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Abstract

Al-based methods have tremendous potential for impacting the performance of autonomous and robotic systems. Such
systems include drones, ground- and water-based vehicles, and limbed robots for instance. A barrier to the wide
deployment of Al-powered methods in such applications is the risk or unpredictability of algorithm performance. In this
presentation we consider the development of safe machine learning (ML) methods for control that provide guarantees
about their convergence and performance. First: we present an algorithm and a tool for statistical model checking (SMC)
of continuous state space Markov chains initialized to a prescribed set of states. We observe that it can be formulated as
an X-armed bandit problem, and therefore, can be solved using hierarchical optimistic optimization. Our experiments,
using our tool HooVer, suggest that the approach scales to realistic-sized problems and is often more sample-efficient
compared to other existing tools. Second: We address system identification of a new important class of nonlinear systems:
nonlinear systems whose vector fields are real-analytic functions of the state variables and linearly parametrized. Such
models are relevant in a wide range of engineered systems. We consider two system identification methods: least-squares
estimation (LSE), which is a point estimation method; and set-membership estimation (SME), which estimates an
uncertainty set that contains the true parameters. We provide new non-asymptotic convergence rates for LSE and SME
under i.i.d. control inputs and control policies with i.i.d. random perturbations, both of which are considered as non-
active-exploration inputs. We also illustrate these theory results empirically on some well-known examples. Third: We
will explore the convergence of large language models (LLMs) and machine reasoning, with an emphasis on their
applications in control engineering. In particular we will discuss our recent investigations on the capabilities of state-of-
the-art large language models (LLMs), such as GPT, Claude 3 Opus, and Gemini Ultra, 02, and 04 in solving control
design problems. In particular, we introduce ControlBench, ControlAgent and EngDesign. These studies serves as an
initial step towards the broader goal of employing artificial general intelligence in control engineering. Hardware:
presented will be the HoTDeC multi- vehicle testbed, which consists of indoor airborne and groundbased vehicles.
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