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Abstract:Water distribution network (WDN) design of hydraulic model Gurthali, NARWANA-JIND, 

HARYANA. The objective of this paper to detecting the leakage in water supply system.I have built an 

intelligent system means fuzzy logic system which take the correct decision about the leakage is present or 

not in pipeline network which follow the continuous monitoring enhancement of discrete monitoring. 

Spectral monitoring to take decision with variation of set of data with in a particular time. The objective 

of this work to detect the leakage in pipeline with correct decision. Intelligent system extension of discrete 

monitoring system.  
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I. INTRODUCTION 

In the previous implemented base paper define a discrete monitoring system which take the decision in a 

particular time at the basis of one coefficient. Today‟s all monitoring approach take the decision at the 

discrete components. This is the first decision making approach. Whatever which type of leakage 

detection available they all operate on discrete values for making decision but in discrete system all values 

vary to the external and other leakage factors then alarming system or monitoring system will give wrong 

decision. In discrete monitoring can‟t classify it is real leakage or external disorder leakage because they 

don‟t have a decision approach. They are unable to take a correct decision.  

Existing system take the decision through threshold but to overcome and to take a correct decision we 

built intelligent system means fuzzy logic intelligent system that improve the capability to take a correct 

decision. 

We take real leakage data with measured parameters pressure, flow, leakage value and demand. To 

observed all parameters and identify the leakage in pipeline network. Discrete monitoring has two 

conditions without leakage and with leakage.  
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II. Literature Review  

 

This chapter includes the literature review of the to detect leak detection and categorical review on the 

different technology. 

[Ezeofor et al, 2016] proposed work to find out complete simulationon SMS based robotic system which 

detect the leakage in pipelines. In given pipe lines to use the GPS/GSM/GPRS technology. In industry to 

design a system which are based on the robotic system and using different GPS technology.  In water 

supply distribution network welding is a not the proper solution for leakage. In industries today, using the 

internet of things-based on hardware devices like Arduino. 

 

[Swathi et al, 2018] Presented paper to use the monitoring and controlling the leakage in water pipeline. 

There are leakage of water at large scale and more water waste. Many industries continue monitor the 

leakage in water supply system to using on off control algorithm. To detect the value man power use 

manually methods. To control leakage and monitoring create a Lab view based sensors and hardware 

includes flow sensor, solenoid value, relay and Arduino. 

 

[J. Vinoj et al, 2018] Presented work to represent the water leak and theft detection system with internet 

of things in smart city. Water leak detect by remote network sensor which create with Arduino uno 

microcontroller board and gathered information in details. Smart city mission of India works on this 

project to improve the economic growth. Message queuing telemetry transport very simple and 

lightweight messaging protocol, design for high latency, low bandwidth, and reliable network. In future to 

create an application for water leakage and water theft. Automatically, alarm start whenever water theft. 

This method can be applying for other area and using android application. 

 

 

Table1. Comparison table 

 

 
 

 

III. METHODOLOGY  

 

3.1 Objectives of Fuzzy logic method 

 

 To monitor and detect the leakage in water supply network. 

 Detect the leakage with spectral technique. 
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 Design and implement algorithm with automatic fuzzy rules which based on Mamdani approach. 

 Apply the fuzzy rules on a real data. 

 

 

3.1.2 Spectral Feature  

The monitoring input to the fuzzy system is given by the spectral feature developed by sub band 

decomposition. A successive integration of filter banks results in a decomposition of signal into finer 

frequency band. For the realization of such filtration a wavelet-based filtration is used. In the process of 

spectral decomposition approach, successive filter bank architecture is used as shown, 

 

Figure1: Filter bank Architecture 

 

For each of the decompose band mean spectral density (MSD) is computed given by,  

𝑴𝑺𝑫 =   
 |𝑩𝟐|𝒏
𝒊=𝟏

𝒏 
 

B is the decomposed band for a signal P(t) which reflect the measured parameter for a period „t‟. given by, 

B = conv (P,F) 

Conv. is the convolution operation between the observed parameter with a filter coefficient (F). the High 

pass (HP) and low pass (LP) filter are developed as FIR filter giving the spectral variation of the 

observing parameter.  

 

3.2 Fuzzy System 

In Fuzzification process, the measured value from sensors is transformed into linguistic variables (LV). 

Each LV is graded by membership functions (MF) with the values between NORMAL, HIGH and LOW 

and whose values are based on process knowledge as shown, 

 

Table2.Linguistic variable (LV) for fuzzy system 

 

Parameter input NORMAL LOW HIGH 

Pressure 45 43 47 

Flow 270 230 300 

Demand 300 250 350 

 

The triangular membership functions always varies between 0 and 1.  
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𝐿 =  

 
 
 

 
 

0, 𝑖𝑓𝑥 ≤ 𝑎
𝑥 − 𝑎

𝑚 − 𝑎
 , 𝑖𝑓𝑎 ≤ 𝑥 ≤ 𝑚

𝑏 − 𝑥

𝑏 −𝑚
, 𝑖𝑓𝑚 ≤ 𝑥 ≤ 𝑏

1, 𝑖𝑓𝑥 ≥ 𝑏

  

 

Figure2: Triangular membership function 

 

Where x is the input value, m – Normal, a – Low, and b – high  

The fuzzifier based on membership function which consist of fuzzy rules. The Mamdani type fuzzy 

inference system, which adapts if then rules are used.  

Defuzzification is the last step in fuzzification which use the mean of Maximum (MoM) technique. 

The rule developed for the fuzzy interface and the decision is given in table below.  

 

Table3.Fuzzy rules 

 

 

 

 

 

 

 

 

 

Parameter 

if  

then 

(leakage) 
MSD_Pressure MSD_Flow MSD_Demand 

Normal Normal Normal No 

Low Medium  Normal Yes 

Low Low Normal Yes  

Normal Normal Low No 

Normal Low Normal No  

Low Low Low  No  

Medium Low Low Yes 

Low Medium Normal Yes 

Medium Medium  medium No 

Low Low Low No 
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3.3 Flow Chart 

 

Processing Flow Chart 1 

 

Processing Flow Chart 2 
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3.3.1. Leakage Detection algorithm  

 

Algorithm:1 Leakage Detection using fuzzy logic approach 

Input: Layout,measured parameters. 

Output: Leakage Decision 

Input:  Read each parameter for a period of „t‟ 

             P(t) = P [1, 2, … t] 

Pressure, Flow, Demand, Leakage Value, Time, Label 

Start 

Step1:   Initialize parameter P1, P2, P3, P4, P5, P6 

Step2:   Read data 

Step3:   Xlsread function reads the data from excel sheet 

Step4:   Select parameters P1, P2, P3, P4, P5, P6 & input given (5000:6000) 

Step5: Apply HPc, LPc Decomposition filter coefficient  

Step6:   Perform convolution method 

               if Decomposition Scale perform 

                       Yes 

              Then compute mean spectral density 

MSD =   
 |B2|n

i=1

n 
 

                Else if 

                read Bi(t)   

Step7:   Select top two MSD values 

               Sel Bi = max (MSD Bi) 

Step8:   Set threshold for low, high and normal limits for each parameter 

Step9:   Select triangular function for the inputs fuzzification 

Step10: Apply fuzzifier based on Mamdani Approach  

Step11: Apply Defuzzification  
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                if MSD_P, MSD_F, and MSD_D match to ruledefined by the fuzzy rule 

      yes  

Then make decision using Mean of maximum 

Else if  

Rule = Rule i +1 

Step 12: Stop 

 

IV.Result 

For the monitoring and detection of leakage in a water pipeline network, a threshold based correlative 

approach was used. This approach, reads the sensors data in discrete (where each sensed value is 

compared) and a correlation with the threshold decide the leakage status. In this approach, if the sensed 

value is above the threshold an indication is given. 

However, we observe that, discrete value can be biased (changed) due to sensor fault, or external effects. 

Hence, the decision of leakage status will be erroneous.  

Hence, we propose to use a continuous monitoring of the measured data for a time period and rather to 

comparing its value to a threshold, we go for finding its variation with time. When we observe the 

variations, if a change in sensed value is observed due to external effects it can be clearly observed in the 

variations which can then be used for decision making. 

Secondly, we see that each of the nodes has a pressure, flow and demand input. Wherein existing 

approach takes the decision in monitoring of each parameter separately, each parameter could result in 

different decision. This again tends to a confusion state in monitoring.  

To avoid this confusion issue, a fuzzy based system is stated which use multiple inputs together in making 

a decision. 

 

4.1 Observation  

In a network, the monitoring unit is placed at selected nodes. 

We select node 9 and 11 in this simulation and observe the parameters variation by which a decision is 

made. 

 

 

 
Figure3: Comparison between with leakage and without leakage 
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Figure4: Comparison with PSD values 

 

 

 
Figure5: Discrete plot for parameter with and without leakag 
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Table4:Real data 

 

 
 

 

 Fuzzy rules to use if else rules that is called membership function. In my work we use triangular 

membership function. There is condition of true and false. We are given a range not give a discrete 

value. If we want to crisp decision we will go for else if condition. If our parameters in between 

low and high then go for else if condition and define a membership function. 

 

 F1=mean (p1_limit low) / (limit low-limit high). Average the P1 with respect range of 

limit minimum and high maximum. This is your 1 status. 

 If mean (p1-limit high) / (limit low- limit high). Relation of high two values is not 

exiting then we say no distortion. Above both conditions to say there are chance of 

minor leakage. 

 We go for deeply analysis: F1(i)=1 means pure leakage, F2(i)=0, means there are no 

leakage at all. 

 These three cases define in fuzzy rules with triangular rules. F1 to F6 we use for status 

flag. 

 All the parameters have different status that basis we generate a combination which 

combination on the basis of Mamdani rules in fuzzy system. This is a standard rule. 

 If F1(i)>= maxF1, F2(i)>=max F2, F3(i)>=max F3 … if all function to say greater we 

trigger zero else if trigger 1or else if trigger 0.5(partial leakage). There are 6 multiple 

observations discrete system we taken independent observation. 

 But there is fusion, we can see 1,0.5 and 0. if tr(j)=1,alarm1,then status is high leakage. 

Tr(j)=0.5 then partial leakage or Tr(j)=0 then no leakage. Decision system to tell us 

about all conditions of leakage. 
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 Now, we enhance the discrete monitoring system towards the continuous monitoring 

system. 

 We have implemented the continuous monitoring system using fuzzy logic system and 

the transformation approach. 

 Automatically all the function calls in Main.m function. After run the Main.m program, 

density of every observation come in command window and also show the decision.   

 

 

 

 

 
 

Figure6: Comparison between parameters 

 

 Spectral variation in figure 1: Pressure variation from node 1 to node 2 in frequency domain. In 

blue color we have highlight a particular point that detect a high variation means suddenly come a 

peak point. We can see at one place we observe rapid variation which circle with blue color and 

then go for towards normalization. 

 

 
Figure7: Spectral density at peak point 

 

 Spectral variation in figure 1: Pressure variation from node 1 to node 2 in frequency domain. In 

blue color we have highlight a particular point that detect a high variation means suddenly come a 

peak point. We can see at one place we observe rapid variation which circle with blue color and 

then go for towards normalization 

 In previous work only include the discrete monitoring system which not take the accurate decision 

because they do discrete comparison means take a one coefficient and compare with threshold so 
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on. But with time we don‟t know this happen or not. If sudden distortion come or sensor disable, 

heavy pressure come etc. that time discrete monitoring system can‟t take accurate decision. 

  Today‟s time continuous monitoring has been not used. So, we have continuous monitoring fort o 

take a correct decision. To take the decision to observed all parameters. In compare of this if we 

have only monitored the pressure then pressure to show leakage and flow to show no leakage 

because pressure and flow to have different threshold. 

 

 

V.CONCLUSIONS 

This paper described the simulation scenario that based on the real leakage data. In the given 

scenario we take different nodes with different parameters. To design a fuzzy system which 

analysis the leakage with spectral density. Fizzy system is intelligent system which can help to 

take a correct decision about leakage. This is a good method for to detect a correct decision about 

leakage in water supply system. We can apply this data at the real layout of Narwana (Haryana) 

water supply system.   
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