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Présentation du projet doctoral, contexte et objectif

Aircraft collision risk assessment is a critical aspect of air traffic management. Current generative models,
including variational autoencoders (VAEs) [1], have been used to generate realistic aircraft trajectories for
probabilistic collision risk estimation. However, these models face challenges such as balancing physical and
statistical realism, handling temporal dependencies between trajectories, and interpreting the latent space
used for trajectory generation. This thesis aims to address these challenges through transfer learning, using
pre-trained generative models to adapt to different geographical zones.

The assessment of aircraft collision risk relies on generating plausible aircraft trajectories that balance both
statistical validity and physical realism. In previous research, we developed generative models based on
VAEs, which have been successfully applied to generate plausible aircraft trajectories and estimate collision
probabilities, as seen in recent work [2,3,4]. These models depend on the structure of the latent space to
generate new trajectories, where we also seek to improve explainability [5].

Additionally, current models often struggle to capture the complex spatio-temporal dependencies between
multiple trajectories. Generating realistic trajectories requires modelling both individual trajectories and
their relationships over time, which presents a significant challenge for risk estimation. The models
developed so far, including those based on VampPrior [6], have laid a solid foundation for trajectory
generation but are not yet fully equipped to handle temporal dependencies. Furthermore, they have not
addressed the generalization to new geographic zones without requiring complete retraining.

The primary goal of this PhD proposal is to explore how transfer learning can be applied to generative
models for aircraft collision risk estimation. Specifically, we aim to develop methods that enable the
reusability of learned weights and latent structures from one airspace (geographical region) to another,
thereby accelerating model adaptation and specialization to new environments. We can notably draw on
recent work on transfer learning for trajectory predictions [7,8] to achieve this objective. This
transferability will also focus on minimizing computational overhead while maintaining interpretability in
the latent space and accuracy in collision risk predictions.
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