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A study on method of evaluation and its application for fluctuating

sound

Abstract

This thesis develops “A study on method of evaluation and its application for fluctuating
sound”, given by the author in Division of Media Informatics, Graduate School of Science
and Technology, Ryukoku University.

People have listened to various sound and perceived sensation of hearing. Specifically,
the amplitude modulated (AM) sounds elicit the sensation of hearing. Previous studies
represented the sensation of hearing fluctuation as fluctuation strength (FS), and another
sensation as roughness by conducting psychoacoustical experiments. FS is elicited by AM
sounds with a modulation frequency of up to around 20 Hz, and roughness is elicited by
AM sounds with a modulation frequency in the region between about 20 to 300 Hz. It
was found that the F'S from an AM pure tone (AM SIN) and AM broad-band noise (AM
BBN) with a modulation frequency within 4-8 Hz is greater than that outside this range,
and the strongest sensation for fluctuation is obtained within 4-8 Hz. Also, it was found
that the roughness from an AM SIN and AM BBN with a modulation frequency around 70
Hz is greater than that outside the frequency. More specifically, the modulation frequency
at which the maximum roughness is reached depends on center frequency. The maximum
is shifted towards lower frequency of modulation with decreasing center frequency below 1
kHz. For center frequencies above 1 kHz, the height of the maximum is reduced although
the modulation frequency at which this maximum is reached remains unchanged. Although
FS and roughness are influenced by the modulation frequency, they increase as modulation
depth and sound pressure level increase independently from the frequency. Then, it was
showed that FS and roughness increases as modulation depth and sound pressure level
increase.

In other studies, F'S or roughness was estimated from the physical parameters of fluctu-

ating sounds. The F'S or roughness estimated using the parameters extracted from acoustic



signals was found to correspond approximately to the sensation of hearing for FS or rough-
ness, respectively. In the estimation procedure, the parameters that strongly affect the
sensation of hearing were extracted on the basis of the experimental results of previous
studies. The FS or roughness estimated using that procedure and commercial software for
evaluating sound quality were found to represent the sensation of hearing from an AM SIN
and AM BBN only. However, those studies have not yet investigated validity of estimat-
ing FS or roughness from amplitude fluctuating sound except for those AM sounds using
conventional procedure. Moreover, procedures for estimating F'S or roughness from those
sounds have not yet been proposed. If the procedure is constructed, it will contribute to
objective evaluation for actual noise given by constructions and/or traffics or the auditory
signals of domestic appliances or vehicle.

In this study, performance sound and actual noise such as fluctuating sound given by
constructions and/or traffics are introduced, and procedures for estimating F'S or roughness
from these sounds are developed. Also, application of the procedures is proposed.

This thesis is consists of the following 7 chapters.

Chapter 1 is an introduction, describing aims and outline of this study.

Chapter 2 describes definition for fluctuating sound in this study, the outline of previous
studies and the purpose of this study.

Chapter 3 describes a procedure for estimating FS from tremolo and exhaust sound.
This study developed a procedure for estimating FS from tremolo produced by irregular
plucking of mandolin, that produced by irregular stroking of marimba and exhaust sound of
motorbike. Those tremolo and exhaust sound are characterized by the average frequency on
amplitude envelope, as well as the onset and amplitude deviations. The fluctuation elicited
by only the average frequency on amplitude envelope is called the “lst fluctuation”, and
that elicited by onset and amplitude deviations is called the “2nd fluctuation”. Unlike the
tremolo produced with a mandolin, the shape of amplitude envelope on a tremolo produced

with a marimba and explosive sound is different among mallets or motorbikes and may affect
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FS. Thus, the fluctuation of shape is called the “3rd fluctuation”. This study calculated the
feature parameters of a tremolo and exhaust sound based on 1st, 2nd and 3rd fluctuation,
and estimated FS from those sounds using the calculated parameters. The results showed
that this procedure based on not only the 1st fluctuation but also the 2nd and 3rd fluctuation
approximately represents the sensation of hearing fluctuation.

Chapter 4 describes a procedure for estimating roughness from sounds amplitude-modulated
with triangular wave. This study investigated possibility of estimating roughness using con-
ventional procedure. A correlation between roughness estimated using conventional proce-
dure and the sensation of hearing roughness for sound amplitude-modulated with triangular
wave was investigated. As a result, it was found that estimated roughness is weakly corre-
lated with roughness obtained from subjective experiment (r = .46 (n=18)). Thus, it can be
said that roughness for sounds amplitude-modulated with triangular wave estimated using
conventional procedure cannot approximately represent the sensation of hearing roughness.
Therefore, it is necessary to investigate the influence of the shape of amplitude envelope
on roughness. So, the influence was investigated using sounds amplitude-modulated with
triangular wave. Here, the slope for rising and falling and the phase in triangular wave are
introduced as characteristic on the shape of amplitude envelope. As a result, it was found
that roughness on stimuli with very short rising or falling time is larger than the one with
very long rising or falling time. The roughness on stimuli with very short rising time is
the largest, whereas that with the one with equal rising and falling time is the smallest.
Thus, the results showed that the roughness varies by the shape of amplitude envelope. As
another result, it was observed that there are differences among some experimental results
for phase. Thus, the results showed that the roughness also varies by the phase of ampli-
tude envelope. Therefore, it was found that the shape and phase of amplitude envelope are
needed to estimate correctly the roughness that represents the sensation of hearing from
fluctuating sounds.

Chapter 5 describes an application of the proposed method of evaluation for fluctuating

vii



sound to evaluation for performance proficiency. This study investigated a relation be-
tween performance proficiency and estimated FS. First, the region of plucking rates used
in actual tremolo performance was investigated. Next, onset and amplitude deviation in-
cluded within actual tremolo performance was investigated. Also, the relationship between
performance proficiency and estimated FS was investigated using synthesized sounds by
controlling plucking rate, onset and amplitude deviations. As a result, highly rated tremo-
los had a relatively low FS estimated using conventional procedure described in chapter 3
and were correlated with highly subjective evaluations. Therefore, the results showed that
skilled tremolos satisfied both playing restrictions and psychoacoustical criteria.

Chapter 6 describes an application of the proposed method of evaluation for fluctuating
sound to evaluation for detection of approaching electric vehicle. This study investigated
an influence of fluctuation sound on ease of detection of approaching vehicle as well as
synthesizing a sound for warning. A motor sound with characteristics of the fluctuation
of the gasoline vehicle was synthesized using procedure described in chapter 3. In this
study, synthesized motor sound is called “fluctuating motor sound”. This study investigated
loudness of fluctuating motor sound and influences of the fluctuating motor sound on the
perception of loudness. As a result, an influence of 1st and 2nd fluctuation on perception
of loudness was observed. Also, it was observed that there are slight differences among
experimental results based on only onset deviation. On the other hand, it was observed
that there are significant differences among experimental results based on only amplitude
deviation. In addition, whether or not fluctuating motor sound is easy to notice approaching
vehicles was investigated by conducting an evaluation experiment. As a result, it was found
that fluctuating motor sound with both 1st and 2nd fluctuations elicited by only amplitude
deviation is appropriate to let people notice the approaching vehicles. Therefore, it was
found that the proposed method of evaluation for fluctuating sound can be applied to

evaluation for detection of approaching electric vehicle.

Chapter 7 describes the conclusions and future works.
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Figure 1.1 Overview in this study.
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Figure 2.1 A white noise.
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Table 2.1 Fluctuating sound classified based on characteristic of acoustic signal.
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Figure 2.3 A relation between modulation frequency and FS/Roughness.
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Table 2.3 Comparison of the guideline with warning sound proposed by past studies.
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Figure 3.1 A mandolin.
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Figure 3.2 A marimba.
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Figure 3.3 Mallets.
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Figure 3.4 Recorded down-stroke sounds produced on a marimba.
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Figure 3.5 Recorded exhaust sounds of motorbikes.
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Tremolo:
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Extracting onset and amplitude deviations
v
Moving average
v v

Extracting feature parameters for the 2nd fluctuation
based on previously proposed method [29]

¥

Feature parameters for the 2nd fluctuation

Figure 3.6 Procedure for calculating feature parameters for the 2nd fluctuation.
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Figure 3.7 Feature parameter for onset deviation (pdi ).
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Figure 3.8 Feature parameter for onset deviation (pd 1).
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Figure 3.9 Feature parameter for onset deviation (pd; 2).
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Figure 3.10 Feature parameter for onset deviation (pd; 3).

Table 3.1 Extracted parameters for 3rd fluctaution.

AVE RAN SD SUM
Acoustic power psi11 PSi2 PS13  PSia4
Normalized acoustic power PS21  DS22  PS23  PS24
Duration for rising PS3,1  PS32  PS33  PS34
Fluctuation depth for rising  pss1  pss2 Dsa3z  PSaa
Slope for rising PSs51  PS52 DPS53 DS54
Duration for falling Pse,1  PSe62 DS63 PS64
Fluctuation depth for falling ps71  psr2 Dps73  PS7a
Slope for falling PSg1  PSs2 DPS83 PS84
Spectral centroid PS91  PS92  PS93 PS94
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Figure 3.11 Feature parameter for onset deviation (pdy 4).
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Figure 3.12 Characteristic for shape of envelope.

Q
SP=>"|X(q)| (3.7)
qg=1
SP
NSP= ——— 3.8
Don + Doff ( )
Hon = aon X Doy (39)
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| Extracting each explosive sound ‘

A Y
|Extracting amplitude envelope | |Extracting duration for rising and faIIing|| Extracting sound power | | Extracting spectral centroid |
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Features for each explosive sound

Figure 3.13 Procedure for extracting parameters for the 3rd fluctuation.
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Figure 3.14 Proposed procedure for estimating F'S.
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, SL(k) + Cia(#ip — SL(K)) (O [SL(k) = Zig| < 22|SU(K) — Zikl)
Tigk = (3.14)
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Figure 3.15 Procedure for synthesizing imitated tremolo.
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Figure 3.16 Simple procedure.
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Figure 3.17 Results of calculating R? using simple procedure and adjusted R? using feature

parameters for onset and/or amplitude deviation.
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Figure 3.18 Results of calculating R? on condition SP and adjusted R? on condition SP &

2nd and SP, 2nd & 3rd .
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Figure 3.19 Procedure for synthesizing imitated exhaust sound.
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Table 3.2 Correlation coefficients between scores evaluated by each listener.
Lef; Lefy Lefs Lefy Lefs
Lefl 1 - - - -
Lefy .643 1 - - -
Lefs .711 .583 1 - -
Lef, .609 .471 .875 1 -
Lefs .544 390 .762 .843 1
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Figure 4.1 Procedure for estimating Roughness in this study.
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Figure 4.3 Results of evaluation experiment for Roughness.
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Table 3.3. O Triangular wave used as modulation wave.
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Table 3.4. O List of stimuli.

Stimulus ID | Modulation wave ID | Modulation depth
STaM1 0.4
StaM2 To.1 0.8
STAMS3 1.0
Stama 0.4
STAMS To.3 0.8
STtaM6 1.0
Stamr 0.4
STAMS To.5 0.8
STAM9 1.0
STAM10 0.4
STAMI11 To.7 0.8
STAM12 1.0
StaM13 0.4
STAM14 To.9 0.8
STAM15 1.0
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Figure 4.5 Result of experiment (Modulation depth 0.4).
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Figure 4.7 Result of experiment (Modulation depth 1.0).
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Table 3.5. 0 Wave changed randomly phase of triangular wave.
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Figure 4.8 Result of experiment using AM sounds with amplitude spectrum on Stawmi.
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Figure 4.9 Result of experiment using AM sounds with amplitude spectrum on Stawme.
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Figure 4.10 Result of experiment using AM sounds with amplitude spectrum on Stanms.
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Figure 4.11 Result of experiment using AM sounds with amplitude spectrum on Stan4.
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Figure 4.12 Result of experiment using AM sounds with amplitude spectrum on Stanms.
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Figure 4.13 Result of experiment using AM sounds with amplitude spectrum on Stawme-
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Figure 5.2 Pick used for recording experiment.
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Figure 5.3 Standard deviation of onset deviation for actual performance.
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Figure 5.5 Comparison of subjective evaluation results for tremolo proficiency.
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Figure 5.6 Estimated F'S for simulated tremolos under three conditions.
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Figure 5.7 Realtionship between our results and FS.
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Table 6.1 Overview of vehicle used in this study.

Type of vehicle Manufacturers Power source
DEMIO Mazda Motor Corporation Gasoline
LEAF NISSAN MOTOR, CO.,LTD.  Electricity
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(b) LEAF

Figure 6.1 A gasoline vehicle and electric vehicle.
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T =2ionp + Ol (@ip — 279 y) (6.4)
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Table 6.2 List of fluctuating motor sound.
Stimulus ID  Exaggeration ratio for OD Exaggeration ratio for AD

So.0 0 0
80,100 0 100
S0.200 0 200
5100,0 100 0

S100.100 100 100
5100,200 100 200
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Table 6.3 An example of result for answer.
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Figure 6.2 Result of experiment for loudness.
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Figure 6.3 Average of absolute limen for each stimulus.
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Figure 6.4 DED for recorded exhaust sound and each fluctuating motor sound.
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