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Abstract:

Spatial constraints, i.e., constraints requiring the system trajectories to evolve in a safe set while visiting
some goal set(s), are typical in safety-critical applications. Furthermore, temporal constraints, i.e.,
constraints on the time of convergence, appear in time-critical applications, for instance, when a task must
complete within a fixed time due to an internal or an external deadline. Spatiotemporal requirements can
be used to pose most of the practical robotics and control problems. Some examples include distributed
control for drone-delivery systems requiring agents to reach their respective locations in a given time
limit while avoiding collisions and motion planning of a surveillance drone to hover over an area of
interest while keeping in a safe zone where it cannot be detected. The limited actuation capacities of
dynamical systems introduce new challenges in control design for simultaneous satisfaction of safety and
convergence. The main focus of today's talk is a systematic design framework for real-time constrained
control synthesis with provable guarantees for both safety and convergence. We will start with new
results on fixed-time stability under input constraints to facilitate satisfaction of temporal constraints with
limited actuation. Then, we will present a novel quadratic programming (QP) formulation for real-time
implementable control input. The proposed QP utilizes slack variables in a manner such that safety is
never compromised and it is provably feasible on the viability domain. Finally, we will present a
sampling-based method of efficiently computing the viability domain. In contrast to the reachability-
based methods, the sampling-based method is computationally fast, scalable with the system dimension,
and applicable to a larger class of dynamical systems.
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