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Moving Block (MB) signalling systems within the European Train Control System (ETCS) increases railway capacity and
operational flexibility by allowing dynamic train separation based on real-time positions and braking distances. However,
this dynamic operation also introduces new safety challenges due to complex functional behaviours, timing constraints,
and communication-dependent interactions.

Preliminary hazard analyses for ETCS MB systems identify numerous potential hazards and high-level safety measures. Yet,
being based on expert-anticipated scenarios and early-stage qualitative reasoning, they cannot ensure the exhaustive
exploration of safety-critical interactions or the formulation of precise, verifiable properties. This gap makes it difficult to
assess systematically, through formal models, whether the defined safety mechanisms remain sufficient under all
operational and communication conditions.

Although existing analyses provide extensive hazards listings, they do not ensure that these hazards are adequately
covered by the system’s functions and by current formal models such as those for route reservation or integrity
management. Without a structured method to translate known hazards into verifiable properties, critical interactions may
remain unassessed, limiting the confidence in system safety.

Building upon our previous work defining a framework for deriving formal models from functional specifications of MB
system functions (Saddem et al.,, 2022; Saddem et al., 2024), this paper refines the "hazard-to-property” step of the
framework. The proposed method provides a systematic process for translating main hazards and associated safety
mechanisms into verifiable formal properties.

To support this, we extend existing formal models covering route reservation, train integrity management, and movement
authority handling to incorporate uncertainties such as communication delays, message losses, timeout behaviours, and
positionmeasurement errors. These extensions make it possible to analyse how such uncertainties influence safety-critical
interactions. The resulting models support automated verification of key properties, ensuring the absence of collisions,
overlaps between Track Status Areas or Reserved Status Areas, and incorrect point positions.
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