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Bayesian active learning and optimisation for non-Euclidean geometries --

application to building energy audits

This thesis is part of the BALTEEC Chair, funded by the MIAI Cluster. Bayesian active learning
(BAL) is an efficient framework for learning model parameters, in which input stimuli are selected
S0 as to maximise the mutual information between the observations and the unknown parameters.
The use of a BAL strategy generally makes it possible to drastically reduce the amount of data
(measurements and/or simulations) required to produce reliable predictions, thereby reducing the
associated costs (computing time, memory space, etc.).

Although there is now a vast literature on the subject, work has focused on models taking as input
variables of the same nature (vector data, images, graphs, etc.). The aim of this thesis is to
develop approaches that can be applied in more general contexts, where the model takes as input
mixed variables (both discrete and continuous variables), time series that are often highly
correlated, tree-structured data, etc. In a Bayesian active learning context, it is possible to choose
a Gaussian a priori, characterised by its mean and its covariance structure, defined by a kernel.
The choice of kernel must allow a good exploration of the space of input variables. A major effort
will be made to construct kernels adapted to complex variables such as those described above,
and to develop and implement optimisation algorithms on a non-Euclidean space.

These algorithms will use mixed integer optimisation techniques. These results will be applied to
the energy monitoring of buildings to improve their energy performance. This includes energy
performance diagnostics prior to renovation (learning about actual heat dynamics from in situ
measurements), the optimisation of renovation with objectives of consumption and comfort criteria,
and the verification of performance. Building monitoring data includes weather data, envelope and
HVAC properties, and occupancy schedules.
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