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Motor Learning for Flexible Joint Humanoid Robots

using Physical Human-Robot Interaction

Shuhei Ikemoto*!, Heni Ben Amor*2, Takashi Minato*3,

Bernhard Jung*? and Hiroshi Ishiguro

*1%3

We propose a human-in-the-loop learning architecture which addresses the question of how learning can be achieved

for tightly coupled physical interactions between the learning agent and a human partner. In recent years, the appli-

cation domains of humanoid robots continue to expand, moving deeper into the realm of everyday life. Thus recent

robotic developments are increasingly targeted at domestic environments and assistive tasks, in which human-robot

interaction is indispensable. In order for humans and robots to engage in direct physical interaction, we employ a

flexible joint humanoid robot driven by pneumatic actuators. This paper presents an example for such human in-the-

loop learning scenarios and proposes a computationally efficient learning algorithm for this purpose. The efficiency

of this method is evaluated in an experiment, where human care givers help an android robot to stand up.
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Fig.1 A flexible joint humanoid robot: CB2. All of the joints
in the body are actuated by pneumatic actuators. Po-
tentiometers are equipped in the joints without fingers
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Virtual Goal Switching Rule
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The control architecture of the CB2 robot. Where k and
n indicate the number of DOF's and desired postures re-
spectively. The desired posture is encoded as a vector &*
of angular values. Using a PID-controller drive torques
are generated in order to attain the posture . A virtual
goal switching rule changes between a set of different de-
sired postures in order to achieve whole body motions of
the robot

Fig.2
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switching 1

_—

When the hands are
pulled up by the human

switching 2

—_—
When the legs are
bent more than in
posture 2

posture 1
Fig.3

posture 2

posture 3

Sequential snapshots of the rising-up interaction and the three desired postures

and the virtual goal switching rule used in the rising-up behavior of the robot.
Although the desired posture was drastically switched, the motion of the robot
was smoothen by the characteristics of pneumatic actuators
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Learning 'é Memory

Critique
mE O

Physical Interaction

Fig.4 Overview of the human-in-the loop learning system in
physical interaction used in this paper: after physical in-
teraction the human judges whether the interaction was
successful or not. This information is stored in the mem-
ory and later used for learning
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posture 2

1st principal component

Fig.5 Interaction data for the standing up task projected into a
low-dimensional posture space. Each point corresponds
to one posture of the robot
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Fig.7 Sequential snapshots of the first (top) and last (bottom) interaction of the test
subjects with the robot. The white curve depicts the change in the robot’s hips
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Fig.8 Projected interactions in the low-dimensional posture space. The left two plots
show the interaction trajectories for the first subject before and after learning.
The right two plots show the interaction trajectories for the second subject. Each
figure expresses low-dimensional interaction trajectories as a result of PCA for
the five interactions data. The right endpoints and the left endpoints in each
figure indicate initial postures and final postures respectively. In both cases the
trajectories becomes smoother after learning and sudden jumps and knots are

reduced
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Fig.9 The average and standard deviation of the summation
of the posture change norm of test subjects in the base-
line experiment (left) and training experiment (right).
The dark gray, white, and light gray bars indicate the
mean and standard deviation values during each of the
intermediate learning steps (after every 10 trials). In the
case of the baseline experiment only subject 2 has a sig-
nificant improvement after all trials. After the training
experiment, the interaction with the robot improved for
all subjects
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Fig.10 The change of the maximum posture change norm in
each phase during the baseline experiment and the first
learning experiment. We cannot see any significant dif-
ference of the maximum posture change norm in the
baseline experiment. On the other hand, there are large
changes of the maximum posture change norm in the
learning experiment. For all subjects the values drasti-
cally decrease after learning
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