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Abstract: Both self-learning architecture (embedded structure) and explicit/implicit teach-
ing from other agents (environmental design issue) are necessary not only for one-shot behav-
ior learning but more seriously for life-time behavior learning. This paper presents a method
for a robot to understand unfamiliar behavior shown by others through the collaboration
between behavior acquisition and recognition of observed behavior, where the state value
has an important role not simply for behavior acquisition (reinforcement learning) but also
for behavior recognition (observation). That is, the state value update can be accelerated
by observation without real trials and errors while the learned values enrich the recognition
system since it is based on estimation of the state value of the observed behavior. The
validity of the proposed method is shown by applying it to a dynamic environment where a

human and two robots play soccer.
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Fig.1 Spiral growth through learning and observa-
tion of behaviors
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Fig.2 Modular learning system
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Fig.3 Behavior recognition based on the change of
state value
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Fig.4 System for behavior recognition
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Fig.5 Sequence of estimated values and reliabilities
during a behavior of pushing a ball to the magenta
player
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Fig.6 An example of observation
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Fig.7 Estimation of view of the demostrator

Table 1 List of behaviors learned by self and state
variables for each behavior

Behavior State variables
Approaching a ball dy
Approaching a goal dg
Approaching the teammate | d,

Shooting a ball dy, dg, Og
Passing a ball dy, dy, Op,
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Fig.8 Success rate of the behaviors during learning
with/without observation of demonstrator’s behav-
ior
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Fig.9 Recognition success rate of the behaviors dur-
ing learning with/without observation of demonstra-
tor’s behavior
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