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Natural sound playback apparatus.

@ A natural sound playback apparatus com-
prises a sound material memory (1) for storing a
plurality of natural sounds, a plurality of fluctu- ©
ation timing simulators (2) for creating playback
timings of natural sounds, at least two data
readers (3) for reading natural sounds stored in
the sound material data, at least two natural
sound playback sections (4) for playing back
natural sounds, a priority memory (6) for storing
the priority order among natural sounds and an
output channel controller (7) for outputting
natural sounds responsive to their playback
timings and their priority data. Preferably the
natural sound playback apparatus has Lch and
Rch speakers (18) controlled by LR volume
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The present invention relates to a natural sound
playback apparatus that is suitable for creating relax-
ation space in an office or residence.

Among various sounds in our life space are hu-
man voices, the rings of telephone bells, sounds gen-
erated by cars or trucks, and sounds from neighbor
residences, which usually give us mental stresses
and distract our concentration. In order to prevent
damages caused by the noise, there have been meth-
ods of insulating the noise and methods of masking
uncomfortable sounds by other sounds. A typical ex-
ample of the latter method is so called Background
music (BGM). However, BGM has an individual melo-
dy, and we have different likes and dislikes, so that
it is difficult to please everyone. As a result, natural
sounds such as the murmur of a brook and a song of
a bird have been recently widely used. These natural
sounds have natural fluctuation characteristics, for
example the ones generally called 1/f fluctuation
characteristics. The characteristics are known to
have effects of relaxing people. However, it is said
that if recorded natural sounds are repeatedly played
back, human senses can perceive a periodicity.
Therefore, we feel soon uncomfortable caused by the
perception of the periodicity. In order to eliminate the
feeling of repetition, a method of artificially creating
1/f characteristics and generating intermittent natural
sounds like a song of a bird by controlling playback
timing has been used to arouse naturalness. Further,
a plurality of natural sounds are sometimes combined
for playback to augment naturalness.

In the following is described an example of a prior
natural sound playback apparatus. Fig. 7 is a block di-
agram showing the construction of a prior natural
sound playback apparatus. In Fig. 7, a plurality of in-
termittent natural sounds having inherent unit lengths
such as notes of a cuckoo or a warbler and the sound
of waves are stored as sound material data pieces 1a,
1b, 1¢, - in a sound material data memory 1. Here,
each natural sound has its inherent 1/f fluctuation
characteristic. A 1/f fluctuation timing generator 2a
simulates the inherent 1/f characteristic of the sound
material data piece 1a to create its playback timing.
1/f fluctuation timing generators 2b, 2¢, - similarly
simulate the inherent 1/f characteristics of the sound
material data pieces 1b, 1c¢, --- to create their playback
timing. In this way, each 1/f fluctuation timing gener-
ator one-to-one corresponds to each sound material
data piece stored in sound material memory 1. Adata
reader 13a reads the sound material data piece 1a
from sound material memory 1, when playback timing
generated by 1/f fluctuation timing generator 2a oc-
curs. Data readers 13b, 13c, - similarly correspond
to 1/f fluctuation timing generators 2b, 2¢, ---, so that
the number of data readers is the same as the number
of sound material data pieces stored in sound material
memory 1. A natural sound playback section 14a
plays back a signal read by data reader 13a. Natural
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sound playback sections 14b, 14c, --- similarly corre-
spond to datareaders 13b, 13¢, ---, so that the number
of natural sound playback sections is the same as the
number of sound material data pieces stored in sound
material memory 1. The outputs from the plurality of
natural sound playback sections are combined to out-
put a composite signal from a composite output de-
vice 5.

The control shown by a flowchart of Fig. 8 is per-
formed with the above construction. For simplicity, an
example of control for the sound material data piece
1a is described in the following. First, in Step 21, 1/f
fluctuation timing generator 2a judges if a natural
sound playback switch, which is not shown in Fig. 7,
has been turned on by a user. If the switch is on, the
control proceeds with Step 22, and if not, the control
is on stand-by. In Step 22, 1/f fluctuation timing gen-
erator 2a starts the generation of playback timing for
the sound material data piece 1a. In Step 23, 1/f fluc-
tuation timing generator 2a counts time. In Step 24,
1/f fluctuation timing generator 2a tests whether the
counted time becomes the time when the sound ma-
terial data piece 1a is played back. If the counted time
is the time when the sound material data piece 1a is
played back, then the control proceeds with Step 25,
and if it is not, the control returns to Step 23 to con-
tinue the counting. In Step 25, data reader 13a reads
the sound material data piece 1a from sound material
memory 1 to send the read signal data to natural
sound playback section 14a. In Step 26, natural
sound playback section 14a plays back the signal
data sent from data reader 13a to form a played-back
signal for composite output device 5. In Step 27, 1/f
fluctuation timing generator 2a judges if the natural
sound playback switch has been turned off by a user.
If the switch is off, the control is terminated, and if not,
the control proceeds with Step 22 to start the gener-
ation of the timing for the next playback. Control sim-
ilar to the one shown in Fig. 8 is performed in parallel
for other sound material data pieces stored in sound
material memory 1, and composite output device 5
combines the played-back signals to output a compo-
site signal.

Fig. 9 shows an example of a plurality of natural
sound played-back signals. If the sound material data
pieces 1a, 1b, and 1¢ shown in (a) of Fig. 9 are stored
in sound material memory 1, then 1/f fluctuation tim-
ing generator 2a generates 1/f fluctuation timing as
shown in (b) of Fig. 9 based on a 1/f fluctuation char-
acteristic set for the sound material data piece 1a, and
natural sound playback section 14a obtains a natural
sound shown in (¢) of Fig. 9. Similarly, as shown in
(d), (e), (f) and (g) of Fig. 9, natural sound playback
sections 14b and 14¢ obtain natural sounds respec-
tively corresponding to the sound material data
pieces 1b and 1c. Therefore, in the composite output
of these three played-back natural sounds, the out-
puts from natural sound playback sections 14a and
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14b are simultaneously played back to be heard at the
timing point (1) for the sound material data pieces 1a
and 1b. Similarly, the outputs from natural sound
playback sections 14a, 14b, and 14c¢ are simultane-
ously played back to be heard at the timing point (3)
for the sound material data pieces 1a, 1b, and 1c.

In the above prior construction, a plurality of
natural sounds are generated in various combina-
tions, so that sound of great naturalness is certainly
created. However, playback channels as many as the
number of natural sounds to be combined are neces-
sary, so that the construction becomes complex and
expensive.

Further, played-back natural sounds are mono-
phonic in the above prior construction, so that the dis-
tance of a sound source can be represented by loud-
ness, but the direction of a sound source can not be
represented. In order to solve this problem, we can
consider a method of adding a plurality of output sec-
tions to the above construction and horizontally ar-
ranging a plurality of speakers to output through dif-
ferent speakers by selecting an output section ateach
playback timing point for each natural sound. How-
ever, the construction becomes complex and large-
scaled, and the locations from which natural sounds
are heard are limited by the number of speakers.

According to a first aspect of this invention, a
natural sound playback apparatus comprises a sound
material memory that stores m kinds of natural
sounds as m sound material data pieces, m fluctu-
ation simulators that create playback timing for natu-
ral sounds by simulating fluctuation in nature de-
pending on each sound material piece, n data readers
that read a specified sound material data piece from
the sound material memory with specified timing,
where m > n are positive integers, n natural sound
playback sections that play back each signal read by
each data reader, a priority memory that stores the
priority order of sound material pieces, and an output
channel controller that monitors playback timings
generated by m fluctuation simulators and, if some
playback timing occurs, judges the operational states
of the n data readers to assign the playback timing
and corresponding sound material data pieces to idle
datareaders. Further, if playback timing for more than
n sound material data pieces simultaneously occurs,
then the output channel controller selects n sound
material data pieces of higher priorities based on the
priority order stored in the priority order memory.

According to a second aspect of the invention, a
natural sound playback apparatus comprises a sound
material memory that stores a plurality of natural
sounds as sound material data pieces, a 1/f fluctu-
ation timing generator that creates playback timing
for natural sounds depending on 1/f fluctuation inher-
ent in each sound material piece, a data reader that
reads a specified sound material data piece from the
sound material memory with specified timing, a natu-
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ral sound playback section that plays back the signal
data read by the data reader, a 1/f fluctuation volume
level generator that obtains output volume at each
playback timing point based on 1/f fluctuation inher-
ent in the sound material, a volume controller that
controls the magnitude of the signal played back by
the natural sound playback section based on a value
obtained by the 1/f fluctuation level generator, an LR
volume generator that obtains the balance of volume
between left and right to output natural sound through
two left and right speakers, an LR (left and right) vol-
ume controller that creates, from the signal output
from the volume controller, a signal output through a
left speaker and a signal output through aright speak-
er, based on the balance of volume between left and
right obtained by the LR volume generator, and Lch
(left channel) output devices and Rch (right channel)
output devices that output played-back sounds for left
and right.

Further, in another natural sound playback appa-
ratus in accordance with the present invention, the
above 1/f fluctuation volume level generator and LR
volume generator are combined into one unit, and the
LR volume controller additionally performs the func-
tion of the volume controller.

Preferably, an output channel controller monitors
playback timings generated by m fluctuation simula-
tors to assign specific sound material data pieces to
be played back to idle data readers by judging the op-
erational states of n data readers and to assign n
sound material pieces of higher priorities if playback
timing points for more than n sound material data
pieces coincide. Consequently, more than n kinds of
natural sound can be combined using n playback
channels to output composite sounds of great natur-
alness.

Preferably, a 1/f fluctuation controller controls
the balance of volume between left and right, in proc-
essing playback timing and sound volume to play
back natural sounds, based on 1/f fluctuation. Con-
sequently, natural sounds of great naturalness can
be played back by letting natural sounds such as
notes of birds and insects be heard from various lo-
cations at left and right using only two left and right
speakers.

Preferred embodiments of the present invention
will now be described with reference to the accompa-
nying drawings throughout which like parts are des-
ignated by like reference numerals, and in which:

Fig. 1 is a block diagram of an natural sound play-
back apparatus of a first embodiment in accordance
with the present invention.

Fig. 2 is a flowchart showing the operation of the
first embodiment.

Fig. 3 is a timing chart showing an example of op-
erational signals and a played-back signal in the first
embodiment.

Fig. 4 is a block diagram of an natural sound play-
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back apparatus of a second embodiment in accor-
dance with the present invention.

Fig. 5 is a flowchart showing the operation of the
second embodiment.

Fig. 6 shows waveforms of an exemplary played-
back signal in the second embodiment.

Fig. 7 is a block diagram of an natural sound play-
back apparatus of a prior art.

Fig. 8 is a flowchart showing the operation of the
playback apparatus of the prior art.

Fig. 9 is a timing chart showing an example of op-
erational signals and a played-back signal in the play-
back apparatus of the prior art.

The preferred embodiments according to the
present invention will be described below with refer-
ence to the attached drawings.

A first embodiment in accordance with the pres-
ent invention is described in the following with refer-
ence to Figs. 1 to 3. In Fig. 1, which is a block diagram
showing the construction of a natural sound playback
apparatus of the first embodiment, components hav-
ing the same functions as the prior apparatus shown
in Fig. 7 are denoted by the same symbols and their
descriptions are simplified. In particular, a sound ma-
terial memory 1, which functions as the same as the
prior apparatus, stores similar sound material data
pieces 1a, 1b, - . Fluctuation simulators that simu-
late fluctuation in nature, that is, 1/f fluctuation timing
generators 2a, 2b, --- one-to-one correspond to sound
material data pieces 1a, 1b --- .

The present embodiment has a first data reader
3a and second data reader 3b, which read sound ma-
terial data pieces with timing determined by a means
described later. The signal read by first data reader 3a
is played back by a first natural sound playback sec-
tion 4a, and the signal read by second data reader 3b
is played back by a second natural sound playback
section 4b. Then a composite output device 5 com-
bines outputs of first and second natural sound play-
back sections 4a and 4b to output a composite signal.
A priority order memory 6 stores the priority order of
the sound material data pieces. An output channel
controller 7 monitors playback timings generated by
1/ fluctuation timing generators 2a, 2b, --- . When
some playback timing occurs, output channel control-
ler 7 judges the operational states of the two data
readers 3a and 3b to assign the playback timing and
corresponding sound material data pieces to idle data
readers. Further, if playback timing for more than two
sound material data pieces simultaneously occurs,
then output channel controller 7 selects sound mate-
rial data pieces of higher priorities based on the pri-
ority order stored in priority order memory 6.

The operation of the natural sound playback ap-
paratus constructed as above is described in the fol-
lowing with reference to a flowchart shown in Fig. 2.
In Step 1 of the flowchart, 1/f fluctuation timing gen-
erator 2a, 2b, --- judges if a natural sound playback
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switch, which is not shown in Fig. 1, has been turned
on by a user. If the switch is on, the control proceeds
with Step 2, and if not, the control is on stand-by. In
Step 2, 1/ffluctuation timing generators 2a 2b, - start
the generation of playback timing for the sound ma-
terial data pieces 1a, 1b, --- . In step 3, 1/f fluctuation
timing generators 2a, 2b --- count time. In Step 4, 1/f
fluctuation timing generators 2a, 2b, --- test whether
the counted time becomes the time when some
sound material data piece is played back. If the count-
ed time is the time when some sound material data
piece is played back, then the control proceeds with
Step 5, and if it is not, the control returns to Step 3 to
continue the counting. In Step 5, output channel con-
troller 7 judges if playback timing for more than one
kind of sound material has simultaneously occurred.
If playback timing for more than one kind of sound ma-
terial has occurred, then the control proceeds with
Step 6; otherwise the control proceeds with Step 7.

In Step 6, output channel controller 7 determines
the priority order of sound material data pieces for
which playback timing has occurred based on the pri-
ority order stored in priority order memory 16. In Step
7, output channel controller 7 judges if first data read-
er 3ais busy; if it is not, then the control proceeds with
Step 8, and otherwise the control proceeds with Step
13. In Step 8, output channel controller 7 assigns a
sound material data piece of the higher priority to first
data reader 3a. In Step 9, first data reader 3a reads
the selected sound material data piece from sound
material memory 1 to send the read signal data to first
natural sound playback section 4a. In Step 10, first
natural sound playback section 4a plays back the sig-
nal data sent from first data reader 3a to send the
played-back signal to composite output device 15.

In Step 11, output channel controller 7 monitors
each 1/f fluctuation timing generator 2a, 2b, 2¢, - to
judge if there are sound material data pieces to be si-
multaneously played back. If there is no need for si-
multaneous playback, the control proceeds with Step
12; otherwise the control proceeds with Step 13. In
Step 12, each 1/f fluctuation timing generator judges
if the natural sound playback switch has been turned
off. If the switch is off, then the control is terminated,
and if the switch is not off, then the control returns to
Step 2, and each timing generator starts the genera-
tion of the next playback timing for each sound mate-
rial data piece. In Step 13, output channel controller
7 selects a sound material data piece for second data
reader 3b. In Step 15, second data reader 3b reads
the selected sound material data piece from sound
material memory 1 to send the read signal data to
second natural sound playback section 4b. In Step
16, second natural sound playback section 4b plays
back the signal data sent from second data reader 3b
to send the played-back signal to composite output
device 15.

Fig. 3 shows an example of a played-back signal
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of the present embodiment. If the sound material data
pieces 1a, 1b, 1¢ shown in (a) of Fig. 3 are stored in
sound material memory 1, and if the priority order is
in the order of 1a, 1b, 1¢, then as shown in (b), (c) and
(d) of Fig. 3, playback timing is generated based on
a predetermined 1/f fluctuation characteristics for
each sound material data piece. Whenever a play-
back timing occurs, output channel controller 7 judg-
es if each of first and second data readers 3a and 3b
is busy to assign corresponding sound material data
pieces to idle data readers. For example, the sound
material data piece 1a is assigned to first data reader
3a at the timing point (1), and the sound material data
piece 1b is assigned to second data reader 3b, since
first data reader is busy.

At each of the timing points (3), (4), (56), a sound
material data piece is assigned to first data reader 3a.
At the timing points (7), (8), (9), playback timing for
three sound material data pieces occur at the same
time, so that the sound material data pieces of higher
priorities 1a and 1b are respectively assigned to first
data reader 3a and second data reader 3b. Therefore,
at the timing point (9), the sound material data pieces
1cis not played back, unlike the prior example. How-
ever, if too many sounds are simultaneously heard,
they may be hard to perceive. Therefore, even if the
number of simultaneously played back sounds are
limited to two, naturalness is not much damaged.

As described above, in combining more than
three kinds of natural sounds, output channel control-
ler 7 assigns sound material pieces to idle playback
channels of two playback channels, and if more than
two playback timing points occur at the same time,
output channel controller 7 assigns sound material
data pieces of higher priorities based on a predeter-
mined priority order stored in priority order memory 6.
In this way, composite sounds of great naturalness
can be produced by means of only two playback
channels.

In the present embodiment, the number of play-
back channels have been two, but the number of play-
back channels does not have to be limited to two and
can be three or four. In general, if the number of play-
back channels is fewer than the number of sound ma-
terial data pieces, then the effects of the present in-
vention are obtained.

Further, the fluctuation rhythms are not limited to
1/f fluctuation. Greater naturalness may be obtained
as aresult of applying other fluctuation rhythms to the
present embodiment by simulating nature through
experiments. Only playback timing has been fluctu-
ated in the present embodiment. However, fluctu-
ation may also be generated for the volume and tone
of sound. In this case, if data for level fluctuation and
tone fluctuation are added to 1/f fluctuation timing
generators besides timing data, and if natural sound
playback sections are modified to be able to vary vol-
ume and tone, then the fluctuation of volume and tone
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can be realized.

As described above, a natural sound playback
apparatus of the presentinvention comprises a sound
material memory that stores m kinds of natural
sounds as m sound material data pieces, m fluctu-
ation simulators that create playback timing for natu-
ral sounds by simulating fluctuation in nature de-
pending on each sound material piece, n datareaders
that read specified sound material data pieces from
the sound material memory with specified timing, n
natural sound playback sections that play back each
signal read by each data reader, a priority memory
that stores the priority order of sound material data
pieces, and an output channel controller that monitors
playback timing generated by m fluctuation simula-
tors and, if some playback timing occurs, judges the
operational states of the n data readers to assign the
playback timing and corresponding sound material
data pieces to idle data readers. Further, if playback
timing for more than n sound material data pieces si-
multaneously occurs, then the output channel con-
troller selects n sound material data pieces of higher
priorities based on the priority order stored in the pri-
ority order memory.

By this construction, in case of combining more
than two kinds of natural sounds, sound material data
pieces to be played back are assigned to idle ones of
two playback channels, and if playback timing for
more than two sound material data pieces simultane-
ously occurs, sound material data pieces of higher pri-
orities are assigned, so that composite sound of great
naturalness can be produced, for example, by means
of only two playback channels. Further, composite
sound of greater naturalness can be produced with-
out enlarging circuitry by using natural sounds of
kinds more than the limited number of playback chan-
nels.

A second embodiment in accordance with the
present invention is described in the following with
reference to Figs. 4 to 6. In Fig. 4, which is a block di-
agram showing the construction of a natural sound
playback apparatus of the second embodiment, com-
ponents having the same functions as the prior appa-
ratus shown in Fig. 7 are denoted by the same sym-
bols and their descriptions are simplified. A 1/f fluc-
tuation controller 13 has a timing generator 13a, a
volume level generator 13b, and an LR volume gen-
erator 13¢ that obtains the balance of volume be-
tween left and right, based on 1/f fluctuation, to out-
put natural sounds through two left and right speak-
ers. The present embodiment has an LR volume con-
troller 17 that creates, from a signal output from a vol-
ume controller 6, a signal to be output from the left
speaker and a signal to be output from the right
speaker based on the balance between left and right
obtained by LR volume generator 13c. The present
embodiment also has an Lch output device 18a and
Rch output device 18b that respectively output two
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played-back sounds for left and right.

The operation of the natural sound playback ap-
paratus constructed as above is described in the fol-
lowing with reference to a flowchart shown in Fig. 5.
In the figure, steps 1 through 7 are the same as Step
21 to Step 26 of the prior art, so that their descriptions
are omitted. In Step 8, 1/f fluctuation controller 3 va-
ries the magnitude of a played-back signal based on
a value sent from volume level generator 13b and
send the modified playback signal to LR volume con-
troller 7. In Step 9, LR volume generator 13c obtains
the balance of volume between left and right for the
sound material data 2a to be currently played back
and sends the balance to LR volume controller 17. In
step 10, LR volume controller 17 creates two signals
from the played-back signal depending on a value
sent from LR volume generator 13c¢ to send the signal
to be output from left to Lch output device 18a and
send the signal to be output from right to Rch output
device 18b.

In Step 11, Lch output device 18a and Rch output
device 18b respectively outputs signals sent from LR
volume controller 17 to audio systems (not illustrated)
such as speakers. In Step 12, 1/f fluctuation control-
ler 13 judges if key switch for terminating the playback
of natural sound has been turned on. If the key switch
is turned on, the playback is terminated; otherwise
the control returns to Step 2 and the next playback
timing is generated.

Fig. 6 shows an example of played-back signal of
natural sounds. Since the process until the playback
level of natural sounds is controlled is the same as the
prior art, the signal obtained after playback level is
controlled is the same as the signal shown in (c) of
Fig. 9 and now shown in (a) of Fig. 6. (c) of Fig. 6
shows the balance of volume between left and right
generated by LR volume generator 13c¢. For example,
if the central level is 1, at the timing point (1), both left
and right levels are 1. At the timing point (2), the left
level is 1.4 and the right level is 0.6. The Lch output
signal shown in (c) of Fig. 6 is obtained by multiplying
the signal obtained after playback level control by the
Lch level shown in (b) of Fig. 6. For example, the level
of the signal shown in (a) of Fig. 6 is multiplied by 1
at the timing point (1), and the level of the signal
shown in (a) of Fig. 6 is multiplied by 1.4 at the timing
point (2). Similarly the Rch output signal shown in (d)
of Fig. 6 is obtained by multiplying the signal obtained
after playback level control by the Rch level shown in
(b) of Fig. 6. For example, the level of the signal
shown in (A) of Fig. 6 is multiplied by 1 at the timing
point (1), and the level of the signal shown in (a) of Fig.
6 is multiplied by 0.4 at the timing point (2).

Next, a variation of the second embodiment is de-
scribed in the following. Volume level generator 13b
and volume controller 6 in Fig. 4 are removed from the
second embodiment for the variation. Further, the
function of LR volume generator 13c is enhanced to
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generate data obtained by combining the data indicat-
ing the balance of volume between left and right and
the data indicating the volume level generated by vol-
ume level generator 13b in the second embodiment.
In the flowchart of Fig. 5, Steps 7 and 8 are removed,
and In Step 9, volume level is also set as well as vol-
ume balance. By these modifications, functions sim-
ilar to those in the second embodiment are imple-
mented in a simpler construction.

As described above, the second embodiment
and its variation can produce natural sound of great
naturalness by letting notes of birds and insects be
heard from various locations at right and left using
only two left and right speakers.

One kind of sound material has been used in the
above descriptions. However, several kinds of sound
material can be used for similar processing.

Further, timing generator 13a, which functions
the same as timing generator 13a of the prior appa-
ratus, generates data counted in Step 3. However,
timing generator can generates an instruction for call-
ing the sound material data piece 2a at each playback
timing point. In this case, Step 2 is an instruction of
starting the generation of timing, Step 3 is skipped,
and Step 4 tests if the call instruction has been is-
sued.

Still further, in the present embodiment and its
variation, an analog signal obtained by digital-to-ana-
log conversion has been used for volume control and
balance control. However, a digital signal before the
conversion can be used for the control.

As described above, a natural sound playback
apparatus of the presentinvention comprises a sound
material memory that stores a plurality of natural
sounds as sound material data pieces, a 1/f fluctu-
ation timing generator that creates playback timing
for natural sounds depending on 1/f fluctuation inher-
ent in each sound material data piece, a data reader
that reads a specified sound material data piece from
the sound material memory with specified timing, a
natural sound playback section that plays back the
signal data read by the data reader, a 1/f fluctuation
volume level generator that obtains output volume at
each playback timing point based on 1/f fluctuation
inherent in each sound material data piece, a volume
controller that controls the magnitude of the signal
played back by the natural sound playback section
based on a value obtained by the 1/f fluctuation level
generator, an LR volume generator that obtains the
balance of volume between left and right to output
natural sound through two left and right speakers, an
LR volume controller that creates, from the signal out-
put from the volume controller, a signal output
through a left speaker and a signal output through a
right speaker, based on the balance of volume be-
tween left and right obtained by the LR volume gen-
erator, and Lch output devices and Rch output devic-
es that output played-back sounds for left and right.
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Here some of the above components can be com-
bined to simplify the construction. As a result, when
each natural sound is played back, the volume bal-
ance of the sounds output from two left and right
speakers is controlled based on 1/f fluctuation, so
that natural sounds such as notes of birds and insects
can be heard from various locations at left and right,
and natural sound of great naturalness can be ob-
tained by a simple construction.

Claims

1. A natural sound playback apparatus comprising:

a sound material memory that stores m

kinds of natural sounds as m sound material data
pieces, where m is an integer larger than one;

m fluctuation simulators that create play-
back timings for natural sounds by simulating
fluctuation in nature depending on correspond-
ing sound material data pieces;

n data readers thatread a specified sound
material data piece from said sound material
memory with specified timing, where n is a pos-
itive integer smaller than m;

n natural sound playback sections that
play back signal data read by each data reader;

a priority memory that stores the priority
order of said m sound material pieces; and

an output channel controller that monitors
playback timings generated by said m fluctuation
simulators and, if some playback timing occurs,
judges the operational states of said n data read-
ers to assign said playback timing and corre-
sponding sound material data pieces to idle data
readers,

said output channel controller selecting n
sound material data pieces of higher priorities
based on the priority order stored in said priority
order memory, if playback timing for more than n
sound material data pieces simultaneously oc-
curs.

2. The natural sound playback apparatus defined in
claim 1 wherein each of said sound material data
pieces represents an intermittent natural sound
having a definite length.

3. The natural playback apparatus defined in claim
1 wherein each of said fluctuation simulators is a
1/f fluctuation timing generator that creates play-
back timing for natural sounds based on 1/f fluc-
tuation inherent in the corresponding one of said
sound material pieces.

4. A natural sound playback apparatus comprising:
a sound material memory that stores a
plurality of unit natural sounds as sound material
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data pieces,

a 1/f fluctuation timing generator that cre-
ates playback timing for natural sounds depend-
ing on 1/f fluctuation inherent in each of said
sound material data pieces,

a datareader that reads a specified sound
material data piece from said sound material
memory with specified timing,

a natural sound playback section that
plays back the signal data read by said data read-
er,

a 1/f fluctuation volume level generator
that obtains output volume at each playback tim-
ing point based on 1/f fluctuation inherent in each
of said sound material pieces,

a volume controller that controls the mag-
nitude of the signal played back by said natural
sound playback section, based on a value ob-
tained by said I/f fluctuation level generator,

an LR volume generator that obtains the
balance of volume between left and right to out-
put natural sound through two left and right
speakers,

an LR volume controller that creates, from
the signal output from said volume controller, a
signal output through a left speaker and a signal
output through a right speaker, based on the bal-
ance of volume between left and right obtained
by said LR volume generator,

and an Lch output device and Rch output
device that output played-back sounds for left
and right.

A natural sound playback apparatus selected
from the natural playback apparatus defined in
claim 4 wherein the digital data read from said
sound material memory by said data reader is
converted to analog data before being processed
further.

A natural sound playback apparatus selected
from the natural playback apparatus defined in
claim 4 wherein the digital data read from said
sound material memory by said data reader is
processed further without being converted to
analog data.

A natural sound playback apparatus comprising:

a sound material memory that stores a
plurality of unit natural sounds as sound material
data pieces,

a 1/f fluctuation timing generator that cre-
ates playback timing for natural sounds depend-
ing on 1/f fluctuation inherent in each of said
sound material data pieces,

a datareader that reads a specified sound
material data piece from said sound material
memory with specified timing,
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a natural sound playback section that
plays back the signal data read by said data read-
er,

an LR volume generator that obtains the
balance of volume between left and right and out-
put volume to output natural sound through two
left and right speakers at each playback timing
point,

an LR volume controller that creates, from
the signal output from said volume controller, a
signal output through a left speaker and a signal
output through a right speaker, based on the bal-
ance of volume between left and right and output
volume obtained by said LR volume generator,

and an Lch output device and Rch output
device that output played-back sounds for left
and right.

A natural sound playback apparatus selected
from the natural playback apparatus defined in
claim 7 wherein the digital data read from said
sound material memory by said data reader is
converted to analog data before being processed
further.

A natural sound playback apparatus selected
from the natural playback apparatus defined in
claim 7 wherein the digital data read from said
sound material memory by said data reader is
processed further without being converted to
analog data.
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