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Learning in Relative Spatial Concept of Three-dimensional Space
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Spatial concept is widely used in daily life. Of the cognition process in human and human interaction, an instructor can directly
locate the target and the reference object, and express the certain spatial relationship between objects to instructed person by using
joint attention. However, it is not easy for a service robot to recognize the action for joint attention from user in human-robot
communication. Instead, the robot need to comprehend the instruction of the user from the co-occurrence information of an utterance
and the context including multiple spatial relationships between target and other objects. The desired concept forming by the
utterance of user and the corresponding spatial relationship, called relative spatial concept. This paper proposes a learning method
with single reference based model (SRM) for relative spatial concept in three-dimensional space through human-robot interaction,
which can learn concepts by estimating the most likely reference object of human. And the other, we proposed another model,
named multiple referable objects based model (MRM) which by inference of each referable object to improve the accuracy of

estimation.
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