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BACHELOR THESIS

Learning-Based Robust Optimal Control with Gaussian Processes

Problem description:

We consider a control system which is just roughly known:

2(t) = f(xt),u®)) + r(xt), u(t)).

The function f is given, and the residual function r is assumed to be an event of a Gaussian process.
Conditioned on data ((z;,u;),r;), one can refine r through its posterior. The aim of this thesis is to
find the most informative trajectory which decreases the uncertainty introduced by r the most.

Formally, the problem statement is as follows: Let r ~ GP(0,k(x,2’)) be a Gaussian process
on the probability space ). Through

#(t) = fx(t), u®) +r(z@), u(t);w), wel, (1)

this introduces the random variable of trajectories w — z(;w) for fixed control functions. By [1], it is
possible to take posteriors of GPs with respect to infinitely many data points. We denote the posterior
of r after having observed it on a complete trajectory ([0, 1) := (u([0,T7]),x(]0,T])) by r,. As it
is hardly tractable to minimize a measure of the uncertainty that takes the GP into account on the
complete parameter space (input space), we try to calculate

arg mwinz wiB[r (27, u7))?) (2)

=0

for some predetermined points (z;,u;)"_, and weights w; € R. Thereby, the trajectory should fulfill
the mean system dynamics of (1). By continuity arguments, this cost function approximates cost
functions that take the complete parameter domain into account.

The difficulty of this thesis is that (2) is a highly nonlinear optimization problem, so strategies for
good initialization or novel stochastic methods, like in [2], must be employed.

Context / Motivation:

This project is embedded in the area of safe active learning for control systems. For many systems,
the governing dynamics are clear, but there is still a gap to the concrete system, e.g. due to per se
individual dynamics as in biological systems or model uncertainties due to attrition or too complex
effects in technical systems. These deviations from the nominal model should be identified with as
little costs as possible. The system identification can be also seen as an intermediate step towards
the fulfillment of a further control task.



Tasks:

e Formalization of the above idea.
e Finding a suitable optimization algorithm for the optimal control problem.
e Simulation and evaluation of the algorithm for a suitable system in Mujoco.

Comment:
This thesis includes the control of nonlinear systems, optimization in function spaces, nonlinear
optimization, Gaussian processes, basics functional analysis and uncertainty propagation.
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