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In recent years, the attempt to evaluate the acoustic environment using the flucutua-
tion characteristic (power spectral density of fluctuation) has been attracting attention.
This paper introduces examples of fluctuation measurement aimed at environment
evaluation and examines various problems related to fluctuation characteristic measure-
ment of audio signals. Also, the function and composition of a special measurement
system for measurement of the “fluctuation characteristic,” the fluctuation analyzer,

are described in the last part of the text. The authors have begun developing this sys-

tem recently with the aim of supporting these studies.
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1. INTRODUCTION

In Japan recently, stress in the work places has
been increasing and the demand for a comfortable
indoor environment has been growing more and
more with the modernization of office-work condi-
tions through introduction of data-processing equip-
ment such as computers and word processors.

From the standpoint that comfort originates in
the natural environment, the authors?’ have studied
the fluctuation characteristics of the amplitude and
frequency of various audio signals (such as natural
sound, music, efc.) and the power spectral density
of ““a ridge line of mountain,” “a breath of wind,”
etc., fixing their eyes on the fluctuating phenomena
which are one of the important features of the
natural environment. As a result, interesting
characteristics were observed in the various objects
of measurement. The fluctuating phenomena were
found to represent an important aspect of environ-
ment and have possibilities for becoming a key factor
in comfort evaluation.

R.F. Voss and J. Clarke,” who performed a

pioneer study in this field, have proposed a method-
ology of fluctuation characteristic measurement and
introduced several intersting findings indicating the
importance of the fluctuation characteristic. How-
ever, the actual status of the fluctuation charac-
teristic in the natural field is not thoroughly clarified
yet, and there are many matters left to be solved
regarding the measurement method for fluctuation
characteristic and the evaluation method for fluctu-
ation characteristic. Under these circumstances,
and considering it necessary to observe the actual
status of fluctuation in the natural environment
further and in more detail to accumulate data, we
have reached the idea of development of a special
measurement system dedicated to the fluctuation
characteristic, ‘“‘the fluctuation analyzer,” with the
aim of supporting these studies.

In this paper, the measurement results of fluctua-
tion characteristic which authors have performed so
far are reported first, and then here various problems
related to fluctuation characteristic measurement
aimed at environment evaluation are examined.
Also, in the last part of the text, the function and
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composition of the fluctuation analyzer, which the
authors have started developing recently, are de-
scribed.

2. FLUCTUATION SPECTRAL
DENSITIES FOR AUDIO SIGNAL

Based on R. F. Voss’s method, the measurement
system shown in Fig. 1 is composed. Figure 1(a) is
a measurement system for “audio power fluctua-
tion,” for which the power spectral density is ob-
tained with an FFT analyzer, by determining the
fluctuation components at and below 20 Hz by
squaring audio signals. Figure 1(b) is a measure-
ment system for “frequency fluctuation,” for which
the power spectral density is obtained by FFT
operation, by inputting a time series of zero cross
numbers of audio signals obtained as outputs of the
frequency counter.

Typical examples of measured fluctuation charac-
teristics are shown in Fig. 2~Fig. 4. In these
figures, (a) shows the fluctuation of audio power
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and (b) the fluctuation of frequency.

Figure 2 analyzes the whole score of ‘“Four
Seasons” by Vivaldi (approx. 39 min), Fig. 3 “BAD”
by M. Jackson (approx. 4 min), and Fig. 4 a seg-
ment from Japanese “NHK WNews” (approx. 15
min). Straght lines in these figures are regression
lines of fluctuation characteristic waveform within
a range of 0.05~ 1.0 Hz, and coefficients of fluctua-
tion (n of f*) calculated from their inclinations are
shown at the bottom left of each figure.

In case of Fig. 2, n is near — 1.0 for both audio
power fluctuation and frequency fluctuation, "in-
dicating the typical 1/f characteristic as has been
stated so far. Since in the case of Fig. 3, n is near a
range of —0.4~ —0.5 in case of Fig. 4, n is near
0, both are off the 1/f characteristic.

In Fig. 5, coefficients (#1,) of audio power fluctua-
tion and coefficients of frequency fluctuation (#;)
by 20 typical audio signals are plotted on a two
dimensional plain by omitting their minus signs.

Table 1 shows the specific contents of these 20
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Fig. 1 Block diagram of a fluctuation measurement system for audio signals.
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Fig. 5 Two dimensional representation of
fluctuation coefficients (black dots cor-
respond to the audio signals in Fig. 2~
Fig. 4).

typical audio signals shown in Fig. 5. In Fig. §, a
circle with a 0.25 radius is centered at n,=n,=1.0.
As a guideline, audio signals within this circle can be
considered to have a typical 1/f characteristic. Ac-
cording to the figure, the Japanese news (No. 13) and
the sea wave (No. 20) are direct opposite types in
regard to fluctuation characteristic, and much classic
music present a typical 1/f characteristic. There
may be various opinions about how to read the
fluctuation characteristic data of Fig. 5. Combining
the results of measurements performed by the
authors, fluctuation characteristic is assumed to
most probably contain information of extreme im-
portance related to the bioaffinity of audio signals,
and continued systematic data accumulation will
be useful in the future as well.
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Table 1 Specific contents of audio signals shown in Fig. 5.
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3. FLUCTUATION SPECTRAL
DENSITIES FOR NATURAL
PHENOMENA

Here, results of spectral density analyses related
to “ridgelines of mountains” and “a breath of
wind”’ are shown as an example of the fluctuation
characteristic of general natural phenomena.

Figure 6 shows the ridgeline of the whole somma
of a well-known caldera volcano (Mt. Aso) in Japan.
When the power spectral density is determined from
the ridgeline waveform as a time series signal, a
gentle waveform descending to the right is obtained
as shown in Fig. 7. Figure 7 shows the typical
1/f* characteristic (n= —2) of audio signals which
induce relaxation and drowsiness. This is quite an
interesting result when considered together with the
grand and gentle shape of this mountain.
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Fig. 6 The somma ridgeline of “Mt. ASO”
in Kumamoto Japan.
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Fig. 7 Power spectral density for the
somma ridgeline of “Mt. ASO.”
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Fig. 8 Relative wind velocity of breeze
observed in the woods of Karuizawa
Japan.
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Fig. 9 Power spectral density for wind
velocity of breeze in Karuizawa.

On the other hand, Fig. 8 shows a relative wind
velocity, displayed as a time series signal for 20 min,
of breeze observed in the woods of Karuizawa.
Figure 9 is the power spectral density, presenting a
gentle and simple decreasing waveform with n=
—1.6. This value of n= — 1.6 corresponds to f—%/2
(a spectrum of soft breeze) which is known well in
the field of fluid dynamics, and this can be said to
be a typical example showing that a comfortable
natural fluctuation is not always equal to 1/f.

Above, two sample measurements of fluctuation
characteristic related to natural phenomena other
than sound were introduced. Each of these cases
shows a simple and clear fluctuation characteristic
(power spectral density) regardiess of its complica-
tion of original waveform, and it can be considered
an indication that fluctuation characteristic rep-

resents important characteristics of the natural
fields.

4. DISCUSSION ON FLUCTUATION
MEASUREMENT FOR ENVIRONMENT
EVALUATION

Beginning with a study done by R.F. Voss and
J. Clarke,? many researchers have shown interest
in fluctuating characteristic, and useful data has
been accumulated so far. However, the fluctuation
characteristic which is the power spectral density of
the fluctuation, expresses only one aspect of fluctuat-
ing phenomena, and so it is necessary to clarify
the “center of fluctuation (average value)” and the
“amplitude of fluctuation” in addition to the fluctua-
tion characteristic in order to reproduce the fluctuat-
ing phenomena in another space. Moreover, in the
fluctuation, in addition to the amplitude (audio
power) fluctuation and the frequency fluctuation
presented by Voss, there is an interval fluctuation
of intermitted physical phenomenon (i.e., ““a period
fluctuation’) which is represented by the fluctua-
tions of calls of various birds and of the heartbeat
cycle. T. Musha,® a noted researcher in this field
in Japan, has found a quite interesting phenomenon
on biological period fluctuation in which the fluctua-

_tion of time interval for heartbeat, spontaneous spike

discharge of a newron and a free clapping rhythm
show 1/f characteristic in many cases. However,
the data accumulation on the period fluctuations
has been delayed compared with the former two.
The reason that the fluctuation characteristic is
expected to have significance as an index of environ-
ment evaluation is because the safety performance
of the natural field, such as information related to
peace and safety, natural calamity, attack of an
enemy, efc., is thought to be included in the fluctua-
tion characteristic and it is thought that the mem-
ories are written deep in human’s brains. Con-
sequently, in regard to the fluctuation characteris-
tic measurement for environment evaluation, it is
considered importance to specify the meaning of
any objective physical quantity viewed from the
living bodies’ standpoint. From this viewpoint, the
fluctuation measurement of audio signals contains
various problems such as (1) necessity or lack there-
of of auditory sense adjustment of input signal, (2)
relationship of audio power (square sound pressure)
and loudness, (3) appropriateness of the frequency
fluctuation measurement using zero cross rate, and
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(4) method of determining fluctuation coefficients n
(range of a fluctuation frequency to be focused on),
etc.

Because of the present situation described above,
it is necessary to try to solve various problems in the
systematic accumulation of fluctuation character-
istic data and in the fluctuation measurement tech-
nics. The measurement means of the fluctuation
characteristic has a very important meaning in pro-
moting these. Thus, the authors have reached the
idea of developing a ‘‘fluctuation analyzer” which
is applicable to each of these three measurement
items, namely ‘“amplitude fluctuation,” ‘‘frequency
fluctuation,” and “period fluctuation” and simul-
taneously operates and display three fluctuation
parameters of ‘“fluctuation characteristic,” “fluctua-
tion center” and ‘‘size of fluctuation.” Also, this
fluctuation analyzer is designed with consideration
for measurement of other various phenomena be-
side sound, based on experience in measuring the
fluctuation characteristic associated with mountain
ridges and a breath of wind.

S. HARDWARE IMPLEMENTATION
OF FLUCTUATION ANALYZER

Here, the function and composition of the “fluc-
tuation analyzer,” which the authors have begun
developing recently, are described.

Analog ~
Unit >|1/F Board[—>

log Input
Analog Inpu (Internal)
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The construction of a personal computer-based
digital fluctuation analyzer is shown in Fig. 10. It
consists of two major parts: the host computer unit
and the analog unit which intercommunicates
through the I/F board.

Figure 11 shows the block diagram of this fluctua-
tion analyzer. The analog unit contains two analog
processing systems: one is used for obtaining the
fluctuation of audio power or the fluctuation of
event-time interval (period fluctuation), and the
other is used for obtaining the fluctuation of fre-
quency. The analog input signal is converted by
the 16-bit A/D converter or the counter into the
digital form and sent to the PC through the I/F
board. The coefficients of fluctuation are calculated
from the inclinations of the power spectral density
of the signal, which is computed by FFT method by
applying the method of least squares, and other
statistical values such as mean value and standard
deviation of fluctuations are also computed.

The processed input signal and the computed
results can be monitored by the display unit, and
they are also recorded by the printer connected to
the PC. The processing descriptions for three
types of fluctuation, fluctuation of audio power,
fluctuation of frequency and fluctuation of event-
time interval (period fluctuation), are shown in
Figs. 12, 13 and 14.

Printer
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Fig. 10 Construction of a PC-based fluctuation analyzer.
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Fig. 11 Block diagram of the fluctuation analyzer.
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Fig. 12 Processing description for the fluctuation of audio power.
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Fig. 14 Processing description for the fluctuation of event-time interval.

6. CONCLUSION

Examples of fluctuation characteristic measure-
ment for environment evaluation were introduced
and various problems related to the fluctuation
characteristic measurement were examined. Also,
for the last, the function and composition of a
special measurement system dedicated to the fluctua-
tion characteristic, the fluctuation analyzer, which
the authors have recently started developing to
support these studies, were described.

The attempt to evaluate the environment through
research using the fluctuation characteristic has just

started recently, and it contains many subjects to be
solved. For the future, the role of measurement
means is very important for developing the study of
this area.

The fluctuation analyzer which is now under
development is a computer-based digital system,
and it will provide high adaptability, high accuracy,
and highly efficient means for analyzing the fluctuat-
ing behavior of sound. Through measurements of
acoustic environment using this fluctuation ana-
lyzer, more findings than ever can be expected.
Moreover, it can be expected that this fluctuation
analyzer will be applied not only in the acoustic
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field but also in all field of environmental engineer-
ing including temperature and heat, scenery, wind,
flavor, etc.
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