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This study investigated the temporal fluctuation of sound source and sound field in
terms of physical and psychological approaches. Physical properties of temporal

fluctuation were analyzed by the autocorrelation function of sound source and sound

field based on the human auditory-brain system. Psychological experiments were

conducted on subjective evaluation of temporal fluctuation of sound source and sound
field. The relationship between the physical properties and the subjective evaluation is

discussed.

In Chapter 1, previous studies on the physical properties and psychological
investigations of the temporal fluctuation are summarized. The time-variant model of
the impulse response, the model of auditory-brain system, the autocorrelation function
and extracted factors are described. The aim of this study is stated after the preferred

delay time of a single reflection is described.

In Chapter 2, the physical characteristics of the temporal fluctuation of sound field
are analyzed by the autocorrelation function of the time-invariant and the time-variant
sound fields. It was found that the 7, value of the time-variant sound field is different
from that of the time-invariant sound field, while there is no significant difference
among the other three factors, ©(0), 7; and ¢. By further examining the ACF behavior,
it was also found that the ACF envelope is much suppressed by adding the modulation
to the delay time of reflection. It may cause low total coherence between the direct

sound and the reflection in the time-variant sound field and effect the subjective
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evaluation.

In Chapter 3, three psychological experiments were conducted to examine
subjective evaluation of the time-variant sound field. The following resuits are found.

1. The most preferred delay time of reflection is shortened by the half of modulation
interval A/2 when the delay time of reflection is modulated. The preferred delay time
of reflection in time-variant sound field can be calculated from the te value of the
sound source and the modulation interval A. The maximum value of delay time of
reflection can be a cue to determine the subjective preference of delay time of
reflection.

2. The delay-time modulation may have a positive effect on enhancing the subjective
preference in time-variant sound field, especially for the music with short 7, (p<0.05).

3. It is found that the perception of the echo becomes larger with the longer modulation
interval, while the ACF ratio at the delay corresponding to the A, becomes smalier. It
is assumed that the echo can be easily perceived as the total coherence in the time-
variant sound field becomes low.

4. The ratio of ACF envelope becomes small in the sound field with the preferred delay
time of reflection. For the sound field with modulated delay time of reflection, it is
found that the sound field with the ACF envelope that is similar to the sound source

is preferred.

In Chapter 4, temporal factors extracted from the autocorrelation function of sound
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source were analyzed to examine the physical characteristics of traffic noise. Among the
ACF factors, the values of 1, and 7, showed the remarkable differences between
different types of individual vehicles. The value of 7, corresponds to the perceived pitch.
The sounds of the small motorbikes have low pitch because of the large values of r,;
while the sounds of the other vehicles with the small values of 7, have high pitch. This
may result in that the small motorbikes were less annoying.

The value of 7, represents the tonal structure of sounds. The sound of a motorbike
has large values of 7., which was perceived the most annoying among the vehicles with
running conditions.

As for ?elationship between the perceived annoyance and physical characteristics of
traffic, the variation of ¢, and t, may affect annoyance. Sounds with high pitch and with

strong tonal structure had tendency to be perceived more annoying.

In Chapter 5, conclusions and further problems are summarized.

The physical properties of the temporal fluctuation of sound source and sound field
can be identified by the autocorrelation function. The envelope of the autocorrelation
function and the temporal factors are effective and significant to describe the
relationship between the physical characteristics and the subjective attributes in the

time-variant sound field.
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