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Summary

According to the World Health Organisation (WHO), air pollution is responsible
for 7 million deaths every year, and 91% of the world population lives in places where
air quality exceeds the limits mandated by WHO itself. In recent years, the research
about energy waste and pollution reduction has gained a strong momentum, also
pushed by European and national funding initiatives. The primary purpose of
this large effort is to reduce the effects of greenhouse emission, climate change to
head for a sustainable society. In this scenario, Information and Communication
Technologies (ICT) play a key role in reducing energy consumption and moving
forward to a more sustainable and smart society.

IoT devices are used in many contexts, to add smartness to cities, energy, and
industrial processes. Their pervasiveness, combined with the recent development
of machine learning techniques, allows collecting a large amount of data, enabling
original opportunities to create innovative modelling and optimization approaches.
Consequently, moving towards smart and sustainable energy use, my research activ-
ities have mainly focused on the design and the optimization of innovative machine
learning methodologies, by exploiting primarily neural networks, for the forecast-
ing of time-series in Smart City context. In this manuscript, I propose innovative
and optimized stream data processing and machine learning methodologies, rang-
ing from energy and environmental data and moving to data from CPS systems. I
have designed and validated innovative modelling and control strategies in specific
application case studies: i) Renewables, ii) Smart Building and iii) Smart Health.

In detail, I addressed the issues of prediction of GHI which is the energy compo-
nent necessary for the development of photovoltaic energy, the thermal modelling
of Smart Buildings and finally, I moved toward the person health by addressing the
topic of blood glucose level prediction for Type I diabetic patients. In all the three
cases, the studies were conducted following a bottom-up approach starting from
the analysis and appropriate pre-processing of IoT data, designing neural models
suitable for the type of dataset and its characteristics and finally comparing these
new models with the methodologies of the literature.

In the context of renewables, I developed a methodology for photovoltaic pre-
dictions starting from the physical phenomenon of GHI. Then, I focused on the
optimization of the methods for GHI forecasting in short- and mid-term. Lastly,
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I also investigated how to properly exploit exogenous inputs (i.e. physical factors
related to the phenomenon of solar radiation) to further improve GHI predictions.
In the context of Smart Buildings, I developed a comprehensive methodology that
enables thermal modelling in both new generation and historic buildings, by ex-
ploiting the possibility of creating a very reliable synthetic dataset based on BIM
technology and real weather data (TMY). This configuration allowed me to de-
velop hybrid neural models trained with synthetic data and able to exploit real
data (i.e. provided by IoT devices installed in a real-world demonstrator) for in-
door air-temperature predictions. Finally, by using Transfer Learning techniques,
I was able to specialize the hybrid models on real data. Lastly, in the context
of smart health, I addressed the problem of automated glucose level prediction
leveraging multi-patient CGMS data. The aim was to learn a generalizable glucose
level prediction model from a multi-patient training set, using this model to predict
the future glucose values of a new patient. In practice, the objective is to create
a device that can be purchased and is ready to use, without the need for initial
tuning. Besides, I started to evaluate techniques to specialize this methodology by
integrating real-time information to specialize the predictor system specifically on
the single end-user.
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