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Multiple analyses should be performed any time relevant modifications in
customers demand or system’s structure occur. With respect to the heuristic
approach proposed by Izquierdo et al [2010], based on multi-agents, our strategy
is independent on the number of supply sources.
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Figure 1. Number of pipelines with a valve linking different districts, depending on
the relevance of homogeneity for a 4 and 10 districts sectorization, separately.

5.2 Computational results on leak localization

For experimental validation we have adopted a setting based on a 6 districts
partition, with pressure monitored at the entry point of each district. Flow variations
are measured only at the pumping system, unique in the case study: no further
tanks are installed. Thus, scenarios are represented by seven features.

The total number of scenarios that have been generated is given by number-of-
pipelines * number-of-discharge-coefficient-values: 931 * 30 = 27930 in our case.

In Figure 2 and 3 the number of highly, average, poorly and no localizing clusters
is reported, with respect to the four clustering methods and different level of
aggregation: 50, 100, and 150 clusters, respectively.
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Figure 2. Results for 50 and 100 desired clusters
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Figure 3. Results for 150 desired clusters

It is possible to note that the In-deep Bisecting provides the highest number of
localizing clusters when 150 groups are achieved. This desired behaviour
becomes more relevant while aggregation process goes ahead: more highly
localizing clusters are identified at the expense of those less localizing, with
respect to the other approaches.

Authors are aware of a drawback of the proposed approach: at Step 3 (splitting),
the two clusters S; and S, are determined according to the two most far instances
in S, and the assignment centroid-to-cluster is performed depending on the order
of instances into the dataset, affecting, consequently, the order in which clusters
are added into Q. However, no significant variations in the number of highly,
average, poorly and no localizing clusters were obtained by performing random
shuffles of the dataset.

5.3 Regression approaches for estimating discharge coefficient

Least Median Squared Linear Regression proved to be effective enough to predict
discharge coefficient of the leak depending on pressure and flow variations. Model
is the following; the algorithm automatically removes a monitoring node:

dc = -0.0123*AP;,+0.0025*AP,-0.0026*AP3+0.0023*AP,+0.008*APs-0.081*AF

where AP; is the pressure variation at the i-th monitoring node and AF is the flow
variation at the pumping system, with respect to the faultless network.

A 10-fold cross validation provided a high correlation coefficient (0.9997) and low
error: Mean Absolute Error = 10 Root Mean Squared Error = 2.10™ Relative-
Mean Absolute Error = 0.8764%; Root Relative Mean Squared Errro=2.5368%.

6 CONCLUSIONS

In this paper some computational methods have been presented to implement the
main decision support functionalities of an innovative technological platform for
supporting a rational and integrated management of water distribution systems. In
particular, an agglomerative clustering procedure for automatic districts
identification, a combined simulation-clustering approach for leak localization and a
regression model to further improve localization effectiveness have been
proposed.

As shown by the results , preliminary validation both on simulated and real data
proved that the proposed methods are more than promising. The districts
identification service assists managers to define a suitable sectorization of the
network making easier its monitoring and control; the computational localization of
leaks permit to identify a set of probably leaky pipelines, reducing the time and
costs of intervention and rehabilitation.
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Nevertheless some further issue should be addressed. In particular, efficient
procedure for providing scenarios with multiple simultaneous leaks should be
investigated: current model (clusters set) is based on simulation of single-leak
scenarios that could not be sufficient enough to correctly localize multiple leaks.
However, the number of generated scenarios relevantly affects the efficiency of
our computational localization of leaks; in order to maintain acceptable the time for
clustering scenarios, techniques of instances reduction should be also explored.
However, it is important to note that the proposed approach is general and
independent on the scenarios generation procedure.

REFERENCES

AHL (Authority of the House of Lords), Water Management, In: 8th Report of
Session 2005-06. London: Science and Technology Committee, 2006.

Archetti, F., Campanelli, P., Fersini, E., Messina, E., A Hierarchical Document
Clustering Environment Based on the Induced Bisecting k-Means, In: H. Legind
Larsen et al. (Eds.) FQAS 2006, LNAI 4027, Springer-Verlag Berlin Heidelberg,
257-269, 2001.

Behzadian, K., Kapelan, Z., Savic, D.A., and Ardeshir, A., Stochastic sampling
design using multiobjective genetic algorithm and adaptive neural networks.
Environmental Modelling and Software, 24(4), 530-541, 2009.

Buchberger, S.G. and Nadimpalli, G., Leak estimation in water distribution
systems by statistical analysis of flow readings. Journal of Water Resources
Planning and Management, 130(4), 321-329, 2004.

Covas, D., Ramos, H., Lopes, N., and Almeida, A.B., Water pipe system diagnosis
by transient pressure signals. In: Proceedings of the 8th Annual Water
Distribution Systems Analysis Symposium. Cincinnati, USA, 2006.

Dasgupta, S., Long, P.M., Performance Guarantees for Hierarchical Clustering. In:
15th Annual Conference on Computational Learning Theory, 351-363, 2002.

Dobriceanu, M., Bitoleanu, A., Popescu, M., Enache, S., Subtirelu, E., SCADA
System for Monitoring Water Supply Networks. WSEAS TRANSACTIONS on
SYSTEMS, 10(7), 1070-1079, 2008.

Farley, M. and Trow, S. Losses in water distribution networks. London: IWA
Publishing, 2003.

Farley, M., Finding ‘difficult’ leaks. International Water Association Specialist
Group - Efficient Operation and Management, 2008. (Online:
http://www.iwaom.org)

Fersini, E., Messina, E., Archetti, F., Multimedia Summarization in Law Courts: A
Clustering-Based Environment for Browsing and Consulting Judical Folders, In:
P. Perner (Ed.): ICDM 2010, LNAI 6171, Springer-Verlag Berlin Heidelberg, 237-
247, 2010.

Garcia, V.J., Cabrera, E. and Cabrera, E. Jr, The minimum night flow method
revisited. In: Proceedings of the 8th Annual Water Distribution Systems Analysis
Symposium. Cincinnati, USA, 2006.

Greyvnstein, B., Van zZyl, J.E., An experimental investigation into the pressure
leakage relationship of some failed water pipes, In: Proceedings of Leakage
2005, Halifax, California, 2005.

Herrera, M., Canu, S., Karatzoglou, A., Perez-Garcia, R., lzquierdo, J., An
approach to water supply clusters by semi-supervised learning, In: Proc. of
Intern. Environ. Modelling and Software Society (iEMSs) 2010, Intern. Congr. on
Environ. and Software Model. for Environ. Sake, 5th Biennial Meeting, Ottawa,
Canada, 2010.

David A. Swayne, Wanhong Yang, A. A. Voinov, A. Rizzoli, T. Filatova (Eds.)

Hochbaum, D.S., Shmoys, D.B., A best possible heuristic for the k-center problem.
Mathematics of Operations Research, 10(2),180-184, 1985.

ISTAT, Giornata mondiale dell'acqua, le statistiche dell'lSTAT (trad. World Water
Day, the statitics of ISTAT), 2011. (Online: http://wwwa3.istat.it/salastampa/comu

nicati/non_calendario/20110321_00/testointegrale20110321.pdf)



Antonio Candelieri, Enza Messina, Alberto Malacrida / Simulation and Unsupervised Learning Strategis for
Enabling Integrated Water Resource Management: H20OLeak Project

Izquierdo, J., Herrera, M., Montalvo, I., Pérez-Garcia, R., Division of Water Supply
Systems into District Metered Areas Using a Multi-agent Based Approach. In
Software and Data Technologies - Communications in Computer and
Information Science. Eds. Cordeiro, J., Ranchordas, A., Shishkov, B. Springer
Berlin Heidelberg. 50, 167-180, 2011.

Liemberger, R. and Farley, M., Developing a nonrevenue water reduction strategy
Part 1: Investigating and assessing water losses. In: Proceeding of IWA WWC
2004 Conference. Marrakech, Morocco, 2004.

Mashford, J., De Silva, D., Marney, D., Burn, S., An approach to leak detection in
pipe networks using analysis of monitored pressure values by support vector
machine. Network and System Security, 3rd Intern. Conf. on, 534-539, 2009.

Muggleton, J.M., Brennan, M.J., and Linford, P.W,. Axisymmetric wave
propagation in fluid-filled pipes: wavenumber measurements in vacuo and
buried pipes. Journal of Sound and Vibration, 270(1-2), 171-190, 2004.

Muggleton, J.M. and Brennan, M.J., Axisymmetric wave propagation in buried,
fluid-filled pipes: effects of wall discontinuities. Journal of Sound and Vibration,
281(3-5), 849-867, 2005.

Puust, R., Kapelan, Z., Savic, D. A. and Koppel, T., A review of methods for
leakage management in pipe networks, Urban Water Journal, 7(1), 25-45, 2010.

Robles, R. J., Choi, M., Assessment of the Vulnerabilities of SCADA, Control
Systems and Critical Infrastructure Systems. International Journal of Grid and
Distributed Computing, 2(2), 27-34, 2009.

Savaresi, M., Boley, D.L., On the performance of bisecting k-Means and PDDP,
In: First SIAM International Conference on Data Mining, 1-14, 2011.

Schaeffer, S.E., Graph Clustering, Computer Science Review |, 27-64, 2007.

Steinbach, M., Karypis, G., Kumar, V., A comparison of Document Clustering
Techniques, In KDD Workshop on Text Mining, 2000.

Van zyl, J.E., Clayton, C.R.l., The effect of pressure on leakage in water
distribution systems, Water management, 160, 109-114, 2007.

Wang, Z., Wei, Z., Yin, Q., The design of water supply network based on GIS. In
Cybernetics and Intelligent Systems, 2008 IEEE Conference on, 209-213, 2008.

Yan, B., Su, X., Chen, Y., Functional Structure of Urban Water Supply Network
based on GIS. In Computing, Communication, Control, and Management, 2008,
CCCM'08, ISECS International Colloquium on, 348-352, 2008.



