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Fig. 1. Layout of the test netwok (Poulakis et al. 2003) 
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Fig. 2. a) Pressure in different nodes against the amount 
of leakage in node 2. b) Pressure changes in node 1 

against total leakage of network 
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Fig. 3. Input and output system data for training 
T\�Q�D��� @(��5 #�
& �J�; �"�
- � #���� #�% 

Fig. 4. An example of input matrix to system for training 
artificial neural network 
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Fig. 5. Input & output data after network training 
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Fig. 6. Pressure fluctuations in a node per different 
leakage combinations, a) Pressure in node1, b) Pressure 

in node 2 & c) Pressure in node 6 
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Fig. 7. Relation between average distance of pressure 
measurement points to leaky nodes and average 

percentage of error to leak discharge  
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Table 1. Results of pressure measurement in node 6 

Number 
of node /0(1/3) Number 

of node /0(1/3)
1 21.93 16 0.00
2 3.47 17 0.01
3 0.51 18 -0.01
4 -0.04 19 1.17
5 -0.01 20 1.14
6 0.00 21 -0.21
7 11.78 22 0.00
8 2.61 23 0.01
9 0.22 24 -0.01
10 -0.04 25 1.47
11 0.01 26 0.30
12 -0.01 27 -0.11
13 4.68 28 0.01
14 1.00 29 0.00
15 0.18 30 0.00

Fig. 8. Leakage possible nodes per pressure 
measurement in node 6 
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Table 2. Results of pressure measurement in nodes 6 & 7 

Number 
of node /0(1/3)

1 26.2
2 8.6
7 -0.4
8 5.2

13 3.8
25 2

Detected leakage 
node 
Pressure 
measurement node 

Actual leakage 
node
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Table 3. Results of pressure measurement in nodes 6, 7 & 8 

Number 
of node /0(1/3)

1 26.6
2 3.8
8 14.9

13 -2.5
25 -2.2
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Table 4. Results of pressure measurement in nodes 2, 6, 7 & 8 

Number 
of node )1/3(/0 )1/3(/4 56676(%)

1 24.9 25 0.4
2 20 25 20
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Fig. 9. Assign network leak nodes by using neural 
networks for leakage in nodes 1 & 2 
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X6�7f�D
� �� �E�;���� (�  b�R Y)����
Table 5. Results of pressure measurement in node 6 
Number 
of node /0(1/3) Number 

of node /0(1/3)
1 0.9 16 0.24
2 1.36 17 0.14
3 2.1 18 0.16
4 1.89 19 2.74
5 0.19 20 4.59
6 0.24 21 3
7 1.2 22 0.03
8 1.52 23 0.06
9 4.28 24 0.06

10 1.27 25 3.56
11 0.19 26 8.77
12 0.2 27 1.76
13 1.71 28 -0.04
14 2.03 29 -0.01
15 5.57 30 -0.01

X6�7g�D
� �� �E�;���� (�  b�R Y)��� #�%����
Table 6. Results of pressure measurement in nodes 6 & 

26 
Number 
of node /0(1/3)
25 13.6
26 0.68
20 12.34
9 0.29

15 -0.4
21 2.59

D
��� +Y���;���� ������;�����)� (�  ��b�R Y)����� .���3 4���X���
 ?��" �� Y�;�����.1;� D�3 D��� 8)�/� 

X6�7h�D
� �� �E�;���� (�  b�R Y)��� #�%�+�����
Table 7. Results of pressure measurement in nodes 6, 20 

& 26 
Number 
of node QC(l/s)

25 31.74
20 -0.54
21 6.42

D
� �� �Z�* �E�;���� 0; 	�E�� �& �)�
&��&������� .����� ���&
 D
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�� 1��� ���N� ���
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&��0����u 
�& 
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&��& .�)5��1��� A��� ��)� �� .1�;� D���:� ���

2* 8)�A�� �& ?�d�Y�;���� ��� D
� 0/% 1�� ���N� �% ����N� 0�& ��%
 D
� ��� ��;� 
\b 0& ^)�A���1)���� �� �E�;���� ����� �� 0O

 �������Z= �� � 0��3�� #���2b 
��; ^) '5 1�� ���N� ��& �\%
 1�� ����N� ��E�;�������/���)�
&��& .��� '��� �� 0����u 
& 
���� 

Fig. 10. Assigning network leak nodes by using neural 
networks for leakage in nodes 12 & 25 
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� D�3.1; 
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 D��/3��� D��� ��
� .��3�1��� ����N� �)
*K�& #���� 0O �%
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X6�7i�D
� �� �E�;���� ^) (�  b�R Y)����
Table 8. Results of pressure measurement in node 6 

Number 
of node /0(1/3)

3 3.23
13 3.02
14 5.36
19 7.31
20 8.54
25 10

Detected leakage 
node
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Actual leakage 
node
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D
� �:)
N* 1�2��� �E�;���� ����� (�  b�R Y)��� 1�� #�% ���
 ?���" B&���� .1�;� D��/� pX�� ���D
�����)
*K��& #����

 0�& D
�� �)� � D��& 1�� ���N� 4��X��� �E��;���� ������ '����!
�� ?��" �� 0�b�R Y)��� .��3�.1;� D�3 D��� '��� 

X6�7k�D
� �� �E�;���� (�  b�R Y)��� #�%����
Table 9. Results of pressure measurement in nodes 6 & 

25 
Number 
of node /0(1/3)

3 2.33
13 11.38
14 17.56

?��" B&����D
�� �E�;���� ����� 	�E�� �& #��%��+�����
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1�� �� ��� �� D�%��� 0O �����/% ?�d� �)� �� .��3�& 	�E�� �& ��3
 D
�� B���� 1�2��� ���2* 
& D�V! �E�;���� Y�U 1��� #��% +���

 ��b�� 0�O ����R �� 1�� 1�/O ���N� 1��� D
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��� ���;�
& ������ 0Q:��3 �� '����A/% 1���� �����2* ����� .1
1�� �� #���2* 
% 0Q:3 �� D���-� #�% 1���R ��)� �� .�3�& ����*

0Q:3 A�� D
� �)�;��3 0& ���� �:$! #�% 1�� #�% �
�� .1;� ���
�� D
� ��Z= 0O ��3�+�+�����	���O 
�%�/��0����u 
�& 
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 #�
�& D��3 
�O7 ?��b� `��;� 
�&  �:� 0&���� .���3�& 1�� #����
���� 4�X��� D
�� +�E��;���� D
� ����� �E�;��� .��3 4��X���

 1���R �)��D
�� ?�� 1�)���� ?���" �� 1��� ����/�R� #��%��
.1;� D�3 D��� '��� 

X6�7Nl�D
� �� �E�;���� ^) (�  b�R Y)����
Table 10. Results of pressure measurement in node 6 

Number 
of node /0(1/3)

12 20.7
18 8.96
6 3.95

24 2.13
5 2.03

17 1.68

�� D�%��� 0O �����/% 1��� D
�� 0�; �E��;���� ����� �& ��3 ���
 D
�� 0�Q�)� 0& 0"�* �& .����
� ��
� ?�� 1)���� 83 �� �2������

4��" ��� �E��;���� ������ (�  �b�R #�% ���� D
�� w�U ��3�&
1�� 1�� D
� P���E� �� �) � D��& ��� 1;� ��� �E��;���� �
�)(

 .1�;� D���� LT�R P�:;��� (� D
� �)� ��� D�3 	�E�� D
� �)� ��
 D
� 	�� �E�;������?���" �� 0��b�R Y)���� .��3 4�X�����
.1;� D�3 D��� '��� 

X6�7NN�D
� �� �E�;���� (�  b�R Y)��� #�%����
Table 11. Results of pressure measurement in nodes 6 & 18 

Number 
of node /0(1/3)

12 7.92
18 -1.57
6 22.23

24 3.16
5 4.56

17 3.5

?��" 0& 0"�* �& �)�
&��&��D
���1�� �����; .1�;� D��:� ���
 D
� �E�;���� D
���E��;���� ��)� (�  b�R Y)��� .�3 4�X���

 ?��" ����.1;� D�3 D��� '��� 

X6�7NP�D
� �� �E�;���� (�  b�R Y)��� #�%�+����
Table 12. Results of pressure measurement in nodes 5, 6 & 18  

Number 
of node /0(1/3)

12 4.36
6 19.35

24 0.83
5 8.08

17 -4.85
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Fig. 11. Assigning network leak nodes by using neural 
networks for leakage in nodes 5, 6, 11 & 12 
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� �� �E�;���� Y)��� #�%�+�+��+�����
Table 13. Results of pressure measurement in nodes 5, 

6, 11, 12 & 18 
Number 
of node )1/3(/0 )1/3(/4 56676(%)

5 9.39 12.5 24.88
6 12.75 12.5 2
11 9.17 12.5 26.64
12 8.75 12.5 30
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