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Soft mobile microrobots based on micro-fabricated photoresponsive liquid-crystal elastomers are a
novel kind of robot developed at the Max-Planck Institute Stuttgart. Driven by an external light
field, the material deforms locally and, using these deformations, the microrobot can swim. The mi-
crorobots’ body effectively behaves as a selectively-addressable continuum actuator with many degrees
of freedom (DoFs). Many-DoFs systems are typically very hard to model and control accurately and,
therefore, controlling the microrobots with classical control theory approaches is unfeasible. To actu-
ate the microrobots we proposed learning the light-field directly from data using Gaussian Processes,
used to build a probabilistic model of locomotion performance, and Bayesian Optimization, maximiz-
ing locomotion performance. So far this research has been focused on optimization in a setting where
we restrict the parameter space of the controller, showing the effectiveness of the chosen approach.
To better exploit the many DoFs of the light-controlled microrobots, this project aims to extend the
learning algorithm to work in a high-dimensional parameter space and discover new locomotion pat-
terns automatically. The main challenges for the learning algorithm are data-efficiency and robustness
since the parameters are learned from noisy, experimental data. The project will involve finding a
suitable method for high-dimensional locomotion optimization, as well as implementing and testing
the developed learning control algorithm on the microrobotic system.

Left: A photo of the soft microrobot (black, white dotted outline) powered and controlled by a light field (green
stripes). When the light pattern moves to the left, the microrobot moves to the right. Right: Learning controller
parameter from data with Bayesian Optimization.

MPI for Intelligent Systems, Intelligent Control Systems (https://ics.is.mpg.de/)
The project will be carried out at the Max Planck Institute for Intelligent Systems (MPI-IS) in
Stuttgart. The MPI-IS is a young, highly dynamic, and internationally oriented research institution
with close ties to several national and international partners (e.g., University of Stuttgart, University
of Tübingen, ETH Zürich, KTH Stockholm). This project is open to students from any institution.
Accommodation at the institutes guest house may be available for the duration of the project, and
the MPI can support travel to international conferences if the project leads to such publications.

Prerequisites: High motivation. A solid background in machine learning including hands-on experi-
ence working with machine learning algorithms.

Contact: Do not hesitate to contact us if you are interested in this project. When applying, please in-
clude your CV, grade transcript, and optionally other documents helpful to evaluate your background.

M. Sc. Alexander von Rohr, vonrohr@is.mpg.de
Dr. Sebastian Trimpe, trimpe@is.mpg.de
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