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ABSTRACT: Assurances of safety in autonomous systems are complicated by stochasticity, from human-on-the-
loop actions, disturbance effects, and inevitable limitations in mathematical models. Nascent theoretical results
have been limited by computational complexity, as the underlying solution is based on dynamic programming with a
multiplicative cost function. We describe an approach based in Fourier transforms, which provides an exact solution
for uncontrolled systems, and an underapproximation for systems with a control input. This method enables high
dimensional stochastic viability and reachability calculations, and has been applied to problems in collaborative
robot navigation, dynamic target capture, satellite rendezvous and docking, and circadian entrainment. Applying
these methods to physiological systems is complicated by characterization of the underlying dynamical system. We
describe efforts to characterize feedback mechanisms in Parkinson’s disease, with the ultimate goal of synthesizing
probabilistically safe controllers to mitigate motor symptoms. When coupled with methods for characterization of
human action and response, methods for probabilistic safety could form the basis for analysis and design of high-
dimensional human-in-the-loop systems.
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