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Generative locomotion models to understand and realize robot locomotion with a unified
Title probabilistic perspective (@R v b at— g L OHE L EHO- DO — S - MBS IE
SLAKPeaE— g9 U ETIL)

Generative models describe mechanisms that data is generated. In recent decade, the generative modeling in
machine learning have advanced dramatically. By exploiting universal model basis (such as deep neural
networks) and massive datasets (or simulators cheap to execute), many applications that are automated in
end-to—end fashion competitively have encouraged and accelerated one to generate interesting samples such
as images, documents, musics, graphs, or character animations. On the other hand, our understanding on the
principles or reasons behind the impressive generation results is not yet enough elaborated

Probabilistic perspective has been considered as a unified tool to formulate, learn, and understand recent
modern generative models. Especially, prior information is an important clue to calculate and update
probability in Bayesian inference. In this thesis, we focused on curating, reflecting, and validating the
diverse types, levels, and amounts of prior information, with the special focus on the robot locomotion
generation problems.

First, we provided a unified probabilistic perspective by comparing priors existing in the representative
probabilistic models, from regularization, Bayesian, and evolutionary views. Also, to further deepen
understanding the probabilistic models, we proposed a new systematical interpretation of generative models
called as balanced variational closed loop.

Second, we proposed a method to integrate multiple pieces of prior information. The prior on simple
linear dynamical systems was integrated with flexible, non—linear data—driven machines. We call the
moderate integration as a soft prior, and the multiple soft priors were further aggregated in the
probabilistic chains that we call distributed knowledge chains. For the robot locomotion test generation,
we analyzed the effects of the diverse prior combination reflected in the proposed generative locomotion
models.

Third, we proposed a method to reflect spectral and spatial priors existing in a class of articulated
mobile robots. Dedicated data transformation and arrangement was proposed to encode the priors
Hierarchically connected recurrent networks were proposed and trained with sequential variational inference
on the transformed data distribution. The trained models were utilized to sample the desired robot
locomotion via the disentangled latent representations

Fourth, we proposed an efficient deep locomotion model to reflect infinitely wide priors on deep neural
networks. After providing a comprehensive comparison with other generative models so far, we presented a
practical application of the efficient deep locomotion models to distill locomotions by real quadruped
robot.
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