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Probabilistic Neural Network for Prediction of Leakage
in Water Distribution Network
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Abstract

As an altemative measure to replace reactive stance with proactive one, a risk based management
scheme has been commonly applied to enhance public satisfaction on water service by providing a higher
creditable solution to handle a rehabilitation problem of pipe having high potential risk of leaks. This study
intended to examine the feasibility of a simulation model to predict a recurrence probability of pipe leaks.
As a branch of the data mining technique, probabilistic neural network (PNN) algorithm was applied to infer
the extent of leaking recurrence probability of water network. PNN model could classify the leaking level of
each unit segment of the pipe network. Pipe material, diameter, C value, road width, pressure, installation
age as input variable and 5 classes by pipe leaking probability as output variable were built in PNN model.
The study resulis indicated that it is important to pay higher attention to the pipe segment with the leak
record. By increase the hydraulic pipe pressure to meet the required water demand from each node,
simulation results indicated that about 6.9% of total number of pipe would additionally be classified into
higher class of recurrence risk than present as the reference year. Consequently, it was convinced that the
application of PNN model incorporated with a data base management system of pipe network to manage
municipal water distribution network could make a promise to enhance the management efficiency by
providing the essential knowledge for decision making rehabilitation of network,
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Table 1. Number of pipe leak occurrence corresponding to the diameter, pressure and installation age
T 8 AS BS cs D& ES TAUH%)
o e o-10d 23 39 11 7 7 54.72
11204 7 7 2 5 3 15,00
214 04 3 4 4 0 0 692
ZEH0/E 2 25 3 6 1 2327
2 (mm) 75 4 2 0 0 0 377
80 0 4 1 12 2 11.95
100 13 3 7 2 7 214
150 7 21 5 0 0 2075
200 8 5 6 0 1 1258
250 1 2 0 0 0 1.89
300 2 3 1 4 1 692
221 (kg/ er) 025 4 0 0 2 2 513
2550 17 17 6 8 4 333
5075 32 13 4 4 39.10
7510 26 1 2 0 2244
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Fig. 2. Pipe age distribution of the study water network.
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Table 2. Communalities by altering numbers of principal component

Communalities

Major factor Initial 6 Component 5 Component 4 Component 3 Component 2 Component 1 Component
o £ 1.000 998 998 846 743 673 3.368F-02
= 1.000 973 973 748 724 708 708

cgh 1.000 931 931 929 928 927 816
TEE 1.000 1.000 1.000 966 691 633 5.870F-02
Eaely 1.000 1.000 1.000 969 313 9.865E-04 2557604
A A 1.000 982 982 782 B840 640 632

Table 3. Total variance explained

Initial Eigenvalues Exraction Sums of Squared Loadings  Rotation Sums of Squared Loadings

Component  Total % of Variance Cumulative %  Total % of Variance Cumulative % Total % of Variance Cumulative %

1 2.349 39.143 39.143 2.349 39.143 39.143 2.344 39.072 39.072
2 1.234 20.564 59.707 1.234 20.564 59.707 1.234 20.565 59.637
3 1.057 17.624 77.332 1.057 17.624 77.332 1.062 17.694 77.332
4 .701 11.684 89.015
5 543 9.053 98.069
6 116 1.931 100.000

Test of SphericityBTS)= 291%4 B8] A¥d o o AzRE, LHX7} 10144 3714 ZE(29)
FEUEE S22, 2 ABAME S 67 e &

o W& EMARe] HAQ TAFtelAl g Ftel  wWatm Yk BE, g9l 1Y =& H9E 3
3461 915013 AF=7F 15, SoBFo] 00002z ¢
LM ALgo] H¥sY FFQe] A 77,

A2S UE F 9l ol sint. webA 29le Jbed @ Homa A
@9, 7 Wee FE5A (Communality) & F28  HEE =o]= Ao] 238 A7} Fu}

2914 o3 dH=EE v&E Uehith & 59

Table 2014 37k4] QQIvto g 7+ 9 Wgro] A 5.4, FHEA2 £E&

g, & IEEAXNE ARy, Cga 2L BSde 2HFE AolAEE of FHo] AN A

FEA0] 0.9282 o]E 37k alo® 92%7t 4 o8 ARED & R 28 67 APAR, C7L,

H33itE e € & Y $80l Y Wfe #F uddS, B, B2 2 2948 o435l A=

SAFHAA AAste Aol Frh. AR 040] o] BEH 39 FHRY Z,, 7, Z,E JPasr

stoldl Sty At FEALE $52E 4 299 R g3 go] HoEd,

AFel Foz ZAET dE B0, 349 89lew

FEHUE AT e A Q)¢ o] At Zy=(074 JH( 364 (4095 (0B 1 J4(-.044 J4(336,, )

Zy( 65 140025 )+( 080, 1+ (608 JH(006. 1077 (3)
Communality = (Factor 1 + (Factor 2" + (Factor 3 (2)  Zg=( 2365140993 (00 Ly, (2524, }1( 903, 140265,

2ol Fstg M= AAl Zh Aolxd U 2AddsE 9 A 7
Adste B4t 4E Jel 95 e didste] Alltei
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=2 D FACT FAC2 FAC3
67 0.11991 -1.78230 027340
260 0.11981 -1.79230 027340
270 -057925 -067763 0.30620
272 -0.37268 -1.16607 0.17084
278 0.119%1 -1.79230 027340
295 -061303 -1.09708 -2.80275
337 -061303 -1.09708 -2.80275
407 -045742 -2.46942 0.56675
416 -0.58422 -0.11400 1.07561
419 1.04178 0.71129 059741
420 2.12908 065256 064646
Table 6. Example of pipe leaking rate at each group
Group A% TR FRUMT U7 F5 SoLMsE
Z(a) (o YMAL P=(o/a)*100
Gis 15 1 1 667
Gi6 4 2 2 5000
G17 1 0 0 0.00
G18 A 6 6 54.55
G19 14 4 5 2857
G20 4 0 0 000
G21 2 0 0 0.00
G22 7 1 2 1429
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Fig. 6. Composition of class by pipe leaking rate.
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Table 7. Classification accuracy of the PNN model
e C,Ca'::Siﬁcaﬁon dass 2 3 4 5 Total Accuracy(%)
i 471 3 9 3 10 496 94.96
2 0 103 0 0 0 103 100
3 0 0 61 0 0 61 100
4 6 0 0 14 0 20 70.00
5 5 0 0 0 9 14 64.29
& pely 5L /e ARE CLASSSE 85 8% (dassification class) #oiEo] Y& & o5g
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AHeEl AEARE 0%F At RS A Agd Bk A wA Adees @ AddA 5
Bokr} geg oA The2 B ddd okl v FE VIR o R ajddag Cgho] W wE w5
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Table 8. Comparison of pipe leaking risk between present class and prediction class by the scenario

225 IEH(FEHI%)
CLASS Risk L EEES TAHH%)
ALigie | N[ =
1 [ very low 1,241 7156 1,431(82.53) 1,333(76.87)
2 I low 257 14.82 124(7.15) 180(10.38)
3 I moderate 151 871 65(3.75) 139(8.02)
4 W high 49 283 42(2.42) 22(2.42)
5 y very high 3 208 72(4.15) 40(2.31)
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Fig. 10. Distribution of pressure at CLASS-5.
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