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Robot Behavior Adaptation for Human-Robot Interaction based on Policy Gradient

Reinforcement Learning

Noriaki Mitsunaga*!, Christian Smith*!*2, Takayuki Kanda*!, Hiroshi Ishiguro*!*3 and Norihiro Hagita*!

When humans interact in a social context, there are many factors apart from the actual communication that need

to be considered. Previous studies in behavioral sciences have shown that there is a need for a certain amount of

personal space and that different people tend to meet the gaze of others to different extents. For humans, this is

mostly subconscious, but when two persons interact, there is an automatic adjustment of these factors to avoid

discomfort. In this paper we propose an adaptation mechanism for robot behaviors to make human-robot interac-

tions run more smoothly. We propose such a mechanism based on policy gradient reinforcement learning, that reads

minute body signals from a human partner, and uses this information to adjust interaction distances, gaze meeting,

and motion speed and timing in human-robot interaction. We show that this enables autonomous adaptation to

individual preferences by the experiment with twelve subjects.

Key Words: policy gradient reinforcement learning (PGRL), human-robot interaction, behavior adaptation, prox-

emics.
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Table 1 Behavior Classes

Class
intimate Hug

personal Shake hands

personal Ask person to touch robot
personal Ask where person comes from
personal Ask if robot is cute

social Play paper-scissors-stone

Name

social
social
social

Play pointing game

Perform arm-swinging exercise
Hold “thank you” monologue
social

Look at human without speaking
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Fig. 5 Robovie II and the behaviors

Table 2 Parameter values and step sizes

# Parameter Initial value Step size ¢;
1 intimate distance 50 cm 15 cm

2 personal distance 80 cm 15 cm

3 social distance 100 cm 15 cm

4 gazing ratio 0.7 0.1

5 waiting time 0.17 s 0.3s

6 speed factor 1.0 0.1
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Table 3 Average deviation from preferred value (normalized to
stepsize units)

parameter average deviation initial deviation

intimate 0.9 1.8
personal 1.3 1.6
social 1.3 1.2
gaze 1.0 2.4
wait 0.8 1.5
speed 1.1 1.4
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Fig. 8 Results achieved for subject 10. The dotted lines repre-
sent the measured preferences of the subject.
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Fig. 9 Results achieved for subject 5. The dotted lines repre-
sent the measured preferences of the subject.
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Fig. 10 Results achieved for subject 7. The dotted lines rep-
resent the measured preferences of the subject.
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Fig. 11 Results achieved for subject 1.
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