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Chapter 1: Introduction
This chapter outlines the history of psychoacoustics especially on loudness
judgement, previous researchs on loudness related to the physical characteristics of
sound field in enclosed spaces, the problems of the existing loudness theory, and the

aim of this study.

Chapter II: Physics aspects in term of the Autocorrelation function of source signal and
sound field in a room
This chapter deals with the investigation about the effects of the delay time of re-
flection and the reverberation time to the autocorrelation function(ACF) of sound field
in rooms. The investigation was carried out with simulated sound fields. It is demon-
strated that the ACF analysis might be used to explain the presence of the repetitive
feature in both source signals and the sound fields. For a sound field with only one
reflection, a simple relationship between the effective duration of ACF of sound fields,
Te, and the delay time of the reflection sound with the direct sound is described. And
also, it is found that for reverberant sound fields there is a certain relationship be-

tween the value of 7. and the subsequent reverberation time.

Chapter l: Effects of the aufocorrelation function of sound signal on loudness
In this chapter the investigation concerning the evaluation of the ’critical band’ the-
ory was reexamined. In the first part, the paired- comparison method was used to
judge the loudness of bandpass noises of the same power level. The bandpass noises

had a center frequency of 1 kHz, and the t. was controlled by variation of the filter
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slopes(48,140 and 1080 dB, octave) and variation of the bandwidth. The results indi-
cate that the scale value of loudness(SVL) for a bandpass noise signal with longer
T. was higher than that of a signal with a shorter 7., even though the bandpass
noise signal had the same bandwidth as defined by the minus 3 dB attenuation at the
low and high cut-off frequencies. And, the loudness of bandpass noise within "the
critical band” is not constant when its bandwidth increases.

In the second part, it is investigated loudness of 1 kHz tone and narrow-bandpass
of sharp filtered noises centered on 1 kHz. The narrow-band noises with the band-
width of 40,80,160 and 320 Hz were used. The loudness judgment was conducted by ap-
plying the consistent method comparing the test signal with the reference signal. The
results show that loudness of the tone was about 1 dB higher than the noise used.
Also, the loudness of noises was not constant due to the bandwidth increases in con-

tradiction with the previous ”critical band” theory.

Chapter IV: Effects of the subsequent reverberation time on loudness in relation to the
ACF of sound fields
In this chapter, the investigation concerning loudness of sound fields for different
subsequent reverberation times is presented. Narrow-bandpass noises with a band-
width of 150 Hz centered on 1 kHz was used as source signal. While keeping the other
objective parameters(the listening level, the initial delay time between the direct and
the first reflection éound, and the interaural crosscorrelation,”IACC) are constants,
the paired- comparison method was conducted to find out the loudness of sound fields
with reverberation time of 0 s(the dirrect sound only), 0.6, 1.2, 2.4, and 4.8 s. The
sound fields are analysed using the autocorrelation function analysis. The results are
presented in relation to the 7. of the sound fields as a function of the subsequent re-
verberation time. It is shown that loudness is increased when the subreverberation

time Increases.

Chapter V: Effects of Interaural Crosscorrelation(IACC) on loudness.

Loudness judgments were conducted to find out the influence of interaural cross
correlation(IACC) by using the 1,73 oct. bandpass noise centered on 1 kHz. The ex-
periment was performed in order to find out the effects of the physical parameters of
common sound field on loudness it self in a free field. Here, the IACC as a spatial-
binaural factor of the sound field was varied, while the other three temporal-monaural
factors(the sound pressure level, the initial time delay gap between the direct sound
and the first reflection, the subsequent reverberation time) were kept constants. The
results and statistical analyses showed that loudness is almost independent of the
TIACC.

Chapter VI: Summary and conclusion
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This chapter presented the general summary, and conclusions derived from all of the
investigations performed are:

1. In an enclosed space there is a relationship between the effective duration of
ACF of sound fields, . and the delay time between the reflection sound and
the direct sound, as well as, the subsequent reverberation time.

2. The loudness in term of the scale value for a bandpass noise signal with
longer 7. is higher than that of a signal with a shorter .. Loudness of
bandpass noise within the "critical band’f is not constant when its bandwidth
increases, in contradiction with previous "critical band” theory.

3. The loudness of sound was increased when the subsequent reverberation time,
as well as, the 7. of sound fields increased, while the other objective parame-
ters are kept constants

4. It is found that loudness is almost independent of the IACC, or the spatial fac-
tor in the sound field.

Further investigations with various frequencies must be conducted before the final
model of loudness as a function of the objective parameters of sound fields to be pro-

posed.
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