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Data-driven real-time bathing water quality monitoring system
development

Summary

This PhD position is part of the UrbanSplash project under the Smart City initiative, aims to revolutionize the
monitoring of bathing water quality (BWQ) by addressing critical limitations in current systems. EXxisting methods
for detecting faecal indicator bacteria (FIB), such as E. coli and enterococci, are slow, often taking 18-72 hours or
more, which delays risk mitigation and fails to protect public health effectively. The research focuses on developing
innovative solutions combining low-cost sensors with advanced machine learning (ML) and physics-informed neural
network (PINN) models to provide real-time, high-resolution BWQ data and spatial predictions. By integrating
multiple data sources, including real-time sensor readings, meteorological forecasts, and hydrometric data, this
work will enable rapid detection and forecasting of pollution events, improve public health safety, and promote
sustainable use of urban water bodies. RQ1) What is the most reliable and accurate calibration relationship
between the laboratory analysis and the hourly sensor measurements? RQ2) Which machine learning models are
suitable for hourly and daily forecasting of microbiological water quality including sensor measurements and site
specific physical environmental and weather data? RQ3) How does the new modelling platform improve and inform
public health protection measures as they relate to European Bathing Water Directive?

Research field: Information and communication technology
Supervisors: Jeffrey Andrew Tuhtan
Dr. Uljana Reinsalu
Availability: This position is available.
Offered by: School of Information Technologies
Department of Computer Systems
Application deadline: Applications are accepted between June 01, 2025 00:00 and June 30, 2025

23:59 (Europe/Zurich)

Description

The research

The research topic is part of the Smart City project UrbanSplash (One-stop shop for the management of outdoor
bathing water quality). The project aims to revolutionize the monitoring of Bathing Water Quality (BWQ) by addressing
several deficiencies in data acquisition and communication found in current monitoring programs. The goal is to
improve and accelerate the monitoring of bathing water quality. The current European Bathing Water Directive (BWD,
Article 12) explicitly demands warning about present and predicted pollution events to prevent bathers from being
exposed to contaminated water. In the EU the BWD proscribes monitoring of bathing waters with a new classification
into: Poor, Sufficient, Good or Excellent. This classification is based on the enumeration faecal indicator bacteria
(FIB), E. coli and enterococci. There is no fit-for-purpose solution that can provide microbiological water quality data
in a time-frame that enables rapid decision-making and risk mitigation. Standard culture-based methods, although
highly standardized are time-consuming and have a time to results ranging from 18 to 72 h, which makes same-day
sampling and action impossible; in certain circumstances it could take up to 7 days for laboratory results, during which
time users at risk. Low sampling frequency does not provide a representative picture of bathing water quality at sites
that are frequently affected by pollution events and thus cannot provide public health protection.

UrbanSplash seeks to develop and implement a comprehensive solution that overcomes these limitations. By com-
bining real-time, high-resolution data with rapid pollution event detection and source identification, the project will
enable timely interventions, protect public health, and support the sustainable use of urban water bodies. Ultimately,
this approach will unlock the full economic, recreational, and social value of these vital urban resources.

The goal of this PhD project is to developed machine learning ML models capable of providing real-time predictions
of faecal indicator bacteria (FIB) at critical fixed points, using input from low-cost sensors (RQ1). In parallel, physics-
informed neural network (PINN) models will be developed to generate spatial predictions and forecasts of FIB lev-
els. The envisioned long-term solution relies on a limited number of strategically placed, low-cost sensors combined
with advanced ML and PINN models. In addition to delivering real-time bathing water quality data, the system will
include forecasting capabilities based on multiple integrated data streams. These will include real-time or near-re-
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al-time sensor data, meteorological observations and forecasts, hydrometric information, and land-use data, among
others (RQ2). This integrated modelling approach aims to enable timely, accurate, and cost-effective monitoring and
forecasting of bathing water quality, improving public health protection and supporting sustainable urban water man-
agement (RQ3).

Responsibilities and (foreseen) tasks

» Conducting a comprehensive literature review: The student will conduct a comprehensive literature review on
existing approaches to provide real-time, high-resolution BWQ data and spatial predictions.

» Researching and developing algorithms for fix-point real-time FIB predictions using data inputs from low-cost
sensor; spatial FIB predictions and forecast.

» Helping to conduct real-world data collection experiments.

» Testing and validating proposed methods in chosen pilot places.

» Collaborating with other researchers and companies to align research goals with practical applications in bathing
water quality analysis.

» Documenting and publishing research findings in peer-reviewed journals and present at conferences.

» Capacity to work both as an independent researcher and as part of an international team

» Capacity and willingness to aid in organizational tasks relevant to the project

Applicants should fulfil the following requirements:

« A master’s degree in computer engineering or computer science, environmental engineering/environmental sci-
ence

« A one page written a letter of interest outlining the candidates motivation for the position

« Excellent command of English

« Excellent programming skills (especially in Python)

* Previous course work in statistics and/or time-series analysis

The following experience is beneficial:

» Previous work experience in the field of artificial intelligence, 10T
* Previous experience in working with physics informed neural network-based models PINNs
* Previous work experience in the field of bacterial analysis

We offer:

» Afully funded 4 year PhD position researcher in different fields on the development of revolutionized monitoring
of Bathing Water Quality (BWQ) by addressing several deficiencies in data acquisition and representation.

» Access to research infrastructure (test basin), sensors, data etc.

» Opportunities for visiting conferences, research stays and networking with globally leading universities and re-
search centers.

Employment:

The position is at the School of Information Technology at Tallinn University of Technology. The expected duration of
doctoral studies is four years. Following the standard practice in the School of Information Technology, the contract
will be made initially for one year, then extended after a successful progress review. The salary is according to the
salary system of Tallinn University of Technology.

The position will be filled as soon as a suitable candidate is found. TalTech reserves the right for justified reasons to
leave the position open or to extend the application period.

How to apply for a doctoral candidate position:

Please read the admission guidelines at https://taltech.ee/en/phd-admission.
Further information:

Job locations Tallinn, Estonia.

For additional information, please contact

Main supervisor: Jeffrey Andrew Tuhtan (email: jeffrey.tuhtan@taltech.ee)
Co-supervisor: Uljana Reinsalu (email: uljana.reinsalu@taltech.ee)
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Co-supervisor: Muhammad Intizar Ali (email: ali.intizar@dcu.ie)

" To get more information or to apply online, visit https://taltech.glowbase.com/positions/971 or
scan the the code on the left with your smartphone.
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