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Background: Recently, the expectation on the sound quality is increased thus the perception based approaches has
been necessary for a comfortable sound design. Because the auditory system of human is exposed to external
stimuli all the time, it is required to concern not only the evaluation of instant feeling, but also the reaction to
long-time exposure. These are usually unconscious reaction in many cases therefore the conventional approaches
based on the sound pressure level and questionnaire surveys have limitations for the appropriate sound design.

Objective: In this study, the sound evaluation method is investigated for the proper evaluation of a physiological
reaction to the long-time sound exposure. Moreover, the perception models of reaction are constructed for various
situations under the long-time noise exposure and it is applied to sound design processes. In addition, the sound
field monitoring and control method is suggested to offer an appropriate sound condition in a real situation.

Research plan, contents & related results:
(1) Investigation of measurement methods to evaluate the physiological reaction to sound stimuli

A. Investigation of acquisition methods for physiological information & its application method: The methods to
measure the physiological information are investigated and the relation with sound stimuli and the method to
extract useful information are considered. As a result, it is found that the respiration fluctuation,
electrocardiogram, concentration of Oxy-Hb in brain have close relation with the reaction to sound stimuli.
Based on the result, the process to improve the sound condition in an office, a home, and a vehicle interior is
considered. (Related outcome: B1, B3)

B. Investigation of sound field monitoring & control: The modified beamforming method is suggested to optimize
the beam characteristic adjust to the noise condition in the sound field. Moreover, the conditioning method of
sound source array system was considered to apply the sound field control method using inverse approach.
(Related outcome: A1, A2)

(2) Modeling of auditory perception for long-time exposure & sound design

A. Modeling of auditory perception: The perception models of sound are constructed for various situations and
applied to sound design. As a result, the comfortable sound conditions inducing low stress are achieved for
MFP in office, box-type structure adopted in many types of home appliance. Moreover, the auditory model of
vehicle driving sound and change of sensory temperature are suggested with a combined stimuli of audio and
vision. (Related outcome: A3, B2, B4~B8)

B. Application of sound field control: Based on the result of (1)B, the multi-zone control method is applied to
achieve the different sound condition for selected areas. (Related outcome: B9)
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