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Development of deep learning to reveal physical human-robot interaction and its
application to safe robot control
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This study aims to develop learning and control techniques for safe physical

interaction between robots and humans. In relation to this scenario, four technical results have
been obtained mainly: i) a well-formed latent space extraction technique based on Tsallis
statistics; ii) a smoothing technique for reinforcement learning action; iii) a new theory of
Sim-to-Real as multiobjective reinforcement learning; and iv) a stochastic gradient descent method
robust to noise and outliers. In addition, two applications have been conducted mainly: i) analysis
of periodic motion of indirect physical human-robot interaction; and ii) footstep planning of bipeds
with discrete changes of contact states.
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