Parameter Optimization of PID Controllers
using Bayesian Optimization

Bachelor’s Thesis

PID controllers are among the most widely used control structures in automation
technology and are applied in a wide range of technical systems. The achieved control
performance, however, depends critically on the choice of controller parameters. In
practice, these parameters are often tuned manually using time-consuming trial-and-
error procedures and heuristic tuning rules, which may lead to suboptimal solutions.
Bayesian optimization (BO) offers a data-efficient black-box approach to automate this
tuning process by treating the closed-loop PID performance as an expensive-to-evaluate
objective function. The goal of this thesis is to investigate how BO can be used for
systematic PID parameter tuning, especially in situations where closed-loop evaluations
are costly, and to assess extensions to multi-input multi-output (MIMO) systems.

Over the course of this thesis, the following tasks should be completed:

* Conduct a literature review on Gaussian process (GP) regression, Bayesian
optimization, and numerical PID parameter tuning methods (especially using BO)

* Research, design, and implement suitable example plants to test PID tuning, including a
clear definition of closed-loop quality criteria

* Implement a BO loop using GP surrogate models to tune PID controller parameters
based on selected closed-loop performance measures (e.g., IAE, ISE, ITAE, ITSE, ...)

* Compare BO-tuned controllers with classical PID tuning methods (e.g., Ziegler-Nichols);
discuss results regarding performance, robustness, and number of simulations required

* If time allows, extend the approach to MIMO systems and evaluate the scalability
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