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ABSTRACT:

Modern mechanical and aerospace systems, encompassing domains from robotics and
autonomous vehicles to spacecraft and aircraft, are defined by their complexity and the
critical need for safety and reliability. As these systems operate more autonomously in
uncertain environments, traditional control methods that rely on single-point trajectories and
nominal models often fail to ensure necessary guarantees against constraint violations and
failures. Set-based methods offer a robust alternative for analyzing system behavior under
uncertainty and developing controllers with guaranteed performance by directly handling
sets of potential system states, uncertainties, and limitations. Instead of asking “What is the
state?”, the question becomes “What is the set of all states the system could be in?”. This
shift enables the development of methods that can provide formal guarantees for properties
like safety and constraint satisfaction, even when faced with unknown but bounded errors
or disturbances. This presentation will highlight the set-theoretic framework, employing set-
based reachability analysis to characterize possible system trajectories under uncertainties
accurately. The outcomes from reachability analysis, particularly the bounds of reachable
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