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This paper presents a learning model for head movement
imitation using motion equivalence between the actions of
the self and the actions of another person. Human infants
can imitate head and facial movements presented by adults.
An open question regarding the imitation ability of infants is
what equivalence between themselves and others infants utilize
to imitate actions presented by adults [1]. A self-produced
head movement or facial movement cannot be perceived in
the same modality that the action of another is perceived.
Some researchers [2]–[4] have developed robotic models to
imitate human head movement. However, their models used
human posture data that cannot be detected by robots, and/or
the relationships between the actions of humans and robots
were fully defined by the designers.
The model presented here enables a robot to learn selfother equivalence to imitate human head movement by using
only self-detected sensor information. On the basis of the
evidence that infants more imitate actions when they observed
the actions with movement rather than without movement [5],
[6], my model utilizes motion information about actions. The
motion of a self-produced action, which is detected by the
robot’s somatic sensors, is represented as angular displacement
vectors of the robot’s head. The motion of a human action
is detected as optical flow in the robot’s visual perception
when the robot gazes at a human face. By using these representations, a robot learns self-other motion equivalence for
head movement imitation through the experiences of visually
tracking a human face. In face-to-face interactions as shown
in Fig. 1 (a), the robot first looks at the person’s face as
an interesting target and detects optical flow in its camera
image when the person turns her head to one side. The left
in Fig. 1 (b) shows the optical flow detected when the person
turned her head from the center to the robot’s left. Then, the
ability visually to track a human face enables the robot to
turn its head into the same direction as the person because
the position of the person’s face moves in the camera image.
The right in Fig. 1 (b) shows the robot’s movement vectors
detected when it turned its head to the left side by tracking
the person’s face, in which the lines in the circles denote the
angular displacement vectors in the eight motion directions.
As a result, the robot finds that the self-movement vectors are
activated in the same motion directions as the optical flow of
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(a) face-to-face interaction in which the (b) equivalence learning between optical flow and self-movement vector
robot looks at the human face
Fig. 1.
tions.

Self-other motion equivalence learning through face-to-face interac-

the human head movement. This self-other motion equivalence
is acquired through Hebbian learning.
Experiments using the robot shown in Fig. 1 (b) verified that
the model enabled the robot to acquire the motion equivalence
between itself and a human within a few minutes of online
learning. The robot was able to imitate human head movement
by using the acquired sensorimotor mapping. This imitation
ability could lead to the development of joint visual attention
by using an object as a target to be attended [7].
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