
Predictive safety: from observation to physical action

Nominal policy
Task-conditioned proposal unom

t

Safety specification + operating assumptions
Hazard definition, constraint or risk bound; domain of validity

state / belief

Sense and estimate Predict futures Assess safety Select action Execute

State x̂t and uncertainty Ut Action-conditioned outcomes Check the specified property Accepted or verified alternative Apply ut ; observe ot+1

Intervene / recover
Project / replan / backup; verify constraints

reject / unresolved verified alternative

No feasible alternative:
escalate; safety is not assured

Feedback: executed action and new observations update the state estimate and uncertainty

Three conditions for an enforceable safety claim

Hazard-relevant state
Retain variables that determine harm.
Represent missing information.

Valid prediction
Check model error and calibration.
Reassess assumptions under shift.

Feasible, timely intervention
Maintain an executable alternative.
Meet actuation and timing limits.

Illustrative navigation scenario, not experimental data. Blue: prediction. Orange: hazard / rejected route. Teal: admissible route / goal.


