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ABSTRACT
A Voice Reaction System with a Visualized Response
Equivalent to Nodding .
Tomio Watanabe and Takeo Natsui

In human communication, a listener's movements such as nodding
and facial expression are interactively synchronized with a speaker's
words. This synchrony plays an important role in information exchange.
It has been reported that this phenomenon is observed in a neonate in
response to the mother's speech. The movement-voice synchrony is,
therefore, an essential form of communication, and applications of
this synchrony mechanism to a human-machine interface could be
important for the smooth exchange of information in human-machine
communication.

This paper first analyzes the synchrony between a speaker's voice
and a listener's intentionally nodding in interpersonal communication.
The voice and nodding are recorded on videotape while super-imposing a
video timer with a frame unit of 1/30 second. The nodding parameter is
defined in binary code according to whether or not a nodding movement
is observed in each frame length of 1/30 second, while the voice
parameter is also defined in binary code according to whether the
speech power level is over or under a threshold value within the frame
length. By obtaining the cross-correlation function between these two
parameters, the authors reveal significant synchronous as well as
lagged relationships between the speaker's voice and the listener's
nodding.

Secondly, from the analysis of the voice-nodding synchrony, a
hierarchical model of the voice reaction system is proposed. The
model with simulated nodding consists of two stages -macro and micro,
which respectively estimate the nodding response by the linear
combination of the vocal binary code. The macro stage estimates the
existence of nodding in each talkspurt plus silence duration unit with
a fill-in operation of 2/30 second (2 frames) for the vocal binary
code. This estimator is a moving-average model (MA model), which is
expressed as the linear combination of units (the ratio of talkspurt
duration to talkspurt plus silence duration) over approximately 10
seconds. Within the nodding episode estimated at the macro stage, the
micro stage estimates the starting point of nodding in each frame
length of 1/30 second (1 frame). This estimator is also an MA model,
and is expressed by the linear combination of the vocal binary code
over 2 seconds (60 frames). From the simulation for estimating the
nodding response to vocal input, the effectiveness of this voice-
nodding reaction model is demonstrated.

Finally, as an example of practical applications, the model is
applied to a human-machine interface, and a new voice-nodding
reaction system is developed. This system turns the light of a level
meter on a graphic display on and off appropriately under the control
of the optimum parameters of the model for vocal input. This study
has many potential applications, in particular the realization of
smooth information exchange in a human-machine interface.
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