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Hardware implementation and applications of analog high-dimensional neural
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It is crucial to analyze learning mechanism of neural networks(NNs). We
developed learning methods for spiking and high-dimensional NNs, and obtained analysis, design and
control methods for gene networks. Neural system-based pattern generation was explored to lead to a
framework for designing periodic orbits embedded in chaotic attractors. We also revealed fine
bifurcation structures in mixed-mode oscillations. And we derived the phenomenclogy of finite size
effects for online learning using four types of learning rules: gradient, Hebbian, perceptron, and
adatron learning using statistical mechanics methods.

We made an analog NN with learning mechanism and confirmed basic operation. Moreover, we developed a
high speed self-organizing maps hardware system with pulse frequency expression and nested

architecture.

As an application, we implemented mutual collision avoidance and consensus control methods of

multiple quadrotors to achieve autonomous surveillance in an unknown environment.
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