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ABSTRACT: Clean water is an essential and fundamental human need. Therefore, its supply must be
assured by maintaining the quality, quantity and water pressure. However the fact is, on its distribution system,
leakage happens and becomes a common world issue. One of the technical causes of the leakage is a leaking pipe.
The purpose of the research is how to use the Radial Basis Fum-rp Neural (RBFNN) model to detect the location
and the magnitude of the pipeline leakage rapidly and efficiently. In this study the RBFNN are trained and tested on
data from EPANET hydraulic modelling system.

Method of Radial Basis Function Neural Network is proved capable to detect location and magnitude of pipeline
leakage with of the accuracy of the prediction results based on the value of RMSE (Root Meant Square Error),
comparison prediction and actual measurement approaches 0.000049 for the whole pipeline system.
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1. Introduction

Water is an essensial need in human life, thus the good management and distribution of water resource,
are required. The distribution system carries the treated water from treatment plant to the residential,
office and water-consumed-industrial. To distribute the water to the costumers with sufficient quality,
quantity and water pressure, it needs a decent piping system. But in distribution process, loss of water due
to leakage pipe occured.

One of the losses suffered by the treatment system and water distribution is leakage problem. In
general, leakage pipeline is classified into 2 categories, physical leakage and commercial leakage.
Physical leakage is visible and invisible leakage at ground level whereas commercial leakage is came
from water stealing (illegal consumption/connection) [2

There are many methods used to detect the leakage. In outline, the leakage pipe methods are dividen
into 2 methods, acoustic method and non-acoustic method Acoustic method is a technique using a
portable device to sense and waves that arise along the pipeline, the sound waves indicate a leakage
point on the pipeline. The method is able to detect the fitting location at below the ground level. However,
it has 5() weakness because it is distorted easily by its surrounding noises such as traffic sound. Also
because, sound waves is highly dependent on pipe material used and signal strenght depends on the land
size and soil condition. Therefore, it is difficult to detect a signal from plastic pipe and skilled-
exgrienced-lelb()rs are urgently needed on this method [3].

on-acoustic method is performed by injectingfflacing substances, Helium gas (He), into the pipeline.
If there is a broken or leaked pipe, the water and helium gas will come out of the pipe. The technique is
costly and high risk, because the water will be contaminated. Thus it is uncommonly used for leakage
detection.

Pipe line leakage causes a pressure changed at each junction/intersection point of pipeline [7]. Hence, it
i1s possible to perform a computerized analysis of the changed pattern of pressure to detect those
leakages.

The research will be accomplished with leakage detection modelling using Artifical Neural Network
method Radial Basis Fuction Algorithm in analyzing the water pressure in order to detect the pipe line
leakage.
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2. Methodology

The research aims to predict the location and magnitude of pipeline leakage at junction/intersection
pipe, based on pressure-changed data when the leakage occured with 4 meter distance from pipeline,
using Artificial Neural Network (ANN) Radial Basis Function Algorithm.

The general scheme of the research is shown in Figure 1.
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Fig 1. General Research Stage

In the process of data processing with the Radial Basis Function Neural Network to obtain a good
prediction results with a high degree of accuracy, it requires a lot of training data leakage that can be
obtained from the simulation using EPANET 2.0 as the software system for monitoring hydraulic
pipelines [6].
2.1.Input Data Processing

Pressure input data is obtained from EPANET 2.0 software by adjusting the input data, in form of water
discharge in reservoir, which is main source of water flow in pipeline, pipe length and diameter, elevation
and demand (average water demand of each junction) and roughness level of each pipe. The result is
pressure input data of 38 pipes and 44 junctions/intersections with different pattern data of pressure
changed. 1

After designing the pipeline system with EPANET 2.0 software, the next stage is creating leakage
simulation by changing junction emitter coefficient at the leakage point preferred. Emitters are an
equipment related to junction and become model of the flow through the nozzle or orifice to the
athmosphere. Emitter functions in EPANET are :

EC=Q/pPew (1
EC is the emitter coefficient, Q is the water discharge, P is the fluid pressure, Pa;p is the pressure
exponential. Therefore, emitter coefficien is water discharge per unit pressure with liter per second per
meter of pressure (L s/ m™). For head nozzle and sprinkle, P exp is equal to 0.5 [5].

Emitter coefficient is used for leakage simulation has range 0 — 0.3 with 0,005 interval. Average
pressure in pipeline is 3,739158 m. hence, 0,005 emitter coefficient will produce 001 L/s leakage. The
simulated leakage is around 0 - 0.6 L/s.

There are 44 sets of leakage cases at junction and 623 sets of leakage cases on pipe with 4 meter
distance for each leakage point and emitter coefficient ranging from 0 to 0.3 at this simulation. Overall,
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there are 40020 various leakage magnitude and location data. The data is used for training data on
developing RBF Model. By studying the pattern of changes in the pressure data thus implementation
methods of Radial Basis Function Neural Network (RBFNN) can be performed. The data obtained were
then classified into 70 % learning data consisting of input data and target data and the rest are used as
testing data. Pressure data of each pipe junction is used as input data, whereas leakage magnitude and
location along the pipeline are the target data.

22. Training of Radial Basis Function Neural Netwgrk System

Training process is must be completed before Radial Basis Function Neural Network predicts the
leakage magnitude and location on junction and pipeline. Training process on this methods has 3 steps,
input the variable data at training process, adjusting spread value and neuron/epoch, and error value
calculation. Adjusting spread and epoch value aims to minimize the error.

Fig 2. Pipeline system at Taman Khayangan Resident, Makassar, using EPANET 2.0 Software

Steps of training process on Radial Basis Function Neural Network are :

1. Loading input data as pressure-changed data on junction/intersection or pipeline

2. Data normalization process to attain data interval, 0 - 1

3. Network initialization to be trained and will predict the upcoming data using Matlab function,
NEWRB

4. Network training process using train function on Matlab application. Training process is
accomplished to learn the pattern of input data, thus the system will obtain the best performance and
achievement percentage for the pipe leakage magnitude and location.

The research using 3 layer on Radial Basis Function NeurajNetwork structure, there are input
layer, hidden layer and output layer with 2 neurons. Amount of the neuron determination on the
hidden layer is obtained by trial and error experiments until it reaches small error and faster
training time. The amount of neuron on hidden layer is equal to training epoch value. Maximum
amount of neuron is up to amount of junction on pipeline.

RBENN system will predict the location and magnitude of pipeline leakage in
quantitative form, in other word, it has numerical result. After collecting the data, Radial Basis
Function Neural Network will be designed using MATLAB Application R2008a. Before
predicting process, RBFNN system design is consist of 2 stage, training stage and validation
stage.
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Fig 3. Flowchart Implementation of REFNN System

3. Result and analysis

The experiment data on this research is data of junction pressure when the leakage occured, and
have range between 0 — 0.6 L/s. To detect the leakage location for every leakage magnitude simulated,
model for every pipe is used. It is because of the pressure changed on every junction differs on each pipe.

Fig 4. Position pipes in pipeline system at Taman Khayangan Resident, Makassar
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Training data on predicting leakage location and magnitude is input variable data (pressure data on
every junction/intersection pipe). While target data is pipe leakage location and magnitude data.
Testing stage is accomplished after training stage finished, using random data of input pressure
and the output target is the leakage location and magnitude in pipe 1328 and 1921 as shown in fig 5 dan
fig6.

vi-auDva itesl
ok A s
s Lasn
T
: ool
| .
Location Leakag 'l
cation Leskage ! bt
P
| 24 —
1 | L3
-
)
" —
» -
Magnitude Leakage i i
= L L 4 I L H
T 3 W ] s g W 0 0 "

Fig 5. Graph of Prediction Result and Actual Target Data of Leakage Location and Magnimde on Pipe 1328 (between
Junction 13 and 28)
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Fig 6. Graph of Prediction Result and Actual Target Data of Leakage Location and Magnitude on Pipe 1921 (between
Junction 19 and 21)

To compare the prediction performance accuracy of RBFNN Method, Root Mean Square Error (RMSE)
value is used and assessed. It is given on the following equation :

E:”'H.IZF—::]:-

RMSE = ~—— (2)
n
Where :
n : Amount of Input Data
P : Actual Value

a : Prediction Value
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After RBENN calculating, RMSE value is obtained and it is 0.000049 for the entire existing pipe on
pipeline system.

Using GUI Interface, the system will be user-friendly and easy to operate for leakage detection. Thus
with existing button, presure data input for the experiment can be accomplished easily and the display
result of leakage locatioan and magnitude will be directly seen.
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Fig 7. Display Result on the Interface

4., Conclusion

Detection of Leakage Location and Magnitude using Radial Basis Function Neural Network
(RBFNN) Method obtains 0.000049 of RMSE Value for the entire existing pipe on pipeline system. The
RMSE value indicates, that the developed RBFNN Model can detect the leakage location and magnitude
on pipeline with accurate result.
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