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In this study, we proposed and implemented a self-supervised learning method using play data to
realize skillful object manipulation by a robot. Specifically, we developed (1) a new framework for
acquiring self-supervised data and (2) a deep generative model for learning the acquired data in
order to effectively apply deep learning to the field of robotics.

In (1), a human operator freely controls a robot based on his or her "interests" in a master-slave
manner to acquire various visual and proprioceptive data from a robot. In particular, the operator
controlled a slave robot in an environment with manipulatable objects by directly guiding a master
robot based on his or her interests during an hour. Time series data of joint angles and camera
images of the slave robot were recorded. In this study, we call these data "play data" in the sense
that they were acquired while he or she was playing freely.

In (2), we developed a variational recurrent autoencoder (VRAE) that integrates a variational
autoencoder (VAE) and a recurrent neural network (RNN). Given a final state of a part of whole
time series data as a goal, the VRAE learned to generate a predictive sequence of the visual and
proprioceptive states to reach the final state. We implemented the trained model in the robot and
tested its ability to manipulate objects in both trained and untrained situations. The experimental
results demonstrated that our proposed self-supervised learning method can achieve error
recovery that is not difficult to be achieved in the conventional supervised learning method using
only positive examples. In addition, while conventional reinforcement learning has the problem of
including useless data due to the random exploration of an environment, our proposed method
which asks human operators to manipulate a robot based on their interests realizes the meaningful
and efficient data collection with diversity.
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Self-supervised Learning Method to Realize Skillful Object Manipulation by a Robot
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2. MERRAEEOME FR)

In this study, we proposed and implemented a self—supervised learning method using play data to realize skillful object manipulation by
a robot. Specifically, we developed (1) a new framework for acquiring self-supervised data and (2) a deep generative model for
learning the acquired data in order to effectively apply deep learning to the field of robotics.

In (1), a human operator freely controls a robot based on his or her “interests” in a master—slave manner to acquire various visual
and proprioceptive data from a robot. In particular, the operator controlled a slave robot in an environment with manipulatable objects
by directly guiding a master robot based on his or her interests during an hour. Time series data of joint angles and camera images of
the slave robot were recorded. In this study, we call these data “play data” in the sense that they were acquired while he or she was
playing freely.

In (2), we developed a variational recurrent autoencoder (VRAE) that integrates a variational autoencoder (VAE) and a recurrent
neural network (RNN). Given a final state of a part of whole time series data as a goal, the VRAE learned to generate a predictive
sequence of the visual and proprioceptive states to reach the final state. We implemented the trained model in the robot and tested
its ability to manipulate objects in both trained and untrained situations. The experimental results demonstrated that our proposed
self-supervised learning method can achieve error recovery that is not difficult to be achieved in the conventional supervised learning
method using only positive examples. In addition, while conventional reinforcement learning has the problem of including useless data
due to the random exploration of an environment, our proposed method which asks human operators to manipulate a robot based on
their interests realizes the meaningful and efficient data collection with diversity.
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