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Owing to recent breakthroughs of robotics technologies, physical assistive robots have attracted much attention.
Exoskeleton robots are one of them; can be used in various situations such as augmentation or rehabilitation.

Many studies have developed both of the hardware and software of exoskeleton robots.

The recent hardware studies have developed the exoskeleton robot with soft actuators and soft exosuits that enable safe and
comfortable assistance. Meanwhile, designing software of the exoskeleton remains a challenging problem due to the complexity
of the user—robot interactions. In this thesis, | propose to design the models and controllers of the exoskeleton robots that are
suitable for the individual user by leveraging the physical user-robot interactions.

To achieve this goal, I tackle three problems: 1) design of a controller framework from the physical interaction, 2) model

identification from the physical interaction, and 3) improvement of scalability of the assistive strategies.

First, I propose the control framework: learning assistive strategies of the exoskeleton robots from the physical user-robot
interactions. Although many controllers have been proposed, most of them utilized approximated models that did not take the
individuality and interactions into account. This proposed approach learns the user—robot interaction model that predicts the
user’s reaction given the robot’s input from the physical interaction data. Based on the model, I employ a data—efficient
model-based reinforcement learning for the assistive strategies to alleviate a large number of interactions that put a burden on
the users. | applied the proposed method to an elbow joint exoskeleton robot. The experimental result showed that my method

could learn the proper assistive strategies.

Next, I consider the model identification problem. In this thesis, I focus on model identification of soft actuators with the
exoskeleton robots. To obtain the accurate models, the various external forces are required in the model identification process.
However, previous identification approaches do not necessarily take actual situations in which the user wears the robot into
account and obtain the accurate models. In this study, I propose a novel approach for obtaining accurate soft actuator models
through the physical user—robot interactions for wearable robots, in which the user applies external forces to the robot.

I leverage an active learning framework based on Gaussian Process (GP) regression for the efficient identification. I conducted
experiments using a two—DoF upper—limb exoskeleton robot with four pneumatic artificial muscles (PAMs). Experimental
results showed that physical interactions between the exoskeleton robot and the user were successfully designed to identify
PAM models.

Finally, I tackle the scalability problem of assistive strategies. The generalization for multiple tasks and extension to multiple
DoF systems can improve the scalability. | propose learning task—parametrized assistive strategies for the exoskeleton robots
that can adapt to unseen tasks. This method learns the assistive strategies from multiple sets of human—-robot interaction data
through different tasks. They can be generalized even for unseen tasks, given the task parameters without additional learning.
Furthermore, I exploit the synergies both of the human muscles and artificial muscles of the exoskeleton robots to reduce the
number of control parameters of the assistive strategies so that they can be learned even with Multi-DoF systems.

[ show that I can extract the synergies not only from the user’'s muscle activities but from PAMs contractions of the
exoskeleton robot by using the learned PAM models. Then, | adopt a Bayesian optimization method to acquire the parameters

for assisting human movements by iteratively identifying the user’s preferences of the assistive strategies. I conducted




experiments to evaluate my proposed method with a PAMs—driven upper—limb exoskeleton robot. My method successfully

learned assistive strategies with a practicable number of interactions.

From the results, many people could enjoy safe and comfortable assistance from the exoskeleton robots whose controllers
adapt to the individual users and could be learned without experts’ knowledge.

The proposed method would be applied to both of the augmentations on and rehabilitation.

Finally, the method would help to understand human behaviors during human—human collaboration or human—-robot

collaboration.
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