Brain Inspired Learning Systems for UAV Navigation

How do birds fly with such agility and precision - even through
dense forests or turbulent winds? Can we capture the essence of
this natural intelligence and transfer it to unmanned aerial vehicles
(UAVs)?

In this project, we explore brain- and neuro-inspired systems for
drone navigation, bridging the worlds of neuroscience and control
theory. We begin with artificial neural networks (ANNs), the
foundational structures that are inspired by the way biological
brains process information. We will learn how ANNs adapt through
different learning paradigms and parameterizations.

However, brains are dynamic, temporal systems. To capture this,
we move into recurrent neural networks and reservoir computing,
uncovering how time and memory may shape intelligent behavior.
Next, we take a closer look at biological learning. What kinds of
neurons exist? How do they communicate, adapt, and represent
information? This will lead us to the third generation of neural models: spiking neural networks
(SNNs), a more biologically realistic, event-driven framework, which requires different learning
approaches.

Finally, we dive into neuromorphic systems. These hardware-software architectures mimic neural
computation at the hardware level, offering a path to efficient, low-latency systems. We will explore
how these systems, when integrated with SNNs and event-based sensing, can enable fast, robust,
and adaptive drone navigation.
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This course combines reading of basic and current research as well as hands-on implementation,
giving both the theoretical background and practical skills to design and test neuro-inspired
systems.
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