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DESCRIZIONE DELLE ATTIVITÀ DI RICERCA

Water distribution networks play a crucial role in ensuring access to clean and safe drinking water. However, they can also have significant environmental impacts, especially in the context of a changing climate. In light of observed climate change dynamics, including intensified precipitation events, prolonged arid spells, water supply infrastructures face escalating challenges.
The research activities concern the application of advanced techniques to the analysis of data deriving by the monitoring of water distribution networks (WDNs) in consideration of recent investments in sensing technologies. The valorization of the informative content of these data with appropriate analysis techniques can improve the management of WDNs to increase the reliability and resilience of these critical infrastructures. In sectorized WDNs, time series are acquired by the SCADA (Supervisory Control and Data Acquisition) system and the monitoring system of the sectors. Furthermore, the introduction of smart meters allows obtaining time series of water consumption of the different typologies of users, with possible advances in the accuracy of the water balance assessment and of the results of the WDNs numerical modelling.
Leakage detection is a key component of leakage management strategies in water distribution systems (WDSs), enabling utilities to promptly identify and repair leaks—both visible and invisible—to reduce water losses and associated damages. With recent advances in monitoring, communication, and artificial intelligence, data-driven approaches have emerged as particularly promising tools for leakage detection and are increasingly adopted in real-world applications. These methods can be categorized either by their analytical techniques—prediction/classification, statistical, or clustering methods [1]—or by their use of data, encompassing unsupervised, semi-supervised, and supervised paradigms [2]. Despite significant progress, several research gaps persist. In particular, semi-supervised approaches that can effectively leverage both labelled and unlabelled data remain scarce. Moreover, existing models often struggle to detect gradually developing or previously unseen anomaly patterns, such as small leaks evolving over time [3]. These challenges are exacerbated by the limited availability of labelled leakage data, the high data requirements of many algorithms, and the costly manual labelling process [2].

The main research objective is to develop an unsupervised, data-driven methodology for leak detection in water distribution systems (WDSs) based on long-term monitoring data and statistical machine learning techniques. Unsupervised approaches are especially advantageous in this context, as they require minimal data preprocessing and do not depend on labelled datasets or balanced classes. The underlying assumption is that normal operating conditions exhibit consistent statistical behaviour or form compact clusters in feature space, while leakage events manifest as significant deviations from these patterns. The methodology will be mainly developed in the open source environment Python and will be tested on real District Metered Areas.
PIANO DELLE ATTIVITÀ DI RICERCA
The fellow will be supported in research activities by members of the research group.
As regards the research of application experiences and the collection of related material, the activity can be carried out relatively autonomously, according to one's specific skills, but always on the basis of the general lines of research established by the group. The collaboration activity will last seven consecutive months.
The second phase of the research will be dedicated to exploratory data analysis (EDA), including the examination of the available data to characterize its structure, identify underlying trends, and detect potential inconsistencies or anomalies.
The third phase will be dedicated to the development and validation of the proposed methodology, including the implementation of statistical machine learning techniques and their application to long-term monitoring data for leak detection in water distribution systems.
The final phase will be dedicated to validating the proposed methodology through its application to real-world water distribution systems, evaluating its effectiveness under operational conditions.
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