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Development of theory and algorithms for robotics, control, and learning

Problem description:

While the field of robotics has seen a fascinating development in recent years, consider for example
Boston Dynamic’s Atlas robot doing parkour, there are still many open research questions to address.
Minimal coordinates (also called generalized or joint coordinates) have historically dominated robotic
simulation and control, possibly due to the perception that they lead to greater computational effi-
ciency. However, for robotic systems in contact with the enivonrment, a representation in maximal
coordinates can be more efficient [1]. Additionally, our recent findings indicate superior performance of
maximal-coordinate control over minimal-coordinate control for linearized systems [2]. Consequently,
deriving novel control algorithms, for example model-predictive control in maximal coordinates for
walking robots poses an interesting research topic.
Besides walking, robotic grasping is another challenging research area. Due to the high complexity of
grasping tasks, purely classical control algorithms are often insufficient. In contrast, a combination of
classical methods and learning-based approaches can prove advantageous. We have recently developed
a reinforcement-learning-based method for grasping [3], which could be further extended, also by
integrating optimization-based concepts.
The general aim of master theses in the area of robotics is to derive advanced control and learning
algorithms for robotic systems. Afterwards, the performance of the derived methods can be evaluated
in simulation and applied on real robotic systems.

Tasks:

• Literature research on robotics, trajectory optimization and control strategies
• Derivation of novel control methods and algorithms
• Evaluation of performance and applicability to real robotic systems
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