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Data-driven System Adaptation and Motion-Primitive
Updating for Formally Safe Control

Background

Formally verified controllers can guarantee safety, but the guarantees rely on a model and
uncertainty description that adequately cover real system behavior. In practice, disturbances,
unmodeled dynamics, and time-varying effects can cause mismatches that may invalidate pre-
viously verified properties.

A standard correctness notion is reachset conformance [2]: observed trajectories should be
consistent with model-based set predictions. While uncertainty descriptions can be calibrated
from data, new behaviors may appear during operation, motivating runtime mechanisms to
maintain safety assurances.

Motion primitives (MPs) [1] and maneuver automata offer an efficient safety framework via an
offline verified maneuver library for fast online switching. A key challenge is keeping such safety
certificates valid as uncertainty or operating conditions evolve.

Description

This project investigates a runtime adaptation concept that combines: (i) revising an uncertainty
description based on newly available operational data, and (ii) maintaining formally justified
safety guarantees for a motion-primitive-based controller library under such revisions.

Starting from a simplified baseline model (e.g., linear dynamics), the project will explore how to
(a) identify and characterize mismatches between model-based set predictions and observed
behavior, (b) adjust the uncertainty representation in a principled manner, and (c) ensure that
the motion-primitive library remains valid with respect to constraints and terminal conditions.
The emphasis is on designing an end-to-end workflow that is efficient enough for online use
while preserving formal safety arguments.

Tasks

• Literature review on reachability-based safety verification, reachset conformance, and
motion-primitive/maneuver-automaton safety frameworks.

• Design and implement a motion-primitive library under changing uncertainty/operating
conditions.

• Experimental evaluation on representative scenarios.

• Document methodology, experiments, and results.

Contact

Main contact: yongkuan.zhang@tum.de.
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