drawn to scale. 

  

 
 

Figure 2: Experimental Test bed 

3.3 Principles of Pipeline Operation 

Normal pipeline operations involved the 

operation of controlling the valves at each 

point. Leak detection systems were therefore 

operated over a wide range of process 

conditions, some of which appeared to have the 

characteristics of leak patterns. The basic 

challenge is to distinguish between the normal 

operational processes that would indicate leak 

occurrences and some other non-typical 

processes which would equally indicate leak 

occurrences. The leak occurrences were 

emulated using valves opening and closing. 

Some other non-typical processes include: 

leakage caused by vandalism and earthquake. 

In normal operational process, when the 

pumping machine was switched ON, water was 

allowed to circulate through the pipeline with a 

maximum pressure. The maximum pressure 

was obtained by manually covering the other 

end of the pipe which terminates at the Water 

Reservoir. Immediately the pressure of the 

water got to optimum level; at about 

240seconds, measurement was taken assuming 

a non-leak condition. Then, each valve was 

half-opened and full-opened for 240seconds 

respectively and vibration data were collated 

via the sink node and sent to the base station. 

This is called a leak condition. Rupture was 

found along the pipe when comparing the leak-

free data with that of leak data.  
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5.0 Result Analysis 

.       The nodes were deployed on the developed 

Testbed for experiments after confirming that 

they are working according to design 

specifications. Firstly, data was recorded by the 

base station when no fluid was flowing through 

the pipeline network so as to differentiate its 

result from what was obtained  when fluid was 

flowing into the network, and then the valves 

labeled V1 through V6 were adjusted manually 

but sequentially to three states: closing, half 

opening, and complete opening, where closing 

means high pressure and no water flow through 

the valves; half opening means medium 

pressure with water flowing in the pipeline 

network; and complete opening means low 

pressure with water flowing through the valves. 

Initially, the valves were closed to allow the 

pressure to build up gradually, and after 

240seconds, the valve at V1 was half opened 

and allowed to stay in that position for 

240seconds to simulate partial or half rupture 

before closing, and subsequently the valve at 

V6 was completely opened also for about 

240seconds to simulate full rupture at V6. From 

the theory supporting the design of the system 

for monitoring of rupture in a linear network 

using information from pipe accelerations, it 

was seen that change in acceleration along the 

pipe was occasioned by a sharp change in pipe 

vibration at the corresponding locations along 

the network. The recorded data were processed 

in the form of distribution charts and graphs 

subsequently analyzed. The graphs of fig. 3 to 6 

show the representation of the pipeline system 

on non-water flow condition, water flow 

condition; half rupture and full rupture 

situations.  

A)               4.1 Analysis Of Pipeline Network During No 

Water Flow 

Figure 2 shows the plot of acceleration with 

time when no water is flowing in the pipeline 

network. The acceleration data with time and 

also the mat lab program code for plotting the 

acceleration with time were recorded. From the 

figure 2, it is seen that there is almost equal 

value of acceleration of all the nodes since no 

water is flowing through the pipe network.      
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Figure 3: A graph of acceleration with time at no water flow 

4.2 Analysis of Pipeline Network During 

Water Flow 

Figure 3 shows the plot of acceleration with 

time the water is flowing and valves (V1 

through V6) are fully closed. From figure 3, 

nodes 5 and M have the highest acceleration as 

result of the topography of the test bed 

environment. These were installed on pipe 

network which were located at sloppy terrain. 

This means the acceleration of the water flow 

would be high compared to that of other nodes. 

Node 5 has the highest acceleration (38.61g) at 
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170 seconds. The pipe acceleration has very 

high values when compared to non-flow 

condition in figure 2 
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Figure 4: A graph of acceleration with time at flow when all valves are closed 

4.3 Analysis of Half Rupture at Water Flow 

(V1 is Half Opened) 

From figure 4, it is seen that node 1 has the 

highest acceleration value of 67g at exactly 90 

seconds and 200 seconds. This suggests the 

presence of partial rupture around node 1. This 

relies on the hypothesis that rupture of 

considerable size in the system causes sudden 

expulsion of water, resulting in abrupt change 

in water acceleration through the pipe network. 

Also, the figure 4 shows that there is a sharp 

change in the acceleration of the pipe surface at 

98 seconds and 200 seconds when valve V1 is 

half opened. 
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Figure 5: A graph of acceleration with time when V1 was half opened 

4.4 Analysis of Full Rupture at Water Flow 

(V6 is Fully Opened) 

From figure 4, when the water flows through 

the pipeline network, and V6 is fully opened, it 

will be seen there is sharp change in 

acceleration of the fluid at exactly 90seconds, 

122seconds, 179seconds 200secods 210seconds 

and 220seconds with their corresponding 

acceleration at 122.36g, 139.56.g, 89.34g, 

118.41g, 120.78g and 125.13  respectively. 

This suggests that full rupture takes place at 
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V6.   The values of acceleration data at this 

node are highest than other nodes acceleration 

data. This is as result of the topography of the 

test bed environment. It shows that the node is 

located at sloppy terrain which validates the 

fact that water flow rate is at maximum in a 

sloppy terrain. 

The graphs show that the effect of simulated 

rupture in terms of acceleration depends on the 

distance of the rupture and the sensor locations. 

The closer the nodes to the point of rupture the 

higher the acceleration changes. The magnitude 

of acceleration change decreases as one moves 

away from the rupture point with distance. The 

peak values obtained are considered as the 

main parameter in identifying the rupture in the 

pipeline network.  
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Figure 6: A plot of acceleration with time when V6 was fully opened 

5.0 Conclusion 

In this research work, a water-pipe rupture 

detection method based on time-correlated 

acceleration data collected using MEMS-sensor 

network from different joints in the water 

distribution system was developed. It uses 

MEMS accelerometers for the measurement of 

acceleration on the pipe surface to determine 

induced vibration caused by rupture. 

Experimental observation shows that there is 

sharp change in acceleration of water flow 

which is always accompanied by a sharp 

change in induced vibration of the pipe at the 

corresponding locations along the pipe length. 

The ruptured segment of the system shows a 

distinctly different transient response compared 

to the responses associated with other common 

ambient forces. The difference in acceleration 

data collected from each network joint shows 

that acceleration of water flow in a network 

tends to be higher in a sloppy area. The results 

show that it is possible to detect rupture in a 

water pipeline by time-correlated acceleration 

data analysis. 

5.1 Recommendation for Further Studies 

The further work will encompass the expansion 

of the experimental test bed to create more 

sensor nodes and valves and allow the system 

to stay for longer period. Further studies are 

needed to effectively analyze situations where 

there are multiple ruptures occurring at the 

same time in the water distribution system. 

Rupture events should better be analyzed in 

frequency domain instead of time domain as to 

show discrepancy between signal from 

earthquake and ambient noise from that of pipe 

rupture event. 
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