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Abstract:

The deployment of autonomous train systems promises to revolutionize rail transport by
increasing capacity, reducing operating costs, and improving service reliability. However,
ensuring the safe integration of such systems into complex rail environments remains a critical
challenge. This research aims to develop a systematic safety assurance framework for
autonomous train operations, with particular emphasis on high-grade automation (GoA3 and
GoA4) within mixed traffic and legacy infrastructure settings. The dissertation will explore
existing formal safety assessment methodologies, including hazard identification, risk
evaluation, and safety case development, aligned with Common Safety Methods (CSM) and EN
50126/50128/50129 standards, and evaluate their potential in massive systematic changes due
to autonomous operation. Special focus will be given to digital signalling integration, onboard
obstacle detection, fail-safe operation under degraded modes, and human-machine interface
design for remote supervision. The research will also incorporate simulation-based safety
validation, system-theoretic process analysis (STPA), and real-world data from pilot
autonomous operations, including those within the Europe’s Rail Joint Undertaking. Outcomes
are expected to contribute to both academic literature and regulatory practice by proposing a
scalable and verifiable safety framework tailored for next-generation railway automation.
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Abstract:

This PhD project focuses on leveraging artificial intelligence (Al) to enhance the understanding
and predictive modeling of impact mechanics in 3D-printed bio-inspired structures. By
integrating Al-based optimization techniques with finite element simulations and experimental
validation, the research aims to develop novel materials and structural designs with superior
energy absorption and impact resistance. The study will explore bio-inspired architectures,
additive manufacturing techniques, and Al-driven surrogate modeling to accelerate the
identification of optimal configurations for high-performance applications. The work involves
close collaboration between computational modeling, machine learning, and experimental
impact testing, making it ideal for candidates with a background in mechanical engineering,
computational mechanics, or materials science.
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