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(57) A closed space sound system includes: a speak-
er system that is located in an closed space and that
includes one or more speaker units; a storage unit that
stores a plurality of sound sources generated in nature;
and a sound-field control unit that combines and plays

back two or more of the plurality of sound sources and
causes a sound signal based on the combined two or
more sound sources to be radiated from the speaker sys-
tem to the closed space
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Description

Technical Field

[0001] The present disclosure relates to a closed
space sound system that radiates sound to a closed
space such as an internal space of a car of an elevator.

Background Art

[0002] In a car of an existing elevator, a speaker is
installed as an audio guide for a passenger in the car.
Also, in the car, an interphone is installed to allow, in case
of emergency, the passenger to speak to a person who
is present outside the car. The speaker and the inter-
phone are provided, for example, at a car operation pan-
el.
[0003] Furthermore, of existing elevators, some pro-
posed elevators put background music (BGM) in the car
in addition to the audio guidance (see, for example, Pat-
ent Literature 1). In such a type of elevator, a single
speaker and a BGM playback device that plays back
BGM are installed.
[0004] In the elevator described in Patent Literature 1,
when a passenger listens to a currently played back BGM
while the elevator is traveling, if he or she wants to listen
to the BGM from the beginning thereof, he or she can
have the BGM played back from the beginning by press-
ing a door opening button once. By contrast, if the pas-
senger does not like the BGM, and thus wants to skip
the BGM and listen to the next BGM, he or she can have
the next BGM played back from the beginning by pressing
a door closing button once while the elevator is traveling.
Furthermore, if the passenger does not want to listen to
the currently played back BGM, he or she can stop the
playback by pressing the door opening button twice or
more in series while the elevator is traveling.
[0005] In an elevator described in Patent Literature 2,
a plurality of speakers are arranged at regular intervals
in a vertically linear fashion. In this elevator, for example,
when a car travels upward, the speakers successively
output sound signals from the uppermost one of the
speakers to the lowermost one thereof. Thus, a passen-
ger in the car feels that the sound signals move down-
ward. On the other hand, when the car travels downward,
the speakers successively output sound signals from the
lowermost speaker to the uppermost speaker. Thus, the
passenger feels that the sound signals move upward. In
such a manner, since the speakers successively output
sound signals in the above manner, the elevator can
make the passenger feel that the elevator is traveling
upward or traveling downward. Therefore, even a visually
challenged passenger recognize in which direction the
elevator is traveling.
[0006] In general, the internal space of the car of an
elevator is required to be kept sealed and silent to some
degree. The same is true of other spaces such as in-car
spaces of means of transportation such as trains, buses,

taxis or waiting spaces such as waiting rooms of hospitals
and pharmacies. In such a specific and narrow closed
space that is different from an ordinary living space, a
person cannot have a conversation his or her own way,
as he or she is with persons with whom he or she is
unacquainted. As a result, in many cases, when a person
is present in such a space, he or she experiences "awk-
wardness" and "discomfort", from which stress arises.

Citation List

Patent Literature

[0007]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2009-35340
Patent Literature 2: Japanese Patent No. 5322607

Summary of Invention

Technical Problem

[0008] In Patent Literature 1, since operation buttons
in the elevator are used to play back or stop BGM, a
passenger can freely control the playback and stop of
the BGM by pressing the operation buttons. Therefore,
in some cases, some passengers may mischievously
play back BGM as they please. In that case, another pas-
senger who gets on the same car as such a mischievous
passenger may feel further discomfort. Furthermore,
since fixed BGM is always used or BGM is selected by
the system regardless of whether the passenger likes or
dislikes the BGM, the musical genre undesirably does
not suit some passengers’ taste. In that case, it is con-
ceivable that the passenger feels the played back BGM
as noise. Thus, the playback of BGM of Patent Literature
1 cannot reduce the stress arising from the passenger’s
"awkwardness" and "discomfort", and in some cases,
may increase the stress.
[0009] In Patent Literature 2, as described above,
sound is played back in order that the passenger recog-
nize in which direction the elevator is traveling, because
of movement of sound. Therefore, Patent Literature 2 is
not intended to reduce the stress arising from the pas-
senger’s "awkwardness" and "discomfort".
[0010] Furthermore, in the elevator of Patent Literature
2, the plurality of speakers are vertically arranged side
by side. Therefore, when the car is full of passengers,
sound radiated from the speakers does not uniformly
reach the ears of all the passengers for the following rea-
sons. First, sound from a speaker which is close to a
passenger is radiated toward the body of the passenger.
At this time, the sound radiated from the speaker is ab-
sorbed into the body of the passenger, as the body of
the passenger per se is a "sound-absorbing material".
Therefore, sound radiated from all the speakers does not
reach uniformly reach the ears of the passenger. As a

1 2 



EP 4 265 553 A1

3

5

10

15

20

25

30

35

40

45

50

55

result, only sound from a speaker located in an upper
region of the inside of the car is not affected by the body
of the passenger, and thus reaches the ears of the pas-
senger.
[0011] The present disclosure is applied to solve the
above problems and relates to a closed space sound
system that is capable of reducing the stress on a person
in a closed space, by combining and playing back a plu-
rality of sound sources generated in nature.

Solution to Problem

[0012] A closed space sound system according to an
embodiment of the present disclosure includes: a speak-
er system provided in a closed space and including one
or more speaker units; a storage unit configured to store
a plurality of sound sources generated in nature; and a
sound-field control unit configured to combine and play
back two or more of the plurality of sound sources and
to cause a sound signal based on the combined two or
more sound sources to be radiated from the speaker sys-
tem to the closed space.

Advantageous Effects of Invention

[0013] In the closed space sound system according to
an embodiment of the present disclosure, it is possible
to reduce stress on a passenger in a closed space by
combining and playing back a plurality of sound sources
generated in nature and radiating them to the targeted
closed space.

Brief Description of Drawings

[0014]

[Fig. 1] Fig. 1 is a perspective view illustrating a con-
figuration of an elevator 1 according to Embodiment
1.
[Fig. 2] Fig. 2 illustrates an appearance of an internal
space of a car 5 of the elevator 1 according to Em-
bodiment 1.
[Fig. 3] Fig. 3 is a front view illustrating a configuration
of a sound system 13 according to Embodiment 1.
[Fig. 4] Fig. 4 is a top view illustrating the layout of
speaker cabinets 20 of the sound system 13 accord-
ing to Embodiment 1.
[Fig. 5] Fig. 5 is a side view illustrating an example
of the configuration of a speaker cabinet 20 accord-
ing to Embodiment 1.
[Fig. 6] Fig. 6 is a front view illustrating the configu-
ration of the speaker cabinet 20 of Fig. 5.
[Fig. 7] Fig. 7 is a side view illustrating a configuration
of a modification of a speaker cabinet 20 according
to Embodiment 1.
[Fig. 8] Fig. 8 is a front view illustrating a configuration
of the speaker cabinet 20 as illustrated in Fig. 7.
[Fig. 9] Fig. 9 is a front view schematically illustrating

a configuration of a modification of the sound system
13 according to Embodiment 1.
[Fig. 10] Fig. 10 is a plan view schematically illus-
trating a configuration of another modification of the
sound system 13 according to Embodiment 1.
[Fig. 11] Fig. 11 illustrates an example of the config-
uration of sound content 30 according to Embodi-
ment 1.
[Fig. 12] Fig. 12 illustrates instantaneous frequency
characteristics that are obtained when FFT process-
ing is executed on time waveforms at a point (B)
indicated in Fig. 11.
[Fig. 13] Fig. 13 illustrates instantaneous frequency
characteristics that are obtained when the FFT
processing is executed on time waveforms at a point
(A) indicated in Fig. 11.
[Fig. 14] Fig. 14 illustrates an example of the case
where a signal process is executed on a sound
source included in the sound content 30 according
to Embodiment 1.
[Fig. 15] Fig. 15 illustrates the principle of a panning
process according to Embodiment 1.
[Fig. 16] Fig. 16 illustrates an example of the case
where another signal process is executed on a sound
source included in the sound content 30 according
to Embodiment 1.
[Fig. 17] Fig. 17 is an explanatory view for explana-
tion of the principle of a stereo widening process ac-
cording to Embodiment 1.
[Fig. 18] Fig. 18 is a top view illustrating a positional
relationship between speaker units and a passenger
according to Embodiment 1.
[Fig. 19] Fig. 19 illustrates the waveforms of direct
sounds and cross sounds according to Embodiment
1.
[Fig. 20] Fig. 20 is a diagram for explanation of a time
difference between two signals.
[Fig. 21] Fig. 21 illustrates examples of the wave-
forms of sound waves subjected to a phase control
process.
[Fig. 22] Fig. 22 is a schematic view illustrating hu-
man subjective and physiological evaluation results
based on an SD method.
[Fig. 23] Fig. 23 is a schematic view illustrating hu-
man subjective and physiological evaluation results
based on the SD method.
[Fig. 24] Fig. 24 is a diagram illustrating examples
of additional sounds 32 that are inserted into respec-
tive sound content 30 for each of seasons and each
of time periods of living.

Description of Embodiments

[0015] A closed space sound system according to an
embodiment of the present disclosure will be described
with reference to the drawings. The present disclosure
is not limited to the embodiment, but various modifica-
tions can be made without departing from the gist of the

3 4 



EP 4 265 553 A1

4

5

10

15

20

25

30

35

40

45

50

55

present disclosure. Furthermore, the present disclosure
encompasses all combinations of combinable ones of
the components of the embodiment and modifications
thereof. Furthermore, in each of figures which will be re-
ferred to, components that are the same as or equivalent
to those in a previous figure or previous figures are de-
noted by the same reference signs, and the same is true
of the entire text of the specification. It should be noted
that in each of the figures, relative relationships in dimen-
sion between components, the shapes of components,
or other features of components may be different from
actual ones.

Embodiment 1

[0016] A closed space sound system according to Em-
bodiment 1 is applied to a closed space that is required
to be kept sealed and silent to some degree. As the closed
space, for example, the following space are present: the
internal space of the car of an elevator; in-car spaces of
means of transportation such as trains, buses, and taxis;
and waiting spaces such as waiting rooms of hospitals
and pharmacies. That is, the closed space to which the
closed space sound system according to Embodiment 1
is applied is a specific narrow closed space that is differ-
ent from an ordinary living space. More specifically, the
closed space according to Embodiment 1 is a space in
which two or more persons can be present, and a door-
way is closed, and in principle, a person who is present
in the space cannot get out for a certain time. The follow-
ing description is made by referring to by way of example
the case where the closed space is the space in the car
of an elevator.
[0017] Fig. 1 is a perspective view illustrating a config-
uration of an elevator 1 according to Embodiment 1. As
illustrated in Fig. 1, the elevator 1 is installed inside a
building and configured to ascend or descend through a
hoistway 2. In an upper part of the hoistway 2, a hoisting
machine 3 is provided. The hoisting machine 3 is provid-
ed with a sheave 3a. Over the sheave 3a, a main rope 4
is stretched. The main rope 4 has two ends that are cou-
pled to a car 5 and a balancing weight 6, respectively.
The car 5 and the balancing weight 6 are reversibly sus-
pended from the sheave 3a by the main rope 4. Further-
more, at the upper part of the hoistway 2, an elevator
control panel 7 is provided. The elevator control panel 7
is connected to the hoisting machine 3 by a communica-
tion line and connected to the car 5 by a control cable 8.
The control cable 8 transmits electric power and a control
signal to the car 5. The control cable 8 will also be referred
to as "tail cord".
[0018] The car 5 is made up of four side boards 5a, a
floor board 5b, and a ceiling board 5c. In the car 5, the
four side boards 5a are located on the right, left, front,
and back sides, respectively. Furthermore, at the front
side board 5a of the four side boards 5a, a car door 5d
is installed. Each time the car 5 stops at an elevator hall
on each of floors of the building, the car door 5d performs

opening and closing operations in engagement with an
elevator hall door (not illustrated) installed in the elevator
hall.
[0019] On an upper surface of the ceiling board 5c of
the car 5, as illustrated in Fig. 1, a car control device 9
and a sound-field control device 21 are provided. The
car control device 9 controls operations of devices pro-
vided in the car 5. The devices provided in the car 5 are,
for example, the car door 5d, a lighting device 5e (see
Fig. 2), and a car operation panel 5f (see Fig. 2). The
sound-field control device 21 controls the overall opera-
tion of a closed space sound system 13 (see Fig. 3) that
will be described later, in such a way as to produce a
stereoscopic sound field 27 (see Fig. 3) in the entire in-
ternal space of the car 5. The closed space sound system
13 will be hereinafter simply referred to as "sound system
13".
[0020] To a lower surface of the ceiling board 5c of the
car 5, as illustrated in Fig. 1, a suspended ceiling 10 is
fixed. The suspended ceiling 10 is located in the internal
space of the car 5. The suspended ceiling 10 has a cuboi-
dal shape. The suspended ceiling 10 has four side sur-
faces 10a and a lower surface 10b (see Fig. 2). Further-
more, the suspended ceiling 10 may further have an up-
per surface that is located opposite to the lower surface
10b. In the internal space of the suspended ceiling 10,
the lighting device 5e (see Fig. 2), an emergency speaker
5g (see Fig. 2), and a speaker system 22 of the sound
system 13 (see Fig. 3) are provided. Although it is de-
scribed above that the sound-field control device 21 is
provided on the upper surface of the ceiling board 5c of
the car 5 as illustrated in Fig. 1, the sound-field control
device 21 may be also provided in the internal space of
the suspended ceiling 10. Between the side surfaces 10a
of the suspended ceiling 10 and the side boards 5a of
the car 5, a gap 11 having a certain gap distance D (see
Figs. 2 and 3) is provided. The certain gap distance D is
will be hereinafter referred to as "first gap distance D".
[0021] Although Fig. 1 illustrates an example in which
the elevator 1 is a rope elevator, this illustration is not
limiting. The elevator 1 may, for example, be another type
of elevator such as a linear motor elevator.
[0022] Fig. 2 illustrates an appearance of an internal
space of the car 5 of the elevator 1 according to Embod-
iment 1. As illustrated in Fig. 2, the internal space of the
car 5 is surrounded by the four side boards 5a, the floor
board 5b, and the lower surface 10b of the suspended
ceiling 10. The internal space of the car 5 is, for example,
cuboid. The floor board 5b has a flat rectangular surface
extending in a horizontal direction. Each of the side
boards 5a has a flat rectangular surface extending in a
perpendicular direction. The "perpendicular direction"
means, for example, a vertical direction. The lower sur-
face 10b of the suspended ceiling 10 is provided to face
the floor board 5b. The lower surface 10b of the suspend-
ed ceiling 10 is a rectangular flat surface extending in the
horizontal direction. The suspended ceiling 10 is provid-
ed with the lighting device 5e. A main body of the lighting
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device 5e is provided in the internal space of the sus-
pended ceiling 10. The lighting device 5e is, for example,
an LED lighting device. As illustrated in Fig. 2, the lighting
device 5e has an illumination surface 5ea that faces the
floor board 5b. The lighting device 5e illuminates the in-
ternal space of the car 5 with light radiated from the illu-
mination surface 5ea. Furthermore, at the suspended
ceiling 10, an emergency speaker 5g is provided to make
an emergency announcement from a management office
of the building. In addition to the emergency announce-
ment, the emergency speaker 5g may also be used to
send a voice message such as "the door will close" to a
passenger.
[0023] As described above, at the front side board 5a
of the four side boards 5a, the car door 5d is provided.
Also, as illustrated in Fig. 2, at the front side board 5a,
the car operation panel 5f is provided. The car operation
panel 5f is provided with a plurality of car call registration
buttons that are provided in association with respective
floors and door opening and closing buttons that are pro-
vided to control opening and closing operations of the
car door 5d. Furthermore, the car operation panel 5f is
provided with an interphone device 5h that enables a
passenger to communicate with a person who is present
outside the car, in case of emergency.
[0024] As illustrated in Fig. 2, the car control device 9
is connected to the elevator control panel 7, for example,
by the control cable 8 (see Fig. 1). As illustrated in Fig.
2, the car control device 9 includes an input unit 9a, a
control unit 9b, an output unit 9c, and a storage unit 9d.
The input unit 9a inputs a control signal transmitted from
the elevator control panel 7 to the control unit 9b. Based
on the control signal, the control unit 9b controls opera-
tions of the devices provided in the car 5. Under control
by the control unit 9b, the output unit 9c outputs driving
signals to the respective devices. Furthermore, under
control by the control unit 9b, the output unit 9c transmits,
to the elevator control panel 7, a signal for, for example,
car call registration that is inputted from the passenger
to the car operation panel 5f. The storage unit 9d stores
therein the result of a calculation made by the control unit
9b and various types of data and programs for use in the
control by the control unit 9b.
[0025] The sound-field control device 21 is one of the
components included in the sound system 13. The sound
system 13 includes the sound-field control device 21 and
a speaker system 22 which will be described later. As
illustrated in Fig. 2, the sound-field control device 21 in-
cludes a sound-field control unit 21a, an output unit 21b,
a storage unit 21c, and a timer unit 21d. The sound-field
control unit 21a controls the operation of the sound sys-
tem 13 to produce a high sound-quality sound field in the
internal space of the car 5. Under control by the sound-
field control unit 21a, the output unit 21b outputs a driving
signal and playback data on a sound signal to a speaker
cabinet 20. The storage unit 21c stores, for example, a
plurality of sound sources generated in nature. It should
be noted that the storage unit 21c may store in advance

sound content 30 (see Fig. 11) that is obtained by com-
bining sounds from the plurality of sound sources gen-
erated in nature. The storage unit 21c further stores the
result of a calculation made by the sound-field control
unit 21a and various types of data and programs for use
in the control by the sound-field control unit 21a. The
sound-field control unit 21a combines and plays back
sound sources stored in the storage unit 21c, and causes
a sound signal based on the sound sources to be radiated
from the speaker system 22 toward the internal space of
the car 5. Furthermore, in the case where the storage
unit 21c stores sound content 30 in advance, the sound-
field control unit 21a plays back the sound content 30
stored in the storage unit 21c and causes a sound signal
based on the sound content 30 to be radiated from the
speaker system 22 toward the internal space of the car
5. In the above both cases, the sound-field control unit
21a causes a sound signal based on combined two or
more sound sources to be radiated from the speaker sys-
tem 22 toward the internal space of the car 5. The timer
unit 21d counts the current date and time and retains
current date-and-time data representing the current date
and time. The timer unit 21d has, as date-and-time data,
date data representing dates of an annual calendar and
time data representing time. The sound-field control unit
21a may acquire date-and-time data from the timer unit
21d, and based on the date-and-time data, change the
sound content 30 according to the season and the time
zone for living.
[0026] In the case where the storage unit 21c of the
sound-field control device 21 stores sound content 30,
the sound content 30 is created, for example, by a sound
content creating device 40 installed externally, and is
stored in advance in the storage unit 21c. The sound
content creating device 40 creates sound content 30 by
combining a plurality of sound sources generated in na-
ture. The sound content creating device 40 includes a
signal processing unit 40b that executes a signal process
on the sound content 30. In the case of creating sound
content 30 by combining a plurality of sound sources gen-
erated in nature, the signal processing unit 40b executes
one or more signal processes as needed. The timing at
which such a signal process is executed may precede or
follow the combining of sound sources. That is, a plurality
of sounds sources may be combined first and then sub-
jected to the signal process, or conversely, sounds from
a plurality of sound sources may be subjected to the sig-
nal process first and then combined. As the signal proc-
esses, for example, the following processes are present:
the setting of the time length of a time segment 33, the
production of a prelude part 34 or other parts, the adjust-
ment of a sound pressure level, and a phase control proc-
ess. These signal processes will be described later. Fur-
thermore, the sound content creating device 40 includes
an output unit 40a, a storage unit 40c, and an input unit
40d. The input unit 40d receives sound data obtained
from a sound source generated in nature. The sound
data may be data created based on data actually record-
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ed in nature, or may be artificially created pseudo-data.
The output unit 40a outputs created sound content 30.
The storage unit 40c stores the result of a calculation by
the signal processing unit 40b and various types of data
and programs for use in the control by the signal process-
ing unit 40b.
[0027] Then, a hardware configuration of the car con-
trol device 9 will be described. Functions of the input unit
9a, the control unit 9b, and the output unit 9c in the car
control device 9 are fulfilled by a processing circuit. The
processing circuit is dedicated hardware or a processor.
The dedicated hardware is, for example, an application
specific integrated circuit (ASIC), a field programmable
gate array (FPGA), or other hardware. The processor
executes a program stored in a memory. The storage
unit 9d is the memory. The memory is a nonvolatile or
volatile semiconductor memory such as a random-ac-
cess memory (RAM), a read-only memory (ROM), a flash
memory, or an erasable programmable ROM (EPROM)
or a disc such as a magnetic disc, a flexible disc, or an
optical disc.
[0028] Furthermore, a hardware configuration of the
sound-field control device 21 will be described. Functions
of the sound-field control unit 21a, the output unit 21b,
and the timer unit 21d in the sound-field control device
21 are fulfilled by a processing circuit. The processing
circuit is dedicated hardware or a processor. Descriptions
concerning the dedicated hardware and the processor
will be omitted, since they may be the same as the above
dedicated hardware and processor. The storage unit 21c
is the memory. A description concerning the memory will
also be omitted, since it may be the same as the above
memory.
[0029] Furthermore, a hardware configuration of the
sound content creating device 40 will be described. Func-
tions of the output unit 40a, the signal processing unit
40b, and the input unit 40d in the sound content creating
device 40 will be fulfilled by a processing circuit. The
processing circuit is dedicated hardware or a processor.
Descriptions concerning the dedicated hardware and the
processor will also be omitted, since they may be the
same as the above dedicated hardware and processor.
The storage unit 40c is the memory. A description con-
cerning the memory will be omitted, since it may be the
same as the above memory.
[0030] Fig. 3 is a front view illustrating a configuration
of the sound system 13 according to Embodiment 1. Fig.
4 is a top view illustrating the layout of speaker cabinets
20 included in the sound system 13 according to Embod-
iment 1. It is assumed that in Figs. 3 and 4, the height
direction of the car 5 is a Y direction, the width direction
of the car 5 is an X direction, and the depth direction of
the car 5 is a Z direction. The Y direction is, for example,
the vertical direction. Furthermore, as illustrated in Fig.
4, the right, left, front, and back of the inside of the car 5
are defined such that the X direction is a lateral direction
of the car 5, that is, a direction from the left side or right
side of the car 5 toward the right side or left side thereof,

and the Z direction is a front-back direction of the car 5,
that is, a direction from the front of the car toward the
back of the car 5.
[0031] As illustrated in Fig. 3, the sound system 13
includes a speaker system 22 provided on a ceiling lo-
cated above the closed space and the sound-field control
device 21. The speaker system 22 includes one or more
speaker cabinets 20. Furthermore, each of the speaker
cabinets 20 includes one or more speaker units 23. The
sound system 13 produces a sound field 27 and radiates
sound to a passenger in the car 5. In Embodiment 1, as
the sound, sounds from a plurality of sound sources nat-
urally generated in nature, such as the murmur of a river
and the chirping of a bird, are used, and sound content
formed by combining those sounds is used. In Embodi-
ment 1, a sound-field environment of a playback of two
or more channels is created, and in the sound-field en-
vironment, sound content 30 (see Fig. 11) based on
sounds from sound sources from nature is played back.
This makes it possible to radiate the sound content 30
toward the closed space in a plurality of directions and
give "comfortable feeling" to the auditory sensibility of the
passenger in the closed space. It is therefore possible to
reduce an uncomfortable element such as stress that
arises when the passenger stays in a narrow space.
[0032] The sound content 30 is created such that for
example, seasons such as spring, summer, autumn, and
winter and time periods of living such as dawn, daytime,
evening, and nighttime that anyone who lives in Japan
can experience can be sensed from sound. The sound
content 30 will be described later. The above feature en-
ables the passenger to obtain a sense of the time period
and a sense of the season from "sound" even while being
present in the closed space, which disables the passen-
ger to look outside. Furthermore, because the sound con-
tent 30 is created so as not to give the passenger a sense
of bustle or other senses or contain uncomfortable factors
such as noise, the sound content 30 does not give audi-
tory discomfort to the passenger. Specifically, the sound
content 30 is a combination of a type of sound source,
such as the flow of a wind or river and the singing of a
bird, which is naturally generated in nature, a time period
of living, and a frequency band.
[0033] In Embodiment 1, as illustrated in Fig. 3, the
number of speaker cabinets 20 included in the speaker
system 22 is 2. However, the number of speaker cabinets
20 is not limited to 2 but may be any number larger than
or equal to 1. This makes it possible to produce a sound
field 27 of a playback of one or more channels in the
closed space. As illustrated in Fig. 3, each of the speaker
cabinets 20 is provided in an internal space of the sus-
pended ceiling 10. The speaker cabinet 20 includes a
speaker unit 23 and a casing 25. Although it is described
above regarding Embodiment 1 that the speaker system
22 includes the speaker cabinet 20, it is not limiting. That
is, the speaker system 22 may include just only one or
more speaker units 23 without the speaker cabinet 20.
Furthermore, although it is also described above regard-
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ing Embodiment 1 that the speaker units 23 and the
speaker cabinets 20 are provided at the suspended ceil-
ing 10, it is not limiting. That is, the speaker units 23 and
the speaker cabinets 20 may be provided at other posi-
tions such as the side boards
[0034] Fig. 5 is a side view illustrating an example of
the configuration of the speaker cabinet 20 according to
Embodiment 1. Fig. 6 is a front view illustrating the con-
figuration of the speaker cabinet 20 as illustrated in Fig.
5. As illustrated in Figs. 5 and 6, the speaker cabinet 20
includes the speaker unit 23 and the casing 25. The
speaker unit 23 is housed in the casing 25. The speaker
unit 23 has a radiation surface 23a which is formed at a
front surface 25a of the casing 25 and from which sound
is radiated outward. The casing 25 has, for example, a
cuboidal shape. The casing 25 is a closed device in the
air. The radiation surface 23a of the speaker unit 23 is
fitted in an installation hole provided in the front surface
25a of the casing 25, and is exposed outward from the
installation hole. Other parts of the speaker unit 23 are
all located in the casing 25. Thus, the sound from the
radiation surface 23a of the speaker unit 23 is radiated
only in a direction indicated an arrow A in Fig. 5, and is
not radiated outward via the parts of the casing 25 that
are other than the radiation surface 23a.
[0035] Fig. 7 is a side view illustrating a configuration
of a modification of the speaker cabinet 20 according to
Embodiment 1. Fig. 8 is a front view illustrating a config-
uration of the speaker cabinet 20 as illustrated in Fig. 7.
As illustrated in Figs. 7 and 8, in the speaker cabinet 20,
two or more speaker units 23 may be housed in the casing
25. In this case, for example, one speaker unit 23-1 may
be a full-range speaker, and the other speaker unit 23-2
may be a tweeter. The full-range speaker is a speaker
that plays back sound from a low-frequency range to a
high-frequency range without another speaker or other
speakers. In the embodiment of the present disclosure,
it is assumed that in the case where a single speaker unit
23 is housed in the casing 25 of the speaker cabinet 20,
the single speaker unit 23 is a full-range speaker. Fur-
thermore, the tweeter is a speaker dedicated for a low
frequency range and used as an aid to the full-range
speaker. It is hard to play back sound from a low-frequen-
cy range to a high-frequency range with a single speaker.
If the single speaker plays back sound from the low-fre-
quency range to the high-frequency range, it is conceiv-
able that the sound is played back with a poor quality.
Therefore, in such a case, a tweeter is used to compen-
sate for the poor sound quality. Accordingly, two or more
speaker units 23 that are of different types may be in-
stalled in the casing 25 or two or more speaker units 23
that are of the same type may be installed in the casing
25. However, in this case, it is preferable that of those
speaker units, one speaker unit be a full-range speaker
and the other speaker unit or units be speakers dedicated
to a low-frequency or high-frequency range and used as
aids to the full-range speaker. If the speaker units are set
in such a manner, they can radiate sound over a wide

frequency band from a low-frequency range to a high-
frequency range and for each of narrow frequency bands.
In such a manner, in the case where one speaker cabinet
20 includes a plurality of speaker units 23, the feeling of
sound quality can be improved and sound can be played
back over a wider frequency band with the speaker cab-
inet 20 solely. As a result, it is possible to easily achieve
a "high sound quality system" that can cover a wide fre-
quency band.

[Indirect Sound Radiation]

[0036] Re-referring to Figs. 3 and 4, the speaker cab-
inets 20 are provided in the internal space of the sus-
pended ceiling 10. The height of the suspended ceiling
10 in the Y direction (the height direction of the car 5) is,
for example, approximately 5 cm. Therefore, as illustrat-
ed in Fig. 3, the height H1 of the casing 25 of each of the
speaker cabinets 20 in the Y direction (the height direc-
tion of the car 5) is less than or equal to 5 cm. Thus, the
height H1 of the casing 25 is restricted by the height of
the suspended ceiling 10 in the Y direction (the height
direction of the car 5). Furthermore, the radiation surface
23a of the speaker unit 23 is located to face a side board
5a of the car 5. The radiation surface 23a is located along
a side surface 10a of the suspended ceiling 10. As illus-
trated in Fig. 4, the radiation surface 23a is located in the
same plane as the side surface 10a of the suspended
ceiling 10. Therefore, the position of the radiation surface
23a in the X direction (the width direction of the car 5)
coincides or substantially coincides with the position of
the side surface 10a of the suspended ceiling 10 in the
X direction. In the side surface 10a of the suspended
ceiling 10, an opening is provided such that its position
coincides with the position of the radiation surface 23a.
It should be noted that the entire side surface 10a of the
suspended ceiling 10 may be open. Therefore, the sound
radiated from the radiation surface 23a is not shut out by
the side surface 10a of the suspended ceiling 10. Fur-
thermore, as described above, a gap 11 having the first
gap distance D1 is provided between the side surface
10a of the suspended ceiling 10 and the side board 5a
of the car 5. The first gap distance D is approximately 5
cm. It should be noted that the first gap distance D is set
as appropriate in the range of 2 to 20 cm, and preferably,
should be set as appropriate according to the specifica-
tions of the car 5 of the elevator 1 in the range of 3 to 10
cm. As illustrated in Figs. 3 and 4, the sound from the
radiation surface 23a of the speaker unit 23 is radiated
in the direction indicated by an arrow A. After that, the
sound is reflected from the side board 5a of the car 5 as
reflected sound. As illustrated in Figs. 3 and 4, the re-
flected sound travels in the direction indicated by an ar-
row B. Thus, in Embodiment 1, the speaker unit 23 per-
forms "indirect sound radiation" in which the radiated
sound is reflected from the side board 5a of the car 5 to
the passenger.
[0037] In Embodiment 1, the radiation surface 23a of
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the speaker unit 23 is located close to the side board 5a
of the car 5 and faces the side board 5a of the car 5. To
be more specific, the radiation surface 23a is separated
from the side board 5a by the gap 11 having the first gap
distance D. As described above, the first gap distance D
is approximately 5 cm. Therefore, the sound radiated
from the radiation surface 23a of the speaker unit 23 is
reflected from the side board 5a of the car 5 immediately
after being radiated from the radiation surface 23a and
before being reduced in sound pressure level.
[0038] Furthermore, as illustrated in Fig. 4, each of the
speaker cabinets 20 is provided backward from a central
portion of the suspended ceiling 10 in the Z direction (the
depth direction of the car 5). This, however, is not limiting.
The speaker cabinet 20 may be provided at the central
portion of the suspended ceiling 10 in the Z direction, or
may be provided forward from the central portion of the
suspended ceiling 10 in the Z direction. Furthermore, as
illustrated in Fig. 3, the speaker cabinet 20 is provided
at a central portion of the suspended ceiling 10 in the Y
direction (the height direction of the car 5). This, however,
is not limiting, and the speaker cabinet 20 may be pro-
vided at a higher level than the central portion of the sus-
pended ceiling 10 in the Y direction or may be provided
at a lower level than the central portion.
[0039] The speaker unit 23 provided in one of the two
speaker cabinets 20 as illustrated in Fig. 4 will be referred
to as "speaker unit 23R", and the speaker unit 23 provid-
ed in the other speaker cabinet 20 will be referred to as
"speaker unit 23L". The speaker unit 23R and the speaker
unit 23L are separated from each other. Also, the speaker
cabinet 20 which houses the speaker unit 23R and the
speaker cabinet 20 which houses the speaker unit 23L
are separated from each other by a certain distance with
reference to a central portion of the suspended ceiling
10 in the X direction. The certain distance will be referred
to as "second distance D2". The second distance D2 is
determined based on the dimension of the car 5 in the X
direction, the first gap distance D, and the dimension of
the casing 25 in the X direction. The speaker unit 23R
and the speaker unit 23L are arranged such that their
back surfaces face each other. Therefore, as illustrated
in Fig. 4, the radiation surface 23a of the speaker unit
23R is located to face the right side board 5a of the car
5, and the radiation surface 23a of the speaker unit 23L
is located to face the left side board 5a of the car 5. Each
of the radiation surfaces 23a of the speaker units 23R
and 23L is located to face the gap 11. Each of the radi-
ation surfaces 23a of the speaker units 23R and 23L is
located in the same plane as an associated one of the
right and left side surfaces 10a of the suspended ceiling
10.
[0040] In the car 5 of the elevator 1, in general, the
passenger stands while facing the car door 5d. Thus, the
sound radiated from the speaker unit 23R travels mainly
to the right ear of the passenger, and the sound radiated
from the speaker unit 23L travels mainly to the left ear of
the passenger. The sound radiated from the speaker unit

23R will be referred to as "right-side sound", and the
sound radiated from the speaker unit 23L will be referred
to as "left-side sound".

[Direct Sound Radiation]

[0041] The orientation of the installed speaker cabinets
20 is not limited to that of the speaker cabinets 20 as
illustrated in Figs. 3 and 4. Fig. 9 is a front view schemat-
ically illustrating a configuration of a modification of the
sound system 13 according to Embodiment 1.
[0042] Referring to Fig. 9, two speaker units 23R-1 and
23L-1 are located opposite to the floor board 5b of the
car 5. Thus, the radiation surfaces 23a of the speaker
units 23R-1 and 23L-1 are located to face the floor board
5b of the car 5 as illustrated in Fig. 9. The speaker cabinet
20 which houses the speaker unit 23R-1 and the speaker
cabinet 20 which houses the speaker unit 23L-1 are sep-
arated from each other by a certain distance with refer-
ence to the central portion of the suspended ceiling 10
in the X direction. The certain distance will be referred to
as "third distance D3". The third distance D3 may be
equal to or unequal to the second distance D2 which is
indicated in Fig. 4.
[0043] As illustrated in Fig. 9, each of the radiation sur-
faces 23a of the speaker units 23R-1 and 23L-1 is located
in the same plane as the lower surface 10b of the sus-
pended ceiling 10. Therefore, the position of the radiation
surface 23a in the Y direction (the height direction of the
car 5) coincides or substantially coincides with the posi-
tion of the lower surface 10b of the suspended ceiling 10
in the Y direction. Furthermore, the radiation surfaces
23a of the speaker units 23R-1 and 23L-1 are fitted in
attachment holes provided in the lower surface 10b of
the suspended ceiling 10. Each of the radiation surfaces
23a of the speaker units 23R-1 and 23L-1 is exposed
from an associated one of the attachment holes to the
outside thereof. Accordingly, sound radiated from each
of the radiation surfaces 23a of the speaker units 23R-1
and 23L-1 is not shut out by the lower surface 10b of the
suspended ceiling 10.
[0044] As illustrated in Fig. 9, the sound from the
speaker units 23R-1 and 23L-1 is radiated from the ra-
diation surfaces 23a in the directions indicated by arrows
A. Thus, the speaker units 23R-1 and 23L-1 perform "di-
rect sound radiation" in which the speaker units 23R-1
and 23L-1 radiate sound from the suspended ceiling 10
directly to the passenger.

[Combination of Indirect Sound Radiation and Direct 
Sound Radiation]

[0045] Fig. 10 is a plan view schematically illustrating
a configuration of another modification of the sound sys-
tem 13 according to Embodiment 1. Fig. 10 illustrates
the lower surface 10b of the suspended ceiling 10, as
viewed from a side where the floor board 5b is located.
Referring to Fig. 10, four speaker units 23R-1, 23R-2,
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23L-1, and 23L-2 are provided. As illustrated in Fig. 10,
of the four speaker units 23R-1, 23R-2, 23L-1, and 23L-
2, the speaker units 23R-2 and 23L-2 are located oppo-
site to the front side board 5a of the car 5, and the other
two speaker units 23R-1 and 23L-1 are located opposite
to the floor board 5b of the car 5. Thus, the radiation
surfaces 23a of the speaker units 23R-1 and 23L-1 are
located to face the floor board 5b of the car 5 as illustrated
in Fig. 9.
[0046] More specifically, as illustrated in Fig. 10, the
two front speaker units 23R-2 and 23L-2 are located op-
posite to the front side board 5a of the car 5. The speaker
cabinet 20 which accommodates the speaker unit 23R-
2 and the speaker cabinet 20 which accommodates the
speaker unit 23L-2 are separated from each other by a
certain distance from each other with reference to the
central portion of the suspended ceiling 10 in the X di-
rection. The certain distance may, for example, be equal
to or unequal to the third distance D3 indicated in Fig. 9.
[0047] Therefore, each of the radiation surfaces 23a
of the speaker units 23R-2 and 23L-2 is provided to face
an associated one of the side boards 5a of the car 5.
Furthermore, each of the radiation surfaces 23a is locat-
ed along an associated one of the side surfaces 10a of
the suspended ceiling 10. Therefore, the position of the
radiation surface 23a in the Z direction (the depth direc-
tion of the car 5) coincides or substantially coincides with
the position of the associated side surface 10a of the
suspended ceiling 10 in the Z direction.
[0048] As described above, the gap 11 having the first
gap distance D is provided between the side board of the
suspended ceiling 10 and the side board 5a of the car 5.
As illustrated in Fig. 10, the sound radiated from the
speaker units 23R-2 and 23L-2 is radiated from the ra-
diation surfaces 23a in the directions indicated by arrows.
After that, the sound is reflected from the side boards 5a
of the car 5 as reflected sound. As illustrated in Fig. 10,
the reflected sound travels in the directions indicated by
arrows B. Thus, the speaker units 23R-2 and 23L-2 per-
form "indirect sound radiation" in which the sound from
the suspended ceiling 10 is reflected from the side boards
5a of the car 5 to the passenger.
[0049] As described above with reference to Fig. 9, the
two back speaker units 23R-1 and 23L-1 are located op-
posite to the floor board 5b of the car 5. Thus, as de-
scribed above, the two back speaker units 23R-1 and
23L-1 performs "direct sound radiation" in which the two
back speaker units 23R-1 and 23L-1 radiate sound from
the suspended ceiling 10 directly to the passenger. In
Embodiment 1, "indirect sound radiation" and "direct
sound radiation" may be performed in combination as in
the modification as illustrated in Fig. 10. In this case, re-
ferring to Fig. 10, the speaker units 23R and 23L as il-
lustrated in Fig. 4 may be provided instead of the speaker
units 23R-2 and 23L-2.
[0050] Each of the speaker units 23 may be installed
at any position on the lower surface 10b of the suspended
ceiling 10 in the car 5. In this case, for example, the speak-

er units 23 are installed in any of the following manners:
right and left speaker units 23 are installed as illustrated
in Fig. 4; front and back speaker units 23 are installed;
and speaker units 23 are installed at corners of the lower
surface 10b of the suspended ceiling 10. These manners
of installation off the speaker units 23 can be freely com-
bined. However, in order to radiate sound with a higher
quality, it is preferable that the speaker units 23 be sep-
arated from each other to some extent. Therefore, in Em-
bodiment 1, the speaker cabinets 20 which accommo-
date the speaker units 23 are separated from each other
by the second distance D2 or the third distance D3.

[Installation Height of Speaker Cabinet]

[0051] The speaker cabinet 20 can be installed in the
floor board 5b of the car 5. However, since the body of
the passenger per se is a sound absorber and a reflector
for sound, in the case where the number of passengers
is large, a sound signal output from a location below the
passengers cannot easily arrive at the passengers’ ears.
As a result, a sound field 27 based on the playback of
sound having a high quality cannot be produced in the
car 5. In view of this point, in Embodiment 1, basically,
the speaker cabinet 20 is installed at a higher level than
the chest of the passenger in order that sound be played
back with a high quality. Therefore, it is preferable that
the speaker cabinet 20 be installed, for example, in the
suspended ceiling 10 or the upper part of the side board
5a of the car 5.

[Sound Field]

[0052] The sound system 13 produces a sound field
27 in, for example, a range indicated by dotted lines in
Fig. 3. Specifically, the level H2 of a lower limit 27a of
the sound field 27 is, for example, approximately 1.0 to
1.7 m from the floor board 5b of the car 5, and preferably,
should be 1.6 m. Furthermore, the level of an upper limit
of the sound field 27 is, for example, 1.8 m from the floor
board 5b of the car 5. Thus, it is preferable that the sound
field 27 be produced such that the level of the sound field
27 from the floor board 5b falls within the range of 1.6 to
1.8 m. Thus, the sound field 27 is produced in a region
in the car 5 that is higher in level than the lower limit 27a.
Accordingly, the sound field 27 is produced around the
head of the passenger as illustrated in Fig. 3. It should
be noted that the level H2 of the lower limit 27a of the
sound field 27 is set based on the average height of pas-
sengers (excluding passengers of junior high school age
or younger). In the range of 0 m to less than 1.6 m from
the floor board 5b, a satisfactory sound field cannot be
produced if a large numbery of passengers get on the
car 5, as sound is shut out or absorbed by the passengers
as described above. In the range of 1.8 m or higher from
the floor board 5b, the passenger does not easily hear
the sound, because the sound field 27 is produced over
the head of the passenger. The range of production of
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the sound field 27 is not limited to the range of 1.6 to 1.8
m. That is, since it suffices that the sound field 27 is pro-
duced in a range located above the chest of the passen-
ger based on the average height of passengers (exclud-
ing passengers of junior high school age or younger), it
is preferable that the level H2 of the lower limit 27a of the
sound field 27 fall within the range of, for example, 1.0
to 1.7 m from the floor board 5b of the car 5.

[Configuration of Sound Content]

[0053] A configuration of sound content 30 according
to Embodiment 1 will be described. The sound content
30 is a sound signal that is output from the speaker sys-
tem 22 under control by the sound-field control unit 21a.
Fig. 11 illustrates an example of the configuration of the
sound content 30 according to Embodiment 1. The upper
part of Fig. 11 illustrates sound content 30 that is output
from the speaker unit 23L as illustrated in Fig. 4, and the
lower part of Fig. 11 illustrates sound content 30 that is
output from the speaker unit 23R as illustrated in Fig. 4.
The sound content 30 output from the speaker unit 23L
and the sound content 30 output from the speaker unit
23R may be different from each other as illustrated in
Fig. 11, but may be the same as each other. In Fig. 11,
the horizontal axis represents time, and the vertical axis
represents sound pressure level. As illustrated in Fig. 11,
the sound content 30 includes a background sound 31
and an additional sound 32 that is added to the back-
ground sound 31. The sound content 30 is divided into
a plurality of time segments 33. In Fig. 11, the boundaries
between the time segments 33 are indicated by dashed
lines. In the example illustrated in Fig. 11, the entire time
length of the sound content 30 is 90 sec, and over the
entire time length of the sound content 30, the time there-
of is divided into twelve segments 33. The number of time
segments 33 is not limited to twelve, but are set as ap-
propriate.
[0054] Furthermore, not all the time lengths of the time
segments 33 are equal to each other. That is, the time
lengths of the time segments 33 are each set to one of
at least two time lengths. In Fig. 11, reference signs for
time, such as "2S", "8S", and "5S", denote the respective
time lengths of the time segments 33. For example, "2S"
means two seconds. Thus, the time segments 33 are set
to have respective time lengths as appropriate. In the
example illustrated in Fig. 11, there are at least six time
lengths "2S", "5S", "7S", "8S", "9S", and "15S".
[0055] The background sound 31 is set to be continu-
ously radiated in all of the plurality of time segments 33.
Furthermore, additional sounds 32 are separately set for
each of the time segments 33 and are radiated separately
for each of the time segments 33. The additional sound
32 is higher in sound pressure level than the background
sound 31. Furthermore, as illustrated in the example il-
lustrated in Fig. 11, the additional sounds 32 are set for
not all the time segments 33, and there are time segments
33 for which additional sounds 32 are not set. In the ex-

ample illustrated in Fig. 11, time segments 33 in each of
which an additional sound 32 is added (which will be each
hereinafter referred to as "first time segment") and time
segments 33 in each of which an additional sound 32 is
not added (which will be each hereinafter referred to as
"second segment time") are alternately arranged for the
reason that if additional sounds 32 are added to all the
time segments 33, the passenger is highly likely to have
a "noisy" impression about the additional sounds 32. In
Embodiment 1, in order that the passenger be given a
"comfortable" impression, the time segments 33 are ar-
ranged such that at least one of any two adjacent time
segments 33 is a second time segment in which no ad-
ditional sound is added. That is, at least one second time
segment is provided between any adjacent first time seg-
ments. By contrast, two or more second time segments
may be arranged in series.
[0056] Furthermore, the sound content 30 includes a
prelude part 34 including one or more time segments 33,
a postlude part 36 including one or more time segments,
and an interlude part 35 that is set between the prelude
part 34 and the postlude part 36 and that includes a single
time segment. In the example illustrated in Fig. 11, the
prelude part 34 includes five time segments 33, the in-
terlude part 35 includes a single time segment 33, and
the postlude part 36 includes six time segments 33. This,
however, is merely an example, and is not limiting. Fur-
thermore, although it is described above that the interlude
part 35 includes a single time segment 33, the interlude
part 35 may include two or more time segments 33.
[0057] Specifications of the sound content 30 will be
described in more detail with reference to Fig. 11.
[0058] Fig. 11 illustrates time changes in sound content
30 which is a fundamental sound source obtained
through a mix-down of a plurality of sound sources com-
bined.

[Entire Time Length of Sound Content]

[0059] In Embodiment 1, the entire time length of the
sound content 30 (that is, a sound signal) is shorter than
or equal to two minutes. That is, the entire time length of
the sound content 30 is two minutes at the maximum
(that is, 120 seconds). The time for which the car 5 of the
elevator 1 is moved upward or downward depends on
the height of the building. However, in many cases, even
in a tall building, the time for which the car 5 is moved is
approximately two minutes or shorter for the following
reason. The space in the car 5 is a closed space. If pas-
sengers are restrained for a long time in such a closed
space, the passengers are continuously under stress, as
they cannot move their own ways. Furthermore, in the
car 5, passengers who do not know each other are very
close to each other in a closed space, and such a situation
is undesirable for security reasons. Thus, in many cases,
the duration of actual travel of the car 5 of the elevator 1
is restricted to 90 seconds or shorter, and even in sky-
scrapers, it is restricted to fall within the range of 90 sec-
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onds to 120 seconds. Therefore, in Embodiment 1, the
entire time length of single sound content 30 is set as
appropriate to two minutes or shorter. The sound content
30 the time length of which is two minutes or shorter is
repeatedly and continuously played back in the car 5 un-
der control by the sound-field control unit 21a. In this way,
the sound content 30, which is repeatedly played back,
is created to have a melody that changes in a certain
cycle.
[0060] In general, the car 5 moves upward or down-
ward, and stops in response to a passenger’s button op-
eration at the floor designated by the passenger, and
meanwhile, the sound content 30 is repeatedly played
back. Therefore, the passenger does not necessarily lis-
ten to the sound content 30 from the beginning. Some
passenger may get on the elevator 1 halfway through the
sound content 30 being played back. Furthermore, for
example, in many cases, the passenger may use the
elevator 1 to move from a given floor to another floor
through one floor or more, for example, from the first floor
to the tenth floor; however, some passenger may use the
elevator 1 to move from a given floor to the next floor, for
example, from the fourth floor to the fifth floor.
[0061] In general, in the case where the passenger us-
es the elevator 1 to travel from a given floor to the next
floor, the following successive steps requires 10 seconds
or less: "the passenger gets on the car 5"; "the car 5
moves"; and then "the car 5 stops". At this time, if ordinary
music is played back in the car 5, the passenger is forced
to stop listening to the music halfway through the play-
back of the music, as the playback of the music does not
end in ten seconds. Even if the passenger likes the music
and wants to listen to the music more, the passenger has
to get off the car 5 at the floor designated by the passen-
ger. In that case, the passenger may get stressed by
contrast. Therefore, the elevator of Embodiment 1 radi-
ates sound content 30 that does not give stress or an
uncomfortable feeling, for example, even to a passenger
who uses the elevator 1 to move from a given floor to the
next floor. Specifically, in order to prevent the passenger
from getting stressed or having an uncomfortable feeling
even for a short time period, the elevator uses a "naturally
generated sound" having no specific meaning, that is, a
"meaningless sound", not "meaningful sound". In the
case of playing back "meaningless sound", even if the
passenger is forced to stop listening to the sound halfway
through the playback of the sound, it is highly unlikely
that the passenger will get stressed.

[Sound Sources for Sound Content]

[0062] The sound content 30 is a combination of a plu-
rality of sound sources generated in nature. The sound
sources are numbered as, for example, sound sources
(1) to (7) as indicated below, and the sound content 30
is a combination of these sound sources.
[0063]

(1) Background A (abbreviated as "BG-A"): Sound
of trees swinging in the wind
(2) Background B (abbreviated as "BG-B"): Sound
of water flowing in a river or a sea
(3) Background C (abbreviated as "BG-C"): Sound
of a crowd, including a sound made when an artificial
material move
(4) Additional sound A (abbreviated as "F-A"): Bird
calls made by one or more birds
(5) Additional sound B (abbreviated as "F-B"): Sound
made by a bird when the bird beats its wings to fly
(6) Additional sound C (abbreviated as "F-C"): Call
made by an animal
(7) Additional sound D (abbreviated as "F-D"): Hu-
man voice

[0064] Of the above source sources, the sound sourc-
es (1) to (3) are sound sources that are combined to
create the background sound 31 as illustrated Fig. 11,
and provide sounds that cause the passenger to call up
an image of a state of an environment of the nature. The
sound sources (1) to (3) are sound sources which are
generated in the environment of the nature (which will be
hereinafter referred to as "first sound sources"). Sounds
from the sound sources (1) to (3) are sounds generated
from the first sound sources, that is, sounds based on
states of environments of the nature. On the other hand,
sounds from the sound sources (4) to (7) are sounds that
are combined to create the additional sound 32 as illus-
trated in Fig. 11, and are sounds that cause the passen-
ger to call up an image of actions of living creatures of
the nature. The sound sources (4) to (7) are sound sourc-
es which are generated by living creatures living in the
nature (which will be hereinafter referred to as "second
sound sources"). The sounds from the sound sources
(4) to (7) are sounds generated from the second source
sources, that is, sounds based on actions of the living
creatures in the nature.
[0065] The sound content 30 as illustrated in Fig. 11
is sound content (a) evaluated as the most comfortable
sound content according to evaluation results indicated
in Figs. 22 and 23, which will be described later. In Fig.
11, signs such as "(2)" and "(4)" each indicate which of
the above sound sources (1) to (7) is set for each of the
time segments 33. To be more specific, in Fig. 11, for
example, the sign "(4) (2)" indicates a combination of a
background sound 31 and an additional sound 32. Fur-
thermore, in Fig. 11, signs "(1)+(3)" and "(4)+(5)" indicate
a combination of background sounds 31 or a combination
of additional sounds 32.
[0066] Upper part of Fig. 11 illustrates sound content
30 that is output from the speaker unit 23L as illustrated
in Fig. 4. In the sound content 30, a background sound
31 corresponding to the sound source (2) is set succes-
sively for all the time segments 33. Furthermore, in each
of the second time segments 33 in the upper part of Fig.
11, an additional sound 32 corresponding to the sound
source (4) is added, and in a fourth time segment 33, an
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additional sound 32 corresponding to the sound source
(6) is added. Furthermore, in a six time segment 33 that
corresponds to the interlude part 35, the additional sound
corresponding to the sound source (4) and an additional
sound 32 corresponding to the sound source (5) are add-
ed. Furthermore, in each of eighth, tenth, and twelfth time
segments 33, the additional sound 32 corresponding to
the sound source (4) is added.
[0067] Lower part of Fig. 11 illustrates sound content
30 that is output from the speaker unit 23R as illustrated
in Fig. 4. In the sound content 30, a background sound
31 corresponding to a combination of the sound source
(1) and the sound source (3) is set successively for all
the time segments 33. Furthermore, in the second time
segment 33 in the lower part of Fig. 11, the additional
sound 32 corresponding to the sound source (4) is added,
and in the fourth time segment 33, the additional sound
32 corresponding to the sound source (6) is added. Fur-
thermore, in the six time segment 33, which corresponds
to the interlude part 35, the additional sound correspond-
ing to the sound source (4) and the additional sound 32
corresponding to the sound source (5) are added. Fur-
thermore, in each of the eighth, tenth, and twelfth time
segments 33, the additional sound 32 corresponding to
the sound source (4) is added.
[0068] In the lower part of Fig. 11, in a third time seg-
ment 33, a very-low-volume additional sound 32 corre-
sponding to the sound source (5) is added to the back-
ground sound 31. Similarly, in the seventh time segment
33, a very-low-volume additional sound 32 correspond-
ing to the sound source (7) is added to the background
sound 31. As illustrated in Fig. 11, the sound pressure
levels of these additional sounds 32 are substantially
equal to the sound pressure level of the background
sound 31. In Embodiment 1, as described above, as il-
lustrated in the upper part of Fig. 11, in principle, at least
one second time segment in which no additional sound
is added is provided between any adjacent first time seg-
ments in each of which an additional sound is added.
However, as illustrated in the lower part of Fig. 11, ex-
ceptionally, an exceptional second time segment in which
a very-low-volume additional sound 32 is added may be
provided between adjacent first time segments.
[0069] Furthermore, in Fig. 11, reference signs for
time, such as "2S", "8S", and "5S", denote the respective
time lengths of the time segments 33. In such a manner,
not all the time segments 33 have the same time length,
and all the time segments 33 are each set to have one
of two or more time lengths determined as appropriate.
The kinds of time length of the time segments 33 are not
limited to those illustrated in Fig. 11. Furthermore, the
time lengths of the time segments 33 may be each set
to have a predetermined fluctuation range with respect
to the time lengths indicated. Specifically, a time segment
33 whose time length is longer than or equal to six sec-
onds may be set with a fluctuation range of -5 seconds
at the maximum, and a time segment 33 whose time
length is shorter than six seconds may be set with a fluc-

tuation range of up to +3 seconds at the maximum. The
range of fluctuation is an allowable range for keeping the
sound comfortable. To be more specific, in the case
where the time length is "8S", the allowable range is the
range of 3 to 8 seconds. Thus, it suffices that a time seg-
ment 33 denoted by the reference sign "8S" in Fig. 11 is
appropriately set to have a time length that falls within
the range of 3 to 8 seconds; a time segment 33 denoted
by the reference sign "6S" in Fig. 11 is appropriately set
to have a time length that falls within the range of 1 to 6
seconds; and a time segment 33 denoted by the refer-
ence sign "2S" in Fig. 11 is appropriately set to have a
time length that falls within the range of 2 to 5 seconds.

[Time Length of Interlude Part]

[0070] In Embodiment 1, of the plurality of time seg-
ments 33, the time segment 33 corresponding to the in-
terlude part 35 of the sound content 30 has the longest
time length. In the example illustrated in Fig. 11, the long-
est time length is "15S". It should be noted that the longest
one of the time lengths of the time segments 33 corre-
sponding to the prelude part 34 will be referred to as a
first time length. In the example illustrated in Fig. 11, the
first time length is "8S". Furthermore, in the prelude part
34, the longest one of the time lengths of the time seg-
ments 33 in each of which an additional sound is added
is "5S". Also, the longest one of the time lengths of the
time segments 33 corresponding to the postlude part 36
will be referred to as a second time length. In the example
illustrated in Fig. 11, the second time length is "9S". Fur-
thermore, in the postlude part 36, the longest one of the
time lengths of the time segments 33 in each of which
an additional sound is added is "5S". In addition, the time
length of the time segment 33 corresponding to the in-
terlude part 35 will be referred to as a third time length.
In the example illustrated in Fig. 11, the third time length
is "15S". In Embodiment 1, the third time length is set to
be longer than the first time length and the second time
length.

[Time Length of Additional Sound in Interlude Part]

[0071] As illustrated in Fig. 11, the total time length of
additional sounds 32 in the time segment 33 correspond-
ing to the interlude part 35 is longer than those in the time
segments 33 corresponding to the prelude part 34 and
the postlude part 36. In such a manner, it is important
that additional sounds 32 that are longish in time length
are provided before and behind an intermediate point of
the entire sound content 30. In the case where an addi-
tional sound 32 that is long in length is provided at an
early stage of the output of sound, when a passenger
gets on an elevator 1 that can play back sound contents
30, for the first time, the above long additional sound 32
surprises the passenger to make him or her uncomfort-
able. Therefore, a longish additional sound 32 is provided
halfway through the operation of the elevator 1, and as
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a result, the boredom of the passenger in the elevator 1
is reduced.

[Sound Pressure Level of Additional Sound in Interlude 
Part]

[0072] By playing back sound content 30 including ad-
ditional sounds 32 in the car 5, it is possible to reduce
the "sense of tension" that keeps unwanted silence that
brings peculiar "awkwardness" in the elevator 1. There-
fore, the sound content 30 according to Embodiment 1
utilizes sounds from nature. Furthermore, a series of
sounds of the sound content 30 gradually change in in-
tensity over time, for example from the prelude part 34,
through the interlude part 35, to the postlude part 36, as
well as ordinary music. Specifically, in the sound content
30, the interlude part 35 is the highest in sound pressure
level of the additional sounds 32 and the longest in time
length of the additional sounds 32.
[0073] It is assumed that the maximum value of the
sound pressure levels of the additional sounds 32 in the
time segments 33 corresponding to the prelude part 34
is a first level; the maximum value of the sound pressure
levels of the additional sounds 32 in the time segments
33 corresponding to the postlude part 36 is a second
level; and the maximum value of the sound pressure lev-
els of the additional sounds 32 in the time segment 33
corresponding to the interlude part 35 is a third level. In
Embodiment 1, the third level is set higher than the first
level and the second level. In the example illustrated in
Fig. 11, the third level is set approximately 1.5 times to
four times higher than the first level and the second level.
Therefore, the passenger listens to an additional sound
32 having a high pressure level in the interlude part 35
after listening to an additional sound 32 having a low
pressure level in the prelude part 34. In such a manner,
the passenger listens to additional sounds 32 that change
in sound intensity with the passage of time, and thus does
not listen sounds that suddenly change in sound inten-
sity. As a result, the passenger can listen to played-back
sound of the sound content 30 without feeling a sense
of incongruity. Although it is described above that the
maximum value of the sound pressure levels of the ad-
ditional sounds 32 in the time segment 33 corresponding
to the interlude part 35 is the third level, the average value
of the sound pressure levels of the additional sounds 32
in the time segment 33 corresponding to the interlude
part 35 may be the third level.

[Difference in Sound Pressure Level between Back-
ground Sound and Additional sound]

[0074] Furthermore, in the sound content 30 of Em-
bodiment 1, the background sound 31 is always inserted
separately from the additional sound 32 as a base signal
in all the time segments 33. The sound pressure level of
the background sound 31 is set lower than the sound
pressure level of the additional sound 32. The sound

pressure level of the background sound 31 is defined by
a difference in numerical value between the background
sound 31 and the additional sound 32. As a specific nu-
merical value, the sound pressure level of the additional
sound 32 is made higher than that of the background
sound 31 by 10 dB or higher. Furthermore, when the
difference in sound pressure level is too great, it makes
the passenger uncomfortable. Thus, the upper limit is set
to approximately 20 dB. In such a manner, in Embodi-
ment 1, the sound pressure level of the additional sound
32 is made higher than the sound pressure level of the
background sound 31 in the range of +10 to +20 dB (in-
stantaneous). This causes the additional sound 32 to be
provided as a signal having a clear sound pressure level
with reference to the background sound 31.
[0075] Although it is described above that the entire
time length of the sound content 30 falls within the range
of 90 to 120 seconds, the following is conceivable. In the
case where the closed space is the space in the car 5 of
the elevator 1, the elevator 1 may be used to move from
a certain floor to the next floor or the next floor but one.
In such a case, as described above, the elevator 1 is
used for a very short period of time, for example, 10 sec-
onds to 20 seconds. In these cases, for example, a con-
trol operation may be carried out such that playback of
the interlude part 35 of the sound content 30 is skipped
and only the prelude part 34 and the postlude part 36 are
played back. In the case of performing the control oper-
ation, for example, the sound-field control unit 21a ob-
tains, from the car control device 9, information on a
switch operation that is performed on the car operation
panel 5f by the passenger. The sound-field control unit
21a detects the passenger’s switch operation based on
the information and determines, from the switch opera-
tion, whether the elevator 1 is used for a short period of
time or not. To be more specific, it is assumed that when
the car 5 stops at the "first floor", a switch operation of
designating the "tenth floor" is performed on the car op-
eration panel 5f; and next, the car 5 stops at a floor located
below the "tenth floor", for example, "the fifth floor", and
then a switch operation of designating another floor lo-
cated below the "tenth floor", for example, "the seventh
floor", is performed. The sound-field control unit 21a de-
termines, from information on these switch operations,
that a passenger who got on the elevator 1 at the "fifth
floor" uses the elevator 1 for a short period of time. When
determining that the elevator 1 is used for a short period
of time, the sound-field control unit 21a performs such a
control operation that the sound content 30 is played back
with a skip of the interlude part 35. In such a manner, in
Embodiment 1, it is also possible to carry out a control
process of causing the passenger not to listen to sound
of the interlude part 35, for example.
[0076] Next, signal processes that are executed on a
background sound 31 and an additional sound 32 that
are included in sound content 30 will be described. Signal
processes on the source sources are based on the fol-
lowing signal processes. However, it is not indispensable
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that these signal processes are carried out. It suffices
that the signal processes are carried out as needed.
[0077] First of all, a signal process that is executed on
the background sounds 31 corresponding to the forego-
ing sound sources (1) to (3) will be described. Phase
processes such as reverb control and panning are not
executed on the background sounds 31 corresponding
to the foregoing sound sources (1) to (3). However, when
a background sound 31 is in a sound source state in
which it gives the passenger a little auditory sense of
stereo, a signal process may be executed on the back-
ground sound 31. Specifically, in order that the passen-
ger could obtain an auditory sense of spread of sound,
at least one of the following two signal processes (i) and
(ii) may be executed on right and left signals of the back-
ground sound 31.
[0078]

(i) One of the right and left signals of the background
sound 31 is given a delay time shorter than or equal
to 300 ms such that the signal lags behind the other
signal.
(ii) The sound pressure level of one of the right and
left signals of the background sound 31 is given a
gain difference in the range of 63 dB to 6 dB such
that the sound pressure level is different from the
sound pressure level of the other signal.

[0079] The signal process (i) will be described. In the
example illustrated in Fig. 11, the upper part indicates
the left signal, and the lower part indicates the right signal.
Also, in the example illustrated in Fig. 11, in the fifth time
segment 33 denoted by "7S", it can be seen that in the
left signal, the sound pressure levels of parts of the back-
ground sound 31 that are surrounded by dashed ellipses
37 are slightly high. Furthermore, in the right signal in the
same time segment 33 as descried above, it can be seen
that the sound pressure levels of parts of the background
sound 31 that are surrounded by dashed ellipses 38 are
slightly high. From comparison between the parts sur-
rounded by the ellipses 37 and the parts surrounded by
the ellipses 38, it can be seen that the right signal of the
lower part slightly lags behind the left signal of the upper
part. In such a manner, the background sound 31 of the
right signal is given a delay time such that the background
sound 31 of the right signal lags behind the background
sound 31 of the left signal. The delay time is longer than
0 ms, and is appropriately set shorter than or equal to
300 ms. This makes it possible to give the passenger a
sense of spread of sound. Although, referring to Fig. 11,
the left signal is output at an earlier timing than the right
signal, the right signal may be output at an earlier timing
than the left signal.
[0080] Next, the signal process (ii) will be described.
Regarding the example illustrated in Fig. 11, it can be
seen that overall, the sound pressure level of the back-
ground sound 31 of the right signal of the lower part is
slightly higher than that of the background sound 31 of

the left signal of the upper part. In such a manner, the
sound pressure level of the right signal is given a gain
difference such that the right signal is higher in sound
pressure level than the left signal. The absolute value of
the difference between the sound pressure level of the
right signal and the sound pressure level of the left signal
falls within the range from 3 dB to 6 dB. This can cause
the passenger to have a sense of spread of sound. Re-
ferring to Fig. 11, the right signal is higher in sound pres-
sure level than the left signal, since most people have
their right eyes as their dominant eyes; however, the left
signal may be higher in sound pressure level than the
right signal.
[0081] Next, signal processes that are executed on the
respective sound pressure levels of the background
sound 31 and the additional sound 32 will be described
with reference to Figs. 12 and 13. Fig. 12 illustrates fre-
quency characteristics that are obtained when fast Fou-
rier transform (FFT) processing is executed on time
waveforms at a point (B) indicated in Fig. 11. That is, Fig.
12 illustrates the instantaneous frequency characteristics
of the additional sound 32. Fig. 13 illustrates instantane-
ous frequency characteristics that are obtained when the
FFT processing is executed on time waveforms at a point
(A) in Fig. 11. That is, Fig. 13 illustrates the instantaneous
frequency characteristics of the background sound 31.
In each of Figs. 12 and 13, the horizontal axis represents
frequency, and the vertical axis represents sound pres-
sure level.
[0082] From the comparison between Figs. 12 and 13,
it can be seen that the sound pressure level of the addi-
tional sound 32 as illustrated in Fig. 12 is higher than that
of the background sound 31 as illustrated in Fig. 13. That
is, in Embodiment 1, the sound pressure level of the ad-
ditional sound 32 is given a gain difference greater than
or equal to 610 dB such that the additional sound 32 is
higher in sound pressure level than the background
sound 31.
[0083] A more detailed description will be made. From
the comparison between Figs. 12 and 13, it can be seen
that referring to Fig. 12, the frequency characteristics
greatly change between 2000 Hz and 10000 Hz. That is,
in Fig. 12, a frequency band of 2000 Hz to 10000 Hz is
remarkably higher in sound pressure level than other
ranges. On the other hand, in Fig. 13, the frequency char-
acteristics do not greatly change in any of the frequency
bands. That is, the changes in the frequency character-
istics as seen in Fig. 12 indicate characteristic changes
that are made when the additional sound 32 is made
higher than the background sound 31 by 10 dB or more.
When the passenger listens to sound that changes in
sound pressure level in the above manner, he or she
surely recognizes the sound of a frequency band whose
sound pressure level has changed, and potentially has
an attitude to try to listen to the sound of the frequency
band. As a result, the passenger can change his or her
mood by concentrating on listening to the sound.
[0084] Furthermore, although, in the example illustrat-

25 26 



EP 4 265 553 A1

15

5

10

15

20

25

30

35

40

45

50

55

ed in Fig. 12, a change in sound pressure level is made
in a frequency band of 2000 to 10000 Hz, this is not lim-
iting. That is, it is important to cause the sound pressure
level to change in a frequency band of 800 Hz and higher.
This is because an easily audible frequency band for hu-
mans is a band of 800 to 15 kHz (range defined by a
frame indicated by a dotted line in each of Figs. 12 and
13). By controlling frequencies of this band, it is possible
to cause the passenger to pay attention to the sound and
also possible to utilize a physiological reaction to try to
listen to the sound. Thus, it is also possible to perform a
control for causing the passenger to increase interest in
the sound. Accordingly, in Embodiment 1, the frequency
of the additional sound 32 is set higher than or equal to
800 Hz.
[0085] Next, signal processes that are executed on the
additional sounds 32 corresponding to the foregoing
sound sources (4) to (7) will be described with reference
to Figs. 14 to 17. Figs. 14 to 16 each illustrate an example
of the case where a signal process is executed on an
additional sound 32 included in the sound content 30
according to Embodiment 1. In the case indicated in Fig.
14, a panning process is executed on right and left sig-
nals. In Fig. 14, the horizontal axis represents time, and
the vertical axis represents angle. To be more specific,
Fig. 14 illustrates the case where a panning process is
executed to make the passenger feel as if a sound source
moved from right to left. Fig. 15 is an explanatory view
for explanation of the principle of the panning process
according to Embodiment 1. In the case indicated in Fig.
16, a stereo widening process is executed as a signal
process. In Fig. 16, the horizontal axis represents time,
and the vertical axis represents the percentage of stereo
widening. Fig. 16 illustrates the case where such a phase
control process as to enable "widening" and "sense of
narrowness" to be repeatedly obtained in the entire time
length of the sound content 30 is executed. Fig. 17 is an
explanatory view for explanation of the principle of the
stereo widening process according to Embodiment 1.
The signal processes as illustrated in Figs. 14 and 16 are
executed as needed on a sound source included in the
sound content 30.
[0086] On the additional sounds 32 corresponding to
the foregoing sound sources (4) to (7), signal processes
such as the panning process and the stereo widening
process are executed as needed. It is assumed that in
the case where a signal process is executed, it is done
based on an auditory sense, and at least any one of the
following two signal processes (iii) and (iv) is executed.
[0087]

(iii) The panning process on the right and left signals
of the additional sound 32 causes the range of 90
degrees to -90 degrees to freely change within the
entire time length (for example, 90 seconds) of the
sound content 30.
(iv) The stereo widening process on the right and left
signals of the additional sound 32 causes the right

and left signals of the additional sound 32 to freely
change in phase difference in the range of 20 to
240% within the entire time length (for example, 90
seconds) of the sound content 30.

[0088] The signal process (iii) will be described. The
panning process as illustrated in Fig. 14 causes the pan
of the right and left signals of the additional sound 32 to
change in the range of 90 degrees to -90 degrees within
the entire time length (for example, 90 seconds) of the
sound content 30. This gives the passenger an impres-
sion as if a sound source moved from right to left. There-
fore, when the panning process as illustrated in Fig. 14
is executed on the foregoing sound source (5), which is
sound made by a bird when the bird beats its wings to
fly, the passenger can have an impression as if the bird
took wing and moved from right to left.
[0089] The principle of the panning process illustrated
in Fig. 14 will be described with reference to Fig. 15. The
"pan" means a position (localization) between right and
left, from which sound is heard. That is, the "pan" means
where to place a source of generation of a sound, be-
tween right and left. The "pan" is also referred to as "pan
pot". In each of Figs. 14 and 15, the center is indicated
by 0 degree, a position located on the left side is indicated
by a negative numerical value, and a position located on
the right side is indicated by a positive numerical value.
In Fig. 15, the position of a point 50 is a position corre-
sponding to 0 degree and is the center. Furthermore, the
position of a point 52 is a position corresponding to 90
degrees, and the position of a point 54 is a position cor-
responding to -90 degrees. Moving of the pan rightward
from the center indicated by the point 50, that is, moving
the pan from the point 50, for example, to a point 51, is
referred to as "swiveling the pan toward the right". By
contrast, moving of the pan leftward from the center in-
dicated by the point 50, that is, panning from the point
50, for example, to a point 53, is referred to as "swiveling
a pan toward the left". Moving of the pan is also referred
to as "panning". In Embodiment 1, as illustrated in each
of Figs. 14 and 15, the pans of the right and left signals
of the additional sound 32 are changed from +90 degrees
toward -90 degrees in the entire time length (for example,
90 seconds) of the sound content 30. This, however, is
not limiting. The pans of the right and left signals of the
additional sound 32 may be changed from -90 degrees
toward +90 degrees in the entire time length (for example,
90 seconds) of the sound content 30.
[0090] The signal process (iv) will be described. The
stereo widening process as illustrated in Fig. 16 causes
the right and left signals of the additional sound 32 to
change in phase difference in the range of 20 to 240%
within the entire time length (for example, 90 seconds)
of the sound content 30. In Fig. 16, the case where the
phase difference is 100% is a standard, and in the case
where the phase difference is less than 100%, the pas-
senger is given a "sense of narrowness". Meanwhile, in
the case where a phase difference exceeds 100%, the
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passenger is given an impression as if the space expand-
ed, and is thus given a "sense of widening". Fig. 16 illus-
trates an example in which a process is executed to re-
peatedly cause the passenger to have the "sense of wid-
ening" and the "sense of narrowness" within 90 seconds.
Referring to Fig. 16, in a cycle of 30 seconds, the "sense
of widening" gradually increases in 15 seconds of the
first half, and the "sense of narrowness" gradually in-
creases in 15 seconds of the second half.
[0091] The principle of the stereo widening process as
illustrated in Fig. 16 will be described with reference to
Fig. 17. The stereo widening process is a signal process
that gives a sound signal a stereophonic effect that caus-
es the passenger to have a sense of spatial expansion
or narrowing. Fig. 17 is a plan view illustrating a positional
relationship between a passenger 60 and speaker cab-
inets 20. Fig. 17 illustrates a state in which the passenger
60 is located in front of a midpoint 61 between a speaker
unit 23R and a speaker unit 23L. Furthermore, a straight
line 62 is a straight line connecting the speaker unit 23R
and the passenger 60, and a straight line 63 is a straight
line connecting the speaker unit 23L and the passenger
60. Similarly, a straight line 64 is a straight line connecting
a virtual speaker unit 23Rv and the passenger 60, and a
straight line 65 is a straight line connecting a virtual
speaker unit 23Lv and the passenger 60.
[0092] The stereo widening process is a process that
expands the ranges of the positions of the speaker units
23R and 23L which are perceived by the passenger 60
to the positions of the virtual speaker units 23Rv and
23Lv. That is, in the case where the stereo widening proc-
ess is not executed on a sound signal, the passenger 60
can localize the sound signal in a range forming an angle
α between the straight line 62 and the straight line 63. In
the case where the stereo widening process is executed
on a sound signal, the passenger 60 can localize the
sound signal in a range forming an angle β between the
straight line 64 and the straight line 65. In the case where
the angle β is greater than the angle α, "widening" is
effected, and the passenger is given a stereophonic ef-
fect that causes the passenger to have a sense of spatial
expansion. In the case where the angle β is smaller than
the angle α, "narrowing" is effected, and the passenger
is given a stereophonic effect that causes the passenger
to have a sense of spatial narrowing. The angle β can be
expressed by β = p 3 α, where the coefficient p is the
percentage (%) represented by the vertical axis in Fig.
16. That is, in the case where p = 20%, β = 0.2 3 α, and
the angle β is 0.2 times greater than the angle α. In the
case where p = 240%, β = 2.4 3 α, and the angle β is
2.4 times greater than the angle α. The stereo widening
process as illustrated in Fig. 16 causes the right and left
signals of the additional sound 32 to be alternately "wid-
ened" and "narrowed" in the range of 20% to 240% within
the entire time length (e.g. 90 seconds) of the sound con-
tent 30. Although, in this example, the range is from 20%
to 240%, this is not limiting. That is, it suffices to appro-
priately set in what range to execute the stereo widening

process, and the range may, for example, be from 20%
to 100%.
[0093] When sound signals subjected to the stereo
widening process are output from the speaker unit 23R
and the speaker unit 23L, the passenger 60 perceives
those sounds as if sounds were radiated from the virtual
speaker unit 23Rv and the virtual speaker unit 23Lv.
[0094] The process as illustrated in Fig. 14 and the
stereo widening process as illustrated in Fig. 16 are
achieved, for example, by a phase control process. The
phase control process will be described. Fig. 18 is a top
view illustrating a positional relationship between the
passenger and the speaker units according to Embodi-
ment 1. Referring to Fig. 18, the speaker unit 23 installed
on the right side and diagonally in front of the passenger
70 will be referred to as "speaker unit 23R", and the
speaker unit 23 installed on the left side and diagonally
in front of the passenger 70 will be referred to as "speaker
unit 23L".
[0095] At this time, sound radiated from the speaker
unit 23R turns into a direct sound R (reference sign 73)
and a cross sound RL (reference sign 74), and the direct
sound R and the cross sound RL arrive at the right and
left ears 70R and 70L, respectively, of the passenger 70.
That is, the direct sound R (reference sign 73) is a direct
sound that arrives at the right ear 70R of the passenger
after propagating for a given period of time from the
speaker unit 23R. The cross sound RL (reference sign
74) is an indirect sound that arrives at the left ear 70L of
the passenger 70 after propagating for a given period of
time from the speaker unit 23R.
[0096] Similarly, sound radiated from the speaker unit
23L turns into a direct sound L (reference sign 75) and
a cross sound LR (reference sign 76), and the direct
sound L and the cross sound LR arrive at the right and
left ears 70R and 70L, respectively, of the passenger 70.
[0097] Fig. 19 illustrates the waveforms of direct
sounds and cross sounds according to Embodiment 1.
In Fig. 19, the horizontal axis represents time, and the
vertical axis represents phase. Fig. 19 illustrates the
waveforms of the direct sound R (reference sign 73) re-
ceived by the right ear 70R of the passenger 70, the direct
sound L (reference sign 75) received by the left ear 70L
of the passenger 70, the cross sound RL (reference sign
74) received by the left ear 70L of the passenger 70, and
the cross sound LR (reference sign 76) received by the
right ear 70R of the passenger 70. In Fig. 19, the hori-
zontal axis represents time, and the vertical axis repre-
sents phase. As can be seen from Fig. 19, these four
sounds arrive at different times. Fig. 20 is a diagram for
explanation of a time difference between two signals. In
Fig. 20, the horizontal axis represents time, and the ver-
tical axis represents phase. It is assumed that referring
to Fig. 20, a signal having a wavelength 80 and a signal
having a wavelength 81 are indicated, and the signal hav-
ing a waveform 81 arrives at the right or left ear 70R or
70L of the passenger 70 later than the signal having a
waveform 80. That is, in this case, a propagation time 82
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of the waveform 80 is less than a propagation time 83 of
the waveform 81. The difference between the propaga-
tion time 82 and the propagation time 83 is a time differ-
ence Δt. It is possible to achieve the panning process as
illustrated in Fig. 14 and the stereo widening process as
illustrated in Fig. 16, by executing a phase control proc-
ess of, for example, increasing, decreasing, or zeroing
the time difference Δt.
[0098] The stereo widening process will be briefly de-
scribed. A component of cross sound causes the pas-
senger to hear a sound image of sound radiated from the
speaker units 23 such that the sound image is collected
at the center of the cross component, that is, at a region
between the right and left ears of the passenger. In order
that the passenger 70 be caused by the radiated sound
to make an auditory illusion as if the narrow space in the
car 5 were a wide space, it is necessary to let the pas-
senger 70 hear the radiated sound as if the sound image
were spreading. For this purpose, it is necessary to ra-
diate the sound with a time difference between a direct
sound and a cross sound. Thus, first, the cross sound is
radiated, and then the direct sound is radiated with a time
difference. Phase characteristics accompanying the
sound radiation of the cross sound and the direct sound
need to be made to coincide with each other such that
the phase characteristics never become opposite in
phase. For that purpose, in Embodiment 1, a phase con-
trol process is executed on sound content 30. Fig. 21
illustrates examples of the waveforms of sound waves
subjected to the phase control process. In Fig. 21, the
horizontal axis represents time, and the vertical axis rep-
resents phase. Referring to Fig. 21, the time difference
Δt between the cross sound RL (reference sign 74) and
the cross sound LR (reference sign 76) is eliminated.
Also, the time difference Δt between the direct sound R
(reference sign 73) and the direct sound L (reference
sign 75) is eliminated. Furthermore, the cross sound RL
(reference sign 74) and the cross sound LR (reference
sign 76) are radiated first, and then the direct sound R
(reference sign 73) and the direct sound L (reference
sign 75) are radiated with a certain delay time. This
makes it possible to cause the passenger 70 to have a
feeling of movement of sound with the cross sound radi-
ated earlier and cause the passenger 70 to have a feeling
of localization of sound with the direct sound radiated
later. As a result, the passenger 70 is made to have an
impression as if the sound image were spreading. Fur-
thermore, the passenger 70 can hear, without feeling a
sense of incongruity as if the sound field passed only
over the head of the passenger 70, the sound radiated
with the feeling of movement and the feeling of localiza-
tion which can be obtained from the uniform phase. Sim-
ilarly, it is possible to achieve the panning process by
adjusting time differences Δt between four signals illus-
trated in Fig. 19 or adjusting the propagation times of
those four signals. As the time differences to be adjusted,
the following time differences are present: the time dif-
ference Δt between the direct sound R (reference sign

73) and the direct sound L (reference sign 75); the time
difference Δt between the direct sound R (reference sign
73) and the cross sound LR (reference sign 76); the time
difference Δt between the direct sound L (reference sign
75) and the cross sound RL (reference sign 74): and the
time difference Δt between the cross sound LR (reference
sign 76) and the cross sound RL (reference sign 74). An
acoustic effect to be obtained depends on which of the
above time differences Δt is adjusted.
[0099] In the above manner, by adjusting the time dif-
ference Δt between signals by the phase control process,
it is possible to achieve the panning process as illustrated
in Fig. 14 and the stereo widening process as illustrated
in Fig. 16. The method for each of the panning process
as illustrated in Fig. 14 and the stereo widening process
as illustrated in Fig. 16 are not limited to the phase control
process. As the method, any of other commonly known
existing methods may be applied.

[Evaluations of Sound Content]

[0100] Figs. 22 and 23 are each a schematic view il-
lustrating human subjective and physiological evaluation
results based on a semantic differential scale (SD) meth-
od. Figs. 22 and 23 show examples of subject experi-
mental results obtained by evaluating the amounts of
subjectivity of passengers in the elevator 1 which is ac-
tually operated, with respect to aptitude factors in the
case of changing specifications of sound content 30. It
should be noted that Fig. 11 illustrates sound content 30
which is evaluated to be most comfortable in the evalu-
ation results indicated in Figs. 22 and 23.
[0101] The results of evaluation of the sound content
30 are based on the SD method, by which the sound
content is evaluated as impressions on sounds on a mul-
tiple-point scale using a plurality of pairs of adjectives
indicated in Figs. 22 and 23. In the evaluation results of
this factor analysis, the sound content 30 according to
Embodiment 1 is highly evaluated.
[0102] Figs. 22 and 23 show examples of the pairs of
adjectives for use in the evaluation based on the SD
method. As illustrated in Figs. 22 and 23, in the results
of human subjective and physiological evaluation of
sound quality based on the SD method, seven pairs of
adjectives were used to evaluate each of sound content
on a five-point scale. The seven pairs of adjectives are
specifically "FEEL RELIEEVED - FEEL UNEASY", "UN-
CONSTRAINED - CONSTRAINED", "RELAXED -
NERVOUS", "OPEN - CLOSED", "REFRESHED -
GLOOMY", "WIDE - NARROW", and "COMFORTABLE
- UNCOMFORTABLE". Referring to Figs. 22 and 23,
evaluation was also made with respect to comfort and a
sense of wideness.
[0103] Figs. 22 and 23 show results of experiments
conducted on 40 men and women of all ages who were
collected as subjects. The ratio between male subjects
and female subjects is 1:1; that is, the subjects are 20
men and 20 women. Furthermore, the ratio between sub-
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jects separated by age is such that 20s:30s:40s:50s =
1:1:1:1, and each of the 20s to 50s age groups consisted
of ten persons. In addition, the subjects do not know one
another. Figs. 22 and 23 illustrate the averages of the
results. In each of the pairs of adjectives indicated in Figs.
22 and 23, the left adjective is an adjective corresponding
to "comfortable" or "good", and the right adjective is an
adjective corresponding to "uncomfortable" or "poor".
[0104] Referring to Fig. 22, the following are sound
content output toward the subjects:

(a): Reference signal, that is, sound content 30 ac-
cording to Embodiment 1
(b): Low-volume content obtained by reducing the
sound pressure level of the reference signal by -3 dB
(c): Low-volume additional sound content obtained
by reducing the sound pressure level of each of the
additional sounds of the reference signal by -3 dB
(d): Short-interval additional sound content obtained
by shortening intervals between the additional
sounds of the reference signal

[0105] It should be noted that the additional sounds of
the sound content (c) and (d) are the additional sound
32 (bird calls made by one or more birds) corresponding
to the above sound source (4) or the additional sound
(sound made by a bird when the bird beats its wings to
fly) corresponding to the sound source (5). The sound
pressure level of the additional sound 32 of the sound
content (c) is set lower by 3 dB than the sound pressure
level of the additional sound 32 of the sound content (a).
Furthermore, the additional sound 32 of the sound con-
tent (d) is radiated at shorter intervals than the additional
sound 32 of the sound content (a).
[0106] Fig. 22 illustrates the results of subjective and
physiological evaluations which were made on the sound
content (a) to (d) by the subjects after the subjects lis-
tened to the sound content (a) to (d) in the car 5. As a
result, as illustrated in Fig. 22, the sound content (a) was
given the best result as the result indicated by the pairs
of adjectives, the sound content (b) was given the second
best result, and the sound content (c) and (d) were given
the worst results overall. In particular, for the sound con-
tent (a), many of the subjects had "feel relieved" and
"open" impressions. Meanwhile, for the sound content
(d), many of the subjects had "gloomy" and "uncomfort-
able" impressions. Furthermore, for the sound content
(c), many of the subjects had "nervous" and "narrow"
impressions.
[0107] In such a manner, as can be seen from Fig. 22,
when any constituent element of sound from the sound
content (a), which is a reference signal, is changed, a
"comfortable" element is changed to an "uncomfortable"
element. That is, from the results of the factor analysis
on the sound content as illustrated in Fig. 22, it was clearly
confirmed that the sound content (a) can obtain better
results than the other sound content. Accordingly, it was
confirmed that the sound content 30 according to Em-

bodiment 1 can cause the subjects to have a sense of
relief, a sense of openness, and comfort.
[0108] Furthermore, as can be seen from the results
of the factor analysis in Fig. 22, a transient change in a
signal such as a bird call or a sound of a bird flight par-
ticularly contributes to an "uncomfortable" element.
When the sound pressure level of the additional sound
32 of a bird call or a sound of a bird flight is low as in the
sound content (c), comfort cannot be given to the pas-
senger even if the sound pressure level of the back-
ground sound 31 remains unchanged, and the passenger
thus tends to feel "uncomfortable". When the additional
sound 32 of a bird call or a sound of a bird flight is fre-
quently heard as in the sound content (d), the passenger
is made to have a noisy impression and thus tends to
feel "uncomfortable".
[0109] Referring to Fig. 23, the following are sound
content output toward the subjects:

(a): Reference signal, that is, sound content 30 ac-
cording to Embodiment 1
(e): Music (pop music including vocal)
(f): Music (symphony without vocal)

[0110] It should be noted that the sound content (a) is
the same as the sound content (a) illustrated in Fig. 22;
the sound content (e) is pop music including the singing
voice of a vocalist; and the sound content (f) is a sym-
phony not including the singing voice of a vocalist. There-
fore, the sound content (a) is a "meaningless sound", and
the sound content (e) and the sound content (f) are "mu-
sic" = "meaningful sounds".
[0111] Fig. 23 indicates the results of subjective and
physiological evaluations that were performed on the
sound content (a), (e), and (f) by subjects who listen to
the sound content (a), (e), and (f) in the car 5. As a result,
as indicated with pairs of adjectives in Fig. 23, the sound
content (a) had the best result, and the sound content
(e) and (f) had bad results overall. As can be seen from
Fig. 23, the results of evaluation of the pop music of the
sound content (e) and the symphony of the sound content
(f) change from "comfortable" elements to "uncomforta-
ble" elements in comparison with those of the sound con-
tent 30 including natural sounds. In particular, most of
the subjects had negative opinions, such as "NERVOUS"
and "NARROW", of the symphony of the sound content
(f), and the result of the evaluation appears to indicate,
as an impression, that the symphony of the content (f) is
unsuitable as sound content for use in the car 5. That is,
from the results of the factor analysis on the sound con-
tent as illustrated in Fig. 23, it was clearly confirmed that
the sound content (a) can obtain better results than the
other sound content. Accordingly, it was confirmed that
the sound content 30 including "meaningless sounds"
according to Embodiment 1 can make the subjects feel
relieved, open and comfortable.
[0112] As described above, it was confirmed from the
evaluation results as indicated in Figs. 22 and 23 that in
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the case where people who do not know each other are
present in a narrow closed space as in an elevator,
sounds generated in nature that everyone has heard can
make the people feel relieved. Furthermore, as for the
music content, it can be said that although it depends on
the contents of music, the people have likes and dislikes
for music content and always listen to the same music,
and the music content causes the peoples to have a
sense that is different from that which is given by natural
sounds.
[0113] The above description is made by referring
mainly to the case where one or two sound content 30
is stored in the storage unit 21c. This, however, is not
liming. The storage unit 21c may store a plurality of sound
content 30 for each of seasons and each of time periods
of living. Fig. 24 is a diagram illustrating examples of
sound sources of additional sounds 32 that are inserted
into respective sound content 30 for each season and
each time period of living. As illustrated in Fig. 24, sounds
of different kinds of living creatures that are used in ad-
ditional sounds 32 vary from one season to another and
from one time period of living to another. As the back-
ground sound 31, any of the above sources (1) to (3) is
applied.
[0114] Therefore, in this case, at least 16 sound con-
tent 30 corresponding to four seasons 3 four time periods
of living is created. Specifically, for example, in the case
where the season is "spring" and the time period of living
is "early morning", sound content 30 is created by adding
an additional sound 32 of at least one of sparrow, swal-
low, bush warbler, and Velarifictorus micado to the back-
ground sound 31 corresponding to any of the above
sound sources (1) to (3). Furthermore, for example, in
the case where the season is "autumn" and the time pe-
riod of living is "night", sound content 30 is created by
adding an additional sound 32 of at least one of horned
owl, Homoeogryllus japonicus, and Xenogryllus mar-
moratus to the background sound 31 corresponding to
any of the above sound sources (1) to (3). In this way, a
plurality of different sound content 30 is created in ad-
vance and stored in the storage unit 21c for each season
and each time period of living. The sound-field control
unit 21a acquires the current date-and-time data from
the timer unit 21d, and switches the sound content 30 to
sound content 30 corresponding to the actual season
and the actual time period of living, on the basis of the
date-and-time data.
[0115] In Embodiment 1, as described above, a plural-
ity of sound content 30 is prepared for each season and
each time period of living, and between the plurality of
sound content 30, the sound content 30 to be used may
be switched according to the actual season and the actual
time period of living. In that case, the passenger can be
made to auditorily feel, for example, the change of sea-
sons and the change of time periods of living without a
sense of mannerism, and this is highly likely to lead to
"healing" and "relaxation" for the passenger. Further-
more, some passenger may have a feeling of excitement

by recognizing switching between the plurality of sound
content 30 and take pleasure in getting on the car 5 of
the elevator 1. Thus, it is possible to further reduce the
stress on the passenger because of switching between
the plurality of sound content 30.
[0116] As described above, in the sound system 13
according to Embodiment 1, a plurality of sound sources
generated in nature are combined and played back, and
are radiated to a targeted closed space, whereby it is
possible to reduce the stress on a person in the closed
space.
[0117] Furthermore, in Embodiment 1, the number of
speaker cabinets 20 that are installed is basically 2. In
such a manner, two or more speaker cabinets 20 are
arbitrarily installed, and sound content 30 is radiated to
the targeted closed space in a plurality of directions,
whereby it is possible to provide a stereoscopic sound-
field environment and give a more natural sound-field
feeling.
[0118] In addition, as illustrated in Figs. 7 and 8, the
number of speaker units 23 that are provided in a single
speaker cabinet 20 may be larger than or equal to 2. In
this case, one speaker is a full-range speaker, and an-
other speaker is a speaker dedicated to a low-frequency
or high-frequency range and for use as an aid to the full-
range speaker. By virtue of this feature, the single speak-
er cabinet 20 can handle a wide frequency band from the
low-frequency range to the high-frequency range and ra-
diate sound for each fine frequency band. As a result, it
is possible to improve the feeling of sound quality, widen
the frequency band of sound to be played back, and eas-
ily achieve a "high sound quality system" that can cover
a wide frequency band.
[0119] However, the descriptions concerning the
above cases are not limiting, and the numbers of speaker
cabinets 20 and speaker units 23 may be 1. Also, in this
case, since the storage unit 21c stores in advance a plu-
rality of sound sources generated in nature and the
sound-field control unit 21a combines and play back the
plurality of sound sources. This leads to "healing" and
"relaxation" for the passenger in the closed space, and
enables the stress on the passenger to be further re-
duced.
[0120] In Embodiment 1, a sound signal is output in
the above manner, and as a result, a sound-field space
is created in a higher position than the head or chest of
a person such as a passenger in an closed space such
as the internal space of the car 5 of the elevator 1, on
which people who do not know each other have many
opportunities to get. This enables the passenger to, at
the same time as he or she gets on the car 5, auditorily
feel as if the narrow space were a wide space. As a result,
it is possible to reduce a stress caused by the "awkward-
ness" and "discomfort" that the passenger experiences
when riding with a stranger in a narrow environment.
[0121] Furthermore, a sound signal based on sound
content 30 generated by combining sounds from a plu-
rality of source sources generated in nature is output from
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the speaker system 22. Such radiation of sounds based
on sounds from nature enables the passenger to, even
in an closed space such as the internal space of the car
5 of the elevator 1, on which people who do not know
each other have many opportunities to get, auditorily feel
as if the narrow space were a wide space, and enabling
the stress to be reduced. Furthermore, since the sounds
from nature are "meaningless sounds", they are not af-
fected, for example, by passengers’ favorite genres, and
are less likely to be liked by some passengers and dis-
liked by other passengers. Furthermore, in the case
where the sound content 30 is a "meaningless sound",
a passenger does not particularly want to listen to the
sound content 30 from the beginning or listen to the sound
content 30 to the end. Therefore, when the passenger
gets on or off the car 5, no special stress acts on the
passenger halfway through the playback of the sound
content 30.
[0122] The above description concerning Embodiment
1 is made by referring mainly to the case where a sound
signal based on sound content 30 is output, but it is not
limiting. The storage unit 21c may store in advance a
plurality of sound sources generated in nature, not sound
content 30. In this case, the sound-field control unit 21a
combines and plays back two or more of the plurality of
sound sources. The sound-field control unit 21a selects,
for example, at least one of the backgrounds A to C of
the above sound sources (1) to (3) as the background
sound 31. Furthermore, the sound-field control unit 21a
selects at least one of the additional sounds A to D of the
above sound sources (4) to (7) as the additional sound
32. Then, the sound-field control unit 21a combines and
synchronizes the selected background sound 31 with the
selected additional sound 32, and plays back these com-
bined and synchronized background sound 31 and ad-
ditional sound 32. In such a manner, by combining and
playing back the background sound 31 and the additional
sound 32 based on sound sources generated in nature,
it is possible to reduce the stress on the passenger in the
closed space.
[0123] In the case where the sound-field control unit
21a combines and plays back sound sources stored in
the storage unit 21c, the sound-field control unit 21a
makes an adjustment at playback time such that the time
lengths for which the background sound 31 and the ad-
ditional sound 32 are played back coincide with the time
lengths of the time segments 33, which is described
above, for example, with reference to Fig. 11. The sound-
field control unit 21a sets the duration of one playback
to two minutes at the maximum, which is equivalent to
that of sound content 30, and continuously and repeat-
edly carries out the playback. Furthermore, the sound-
field control unit 21a sets the prelude part 34, the interlude
part 35, and the postlude part 36 at playback time, and
adjusts the sound pressure levels and time lengths of the
prelude part 34, the interlude part 35, and the postlude
part 36, as well as the sound content 30. In addition, the
sound-field control unit 21a adjusts the sound pressure

levels of the background sound 31 and the additional
sound 32 such that at playback time, the sound pressure
level of the additional sound 32 is higher than that of the
background sound 31, as well as the sound content 30.
That is, the sound-field control unit 21a adjusts the time
lengths and sound pressure levels of the background
sound 31 and the additional sound 32 at playback time
such that the background sound 31 and the additional
sound 32 are radiated in a similar manner to the manner
in which sound content 30 is radiated. In short, it is a
matter of whether to play back sound content 30 gener-
ated in advance or play back sound content 30 while
generating it. Therefore, in the both cases, the same
sound signal is output. Alternatively, time lengths and
sound pressure levels may be stored in advance as a
data table in the storage unit 21c, and the sound-field
control unit 21a may adjust the time lengths and sound
pressure levels of the background sound 31 and the ad-
ditional sound 32 based on the data table.
[0124] Furthermore, as illustrated in Fig. 24, a plurality
of sound content 30 or a plurality of sound sources may
be prepared for respective seasons and respective time
periods of living, and between these sound content 30
or sound sources, the sound content 30 or sound source
to be used may be switched according to the actual sea-
son and the actual time period of living. In that case, the
passenger can be made to auditorily feel, for example,
the change of seasons and the change of time periods
of living without feeling a sense of mannerism, and this
is highly likely to lead to "healing" and "relaxation" for the
passenger. This causes the stress on the passenger to
be further reduced.
[0125] Although the above description concerning Em-
bodiment 1 is made by referring to by way of example
the case where the internal space of the car 5 of the
elevator 1 is the closed space, the closed space may be
a waiting room of a hospital or a pharmacy. In the case
where the closed space is a waiting room of a hospital
or a pharmacy, the casing 25 of each speaker cabinet
20 is provided on an upper surface of a ceiling board of
the waiting room. That is, the casing 25 of each speaker
cabinet 20 is provided in a ceiling space located above
the ceiling board. Furthermore, the level at which a sound
field 27 is produced is set to be in a range of, for example,
1.2 m to 1.4 m in consideration of the case where the
passenger is seated in a chair.
[0126] Furthermore, the closed space may be an in-
ternal space of an automobile or a train. The "automobile"
encompasses a passenger car and a bus. In the case
where the closed space is the internal space of a pas-
senger car such as a taxi, the casing 25 of each speaker
cabinet 20 is located in a ceiling that is located above the
internal space, or is located in a space defined by a dash-
board located in front of a driver’s seat. In this case, the
level at which a sound field 27 is produced is set to be in
the range of, for example, 1.2 m to 1.4 m in consideration
of the case where the passenger is seated in a seat of a
passenger car. Meanwhile, in the case where the closed
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space is the internal space of a train or a bus, the casing
25 of each speaker cabinet 20 is located in a ceiling that
is located above the internal space. In this case, the level
at which a sound field 27 is produced may be set to be
in the range of, for example, 1.6 to 1.8 m in consideration
of the case where the passenger stands in the car, or
may be set to be in the range of, for example, 1.2 to 1.4
m in consideration of the case where the passenger is
seated in a seat.

Reference Signs List

[0127] 1: elevator, 2: hoistway, 3: hoisting machine,
3a: sheave, 4: main rope, 5: car, 5a: side board, 5b: floor
board, 5c: ceiling board, 5d: car door, 5e: lighting device,
5ea: illumination surface, 5f: car operation panel, 5g:
emergency speaker, 5h: interphone device, 7: elevator
control panel, 8: control cable, 9: car control device, 9a:
input unit, 9b: control unit, 9c: output unit, 9d: storage
unit, 10: suspended ceiling, 10a: side surface, 10b: lower
surface, 11: gap, 13: sound system (closed space sound
system), 20: speaker cabinet, 21: sound-field control de-
vice, 21a: sound-field control unit, 21b: output unit, 21c:
storage unit, 21d: timer unit, 22: speaker system, 23:
speaker unit, 23-1: speaker unit, 23-2: speaker unit, 23L:
speaker unit, 23L-1: speaker unit, 23L-2: speaker unit,
23Lv: virtual speaker unit, 23R: speaker unit, 23R-1:
speaker unit, 23R-2: speaker unit, 23Rv, virtual speaker
unit, 23a: radiation surface, 25: casing, 25a: front surface,
27: sound field, 27a: lower limit, 30 sound content (sound
signal), 31 background sound, 32: additional sound, 33:
time segment, 34: prelude part, 35: interlude part, 36:
postlude part, 37: ellipse, 38: ellipse, 40: sound content
creating device, 40a: output unit, 40b: signal processing
unit, 40c: storage unit, 40d: input unit, 60: passenger, 70:
passenger, 70L: left ear, 70R: right ear, 82: propagation
time, 83: propagation time, D: first gap distance, D2: sec-
ond distance, D3: third distance, H1: height, H2: height

Claims

1. A closed space sound system comprising:

a speaker system provided in a closed space
and including one or more speaker units;
a storage unit configured to store a plurality of
sound sources generated in nature; and
a sound-field control unit configured to combine
and play back two or more of the plurality of
sound sources and to cause a sound signal
based on the combined two or more sound
sources to be radiated from the speaker system
to the closed space.

2. The closed space sound system of claim 1, wherein

the sound signal includes

a background sound whose sound source
is a first sound source, and
an additional sound whose sound source is
a second sound source different from the
first sound source and which is added to the
background sound, and

the sound signal is a combination of the back-
ground sound and the additional sound that is
achieved by adding the additional sound to the
background sound.

3. The closed space sound system of claim 2, wherein

over an entire time length of the sound signal,
time of the sound signal is divided into a plurality
of time segments whose time lengths are each
set to one of two different time lengths,
the background sound is set all over the time
segments,
the additional sound includes additional sounds
that are each set for an associated one of the
time segments,
during playback of the sound signal, the back-
ground sound is continuously radiated all over
the time segments, and the additional sounds
are each radiated in the associated one of the
time segments.

4.  The closed space sound system of claim 3, wherein

the time segments include

first time segments in which the additional
sounds are added to the background sound,
and
second time segments in which the addi-
tional sounds are not added to the back-
ground sound, and

at least one of the second time segments is pro-
vided between adjacent ones of the first time
segments.

5. The closed space sound system of claim 3 or 4,
wherein

the entire time length of the sound signal is short-
er than or equal to two minutes, and
the sound-field control unit is configured to
cause the sound signal to be repeatedly and
continuously radiated from the speaker system.

6. The closed space sound system of any one of claims
2 to 5, wherein

the first sound source is a sound generated in
an environment of the nature, and
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the background sound is a sound generated
based on a state of the environment of the na-
ture.

7. The closed space sound system of claim 6, wherein
the background sound includes at least one of a
sound of trees swinging in wind, a sound of water
flowing in a river or a sea, a sound of a crowd, and
a sound of an artificial material moving.

8. The closed space sound system of any one of claims
2 to 7, wherein

the second sound source is a sound made by a
living creature in the nature, and
the additional sound is a sound made by an ac-
tion of the living creature of the nature.

9.  The closed space sound system of claim 8, wherein
the additional sound includes a bird call made by one
or more birds, a sound made when one or more birds
beat their wings to fly, a sound of one or more insets,
an animal call made by one or more animals, and a
human voice.

10. The closed space sound system of any one of claims
2 to 9, wherein a sound pressure level of the addi-
tional sound is higher than a sound pressure level
of the background sound.

11. The closed space sound system of claim 10, wherein
a difference between the sound pressure level of the
additional sound and the sound pressure level of the
background sound is greater than or equal to 10 dB.

12. The closed space sound system of any one of claims
2 to 11, wherein a frequency band of the additional
sound is set higher than or equal to 800 Hz and lower
than or equal to 15 kHz.

13. The closed space sound system of any one of claims
3 to 12, wherein the sound signal includes

a prelude part including one or more of the time
segments,
a postlude part including one or more of the time
segments, and
an interlude part set between the prelude part
and the postlude part and including one of the
time segments.

14. The closed space sound system of claim 13, wherein
a third level is higher than a first level and a second
level, where the first level is a maximum value of the
sound pressure levels of the additional sounds in the
time segments included in the prelude part, the sec-
ond level is a maximum value of the sound pressure
levels of the additional sounds in the time segments

included in the postlude part, and the third level is a
maximum value or an average value of the sound
pressure levels of the additional sounds in the time
segment included in the interlude part.

15. The closed space sound system of claim 13 or 14,
wherein a third time length is longer than a first time
length and a second time length, where the first time
length is a time length of a longest one, in time length,
of the time segments included in the prelude part,
the second time length is a time length of a longest
one, in time length, of the time segments included in
the postlude part, and the third time length is a time
length of the time segment included in the interlude
part.

16. The closed space sound system of any one of claims
1 to 15, further comprising a timer unit configured to
count current date and time,

wherein the storage unit is configured to store
the plurality of sound sources produced for each
of seasons and each of time periods of living,
and
the sound-field control unit is configured to ac-
quire current date-and-time data from the timer
unit, read out from the storage unit, a sound
source corresponding to an actual season and
an actual time period of living, based on the date-
and-time data, and causes the sound signal
based on the sound source to be radiated from
the speaker system.

17. The closed space sound system of any one of claims
1 to 16, wherein

the closed space is an internal space of a car of
an elevator, and
each of the speaker units is provided inside a
suspended ceiling fixed to a ceiling board of the
car of the elevator.
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