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Abstract: Adaptive, learning-enabled, and constraint-aware control methods are
increasingly relevant to aerospace applications, but their deployment in flight-
critical systems requires explicit guarantees on feasibility, convergence, stability,
and robustness. This presentation examines complementary approaches for in-
tegrating adaptation, learning, and constraint satisfaction into aerospace control
architectures while preserving formal structures and leveraging classical analysis
techniques. We first consider data-driven learning and optimization over param-
eterized control structures, in which the learning problem is isolated to gains or
parameters within a structured controller rather than direct black-box policy
learning. This formulation reduces search complexity, facilitates incorporation
of sparse objectives and hard constraints, and better preserves physically mean-
ingful properties of the guidance or control law. The second approach focuses
on control barrier functions (CBFs) as a formal mechanism for enforcing state
and input constraints for linear time-invariant (LTT), multi-input multi-output
(MIMO) applications. In particular, the Boeing-developed closed-form opti-
mal CBF min-norm solution enables classical stability and robustness analysis
in a piecewise sense, making it especially well—suited for flight—critical sys-
tems, where analytic guarantees and closed-loop performance verification are
essential. Moreover, whereas CBF augmentation is traditionally computed by
solving an optimization problem at each control step, the closed-form formula-
tion obviates the need to run an optimizer in the control loop, thereby reducing
computational burden, ensures solution feasibility, and improves implementa-
tion suitability for real-time aerospace systems. The presentation will discuss
how restricted adaptation, structured learning, and closed-form barrier-based
constraint enforcement can lead to trustable GNC-enabled autonomy architec-
tures that are more amenable to the necessary analysis and validation steps
required for certification.
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