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(54) DEVICE FOR OUTPUTTING AUDIO SIGNAL AND METHOD FOR OUTPUTTING AUDIO SIGNAL

(57) Provided is a device for outputting an audio sig-
nal. The device includes: a vibrator configured to output
the audio signal; a vibrator cover provided on the vibrator
to transmit the output audio signal to a surface of an object
mounted with the device; a sensor configured to measure
a pressure between the surface of the object and the

vibrator cover; a distance adjusting unit configured to ad-
just a distance between the surface of the object and the
vibrator cover based on the pressure measured by the
sensor to optimally output the audio signal; and a control
unit configured to control the vibrator, the sensor, and
the distance adjusting unit.
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Description

TECHNICAL FIELD

[0001] The inventive concept relates to a device for
outputting an audio signal and a method for processing
and outputting an audio signal. In particular, the inventive
concept relates to a device for outputting an audio signal
through a surface of a body and a method for processing
and outputting an audio signal output through a surface
of a body.

BACKGROUND ART

[0002] A person may hear a sound by an air conduction
method or a bone conduction method. According to the
bone conduction method, a sound may be transmitted
through a skull to a cochlea and then transmitted through
an auditory nerve to a brain. Since a sound vibration ap-
plied to a skin surface around an ear may be directly
transmitted to a cochlea through a skull instead of through
the air, a hearer may hear a sound while having a mini-
mized sound leaking to the outside.
[0003] A wearable device such as a smart watch or a
smart ring may be used while being attached to a body
surface of a user. According to the bone conduction meth-
od, the user may hear a sound vibration, which is output
by the wearable device to a skin surface of the user,
through his skull.

DETAILED DESCRIPTION OF THE INVENTION

TECHNICAL PROBLEM

[0004] The inventive concept is to provide a device for
outputting an audio signal in an optimal state through a
surface of an object. Also, the inventive concept relates
to a method for processing an audio signal to output an
audio signal in an optimal state through a surface of an
object.

TECHNICAL SOLUTION

[0005] According to an exemplary embodiment, a de-
vice for outputting an audio signal includes: a vibrator
configured to output the audio signal; a vibrator cover
provided on the vibrator to transmit the output audio sig-
nal to a surface of an object mounted with the device; a
sensor configured to measure a pressure between the
surface of the object and the vibrator cover; a distance
adjusting unit configured to adjust a distance between
the surface of the object and the vibrator cover based on
the pressure measured by the sensor to optimally output
the audio signal; and a control unit configured to control
the vibrator, the sensor, and the distance adjusting unit.
[0006] In addition, the control unit may preprocess the
audio signal based on a pressure value measured by the
sensor to optimally output the audio signal, and the vi-

brator may output the audio signal preprocessed by the
control unit.
[0007] In addition, the device may further include a mi-
crophone configured to receive an audio signal of a pre-
vious frame output by the vibrator, wherein the control
unit may analyze a characteristic of the received audio
signal of the previous frame and preprocess an audio
signal of a current frame based on the analyzed charac-
teristic of the audio signal of the previous frame to opti-
mally output the audio signal of the current frame, and
the vibrator may output the audio signal of the current
frame preprocessed by the control unit.
[0008] In addition, the microphone may receive the au-
dio signal of the previous frame output by the vibrator
through the surface of the object.
[0009] In addition, the distance adjusting unit may ad-
just a distance between the surface of the object and the
device by lifting the device on the surface of the object
or inside the device.
[0010] In addition, the distance adjusting unit may in-
clude a strap wound on the surface of the object, and the
distance adjusting unit may adjust the distance between
the surface of the object and the vibrator cover by winding
the strap or by adjusting a length of the strap.
[0011] In addition, the vibrator cover may include a ma-
terial that is capable of maintaining a predetermined dis-
tance between the surface of the object and the device
when the device is attached to the surface of the object.
[0012] In addition, the device may further include a vi-
brator support provided on an opposite side in an output
direction of the audio signal with respect to the vibrator
and configured to support the vibrator while having a min-
imized contact area with the vibrator.
[0013] According to an exemplary embodiment, a
method for outputting an audio signal from a device in-
cludes: receiving an audio signal of a previous frame out-
put by the device through a surface of an object mounted
with the device; analyzing a characteristic of the received
audio signal of the previous frame; preprocessing an au-
dio signal of a current frame based on the analyzed char-
acteristic of the audio signal of the previous frame to op-
timally output the audio signal of the current frame; and
outputting the preprocessed audio signal of the current
frame.
[0014] In addition, the preprocessing of the audio sig-
nal may include: acquiring a reference value about the
output audio signal of the previous frame; acquiring a
difference value between the reference value and a value
representing the analyzed characteristic of the audio sig-
nal of the previous frame; and preprocessing the audio
signal of the current frame based on the difference value.
[0015] In addition, the preprocessing of the audio sig-
nal may include: acquiring an input audio signal corre-
sponding to the output audio signal of the previous frame;
acquiring a characteristic of the input audio signal; ac-
quiring a difference between the characteristic of the in-
put audio signal and the characteristic of the audio signal
of the previous frame; and preprocessing the audio signal
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of the current frame based on the acquired difference.
[0016] In addition, the method may further include ad-
justing a distance between the surface of the object and
the device based on the analyzed characteristic of the
audio signal of the previous frame to optimally output the
audio signal of the current frame.

DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is an exemplary diagram illustrating an exam-
ple of a device according to an exemplary embodi-
ment.
FIG. 2 is an exemplary diagram illustrating an exam-
ple of an internal structure of a sound output unit 110
of a device 100, according to an exemplary embod-
iment.
FIG. 3 is an exemplary diagram illustrating an exam-
ple of a process for transmitting an audio signal of a
device, according to an exemplary embodiment.
FIG. 4 is an exemplary diagram illustrating an exam-
ple of a user’s posture for hearing an audio signal,
according to an exemplary embodiment.
FIG. 5 is a block diagram illustrating an internal struc-
ture of a device according to an exemplary embod-
iment.
FIG. 6 is an exemplary diagram illustrating an exam-
ple of adjusting a distance between a skin and a de-
vice, according to an exemplary embodiment.
FIG. 7 is a block diagram illustrating an internal struc-
ture of a device for outputting an audio signal, ac-
cording to an exemplary embodiment.
FIG. 8 is an exemplary diagram illustrating an exam-
ple of a microphone according to an exemplary em-
bodiment.
FIG. 9 is a flowchart illustrating a method for output-
ting an audio signal, according to an exemplary em-
bodiment.

BEST MODE

[0018] Hereinafter, exemplary embodiments of the in-
ventive concept will be described in detail with reference
to the accompanying drawings. However, in the following
description, well-known functions or configurations are
not described in detail since they would obscure the sub-
ject matters of the inventive concept in unnecessary de-
tail. Also, like reference numerals may denote like ele-
ments throughout the specification and drawings.
[0019] The terms or words used in the following de-
scription and claims are not limited to the general or bib-
liographical meanings, but are merely used by the inven-
tor to enable a clear and consistent understanding of the
inventive concept. Thus, since the embodiments de-
scribed herein and the configurations illustrated in the
drawings are merely exemplary embodiments of the in-
ventive concept and do not represent all of the inventive

concept, it will be understood that there may be various
equivalents and modifications thereof.
[0020] In the accompanying drawings, some compo-
nents may be exaggerated, omitted, or schematically il-
lustrated, and the size of each component may not com-
pletely reflect an actual size thereof. The scope of the
inventive concept is not limited by the relative sizes or
distances illustrated in the accompanying drawings.
[0021] Throughout the specification, when something
is referred to as "including" a component, another com-
ponent may be further included unless specified other-
wise. Also, when an element is referred to as being "con-
nected" to another element, it may be "directly connect-
ed" to the other element or may be "electrically connect-
ed" to the other element with one or more intervening
elements therebetween.
[0022] Also, the term "unit" used herein may refer to a
software component or a hardware component such as
a field-programmable gate array (FPGA) or an applica-
tion-specific integrated circuit (ASIC), and the "unit" may
perform certain functions. However, the term "unit" is not
limited to software or hardware. The "unit" may be con-
figured so as to be in an addressable storage medium,
or may be configured so as to operate one or more proc-
essors. Thus, for example, the "unit" may include com-
ponents, such as software components, object-oriented
software components, class components, and task com-
ponents, processes, functions, attributes, procedures,
subroutines, segments of program codes, drivers,
firmware, microcodes, circuits, data, databases, data
structures, tables, arrays, and variables. A function pro-
vided by the components and "units" may be associated
with the smaller number of components and "units", or
may be divided into additional components and "units".
[0023] Hereinafter, exemplary embodiments of the in-
ventive concept will be described in detail with reference
to the accompanying drawings so that those of ordinary
skill in the art may easily implement the exemplary em-
bodiments. However, the exemplary embodiments may
have different forms and should not be construed as be-
ing limited to the descriptions set forth herein. In addition,
portions irrelevant to the description of the exemplary
embodiments will be omitted in the drawings for a clear
description of the exemplary embodiments, and like ref-
erence numerals will denote like elements throughout
the specification.
[0024] Hereinafter, exemplary embodiments of the in-
ventive concept will be described with reference to the
accompanying drawings.
[0025] FIG. 1 is an exemplary diagram illustrating an
example of a device according to an exemplary embod-
iment.
[0026] Referring to FIG. 1, a device 100 may be a smart
watch as illustrated. However, the device 100 is not lim-
ited thereto and may be any device that may be used by
being attached to a body of a user. For example, the
device 100 may include a wearable device, such as a
smart ring, a smart band, or smart glasses, an acoustic
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device, and a smart phone that may be attached to the
body of the user to output an audio signal.
[0027] The device 100 according to an exemplary em-
bodiment may be used by being attached to a body sur-
face of the user, but is not limited thereto and may be
used by being attached to a surface of any object. Here-
inafter, for convenience of description, it is assumed that
the device 100 is used by being attached to the body
surface of the user.
[0028] The device 100 may include a strap 120 so that
the device 100 may be attached to the body of the user
by winding the strap 120 on a wrist of the user. However,
the device 100 is not limited thereto and may be attached
to any body part of the user according to the shape and
size of the device 100. For example, the device 100 may
be attached to a hand, a back of a hand, a finger, a fin-
gernail, or a fingertip.
[0029] The device 100 may include a sound output unit
110 on a side that may contact the body of the user. The
device 100 attached to the body of the user may output
an audio signal through the sound output unit 110. The
sound output unit 110 may include a vibrator that may
generate a sound vibration corresponding to an audio
signal. An audio signal may be output by the vibrator
generating a sound vibration. A sound vibration output
by the vibrator may be transmitted through the body sur-
face of the user to an ear of the user, so that the user
may hear an audio signal.
[0030] The sound vibration may be transmitted to the
user through the body surface or a skull of the user with-
out being transmitted through the air. The device 100
may transmit a sound to the user by the bone conduction
method instead of by the air conduction method. The
sound vibration generated by the vibrator may be trans-
mitted to the user through the body surface of the user
instead of through the air.
[0031] In addition to the vibrator, the sound output unit
110 of the device 100 may further include at least one
component through which the sound vibration generated
by the vibrator may be better transmitted to the user. For
example, the sound output unit 110 may further include
a vibrator cover for covering the vibrator and a vibrator
support for increasing the directivity of the sound vibra-
tion.
[0032] Hereinafter, an internal structure of the sound
output unit 110 of the device 100 will be described in
detail with reference to FIG. 2.
[0033] FIG. 2 is an exemplary diagram illustrating an
example of the internal structure of the sound output unit
110 of the device 100, according to an exemplary em-
bodiment.
[0034] Referring to FIG. 2, the sound output unit 110
may include a vibrator cover 111, a vibrator 112, a vibra-
tor support 113, and a support cover 114.
[0035] The vibrator cover 111 may protect the vibrator
112 by covering the side and top of the vibrator 112. Also,
the vibrator cover 111 may transmit a sound vibration
generated by the vibrator 112 to the body surface of the

user. The sound vibration may be output in an optimal
state when a predetermined distance is maintained be-
tween the body surface of the user and the vibrator cover
111.
[0036] When a sound vibration is transmitted from one
medium to another medium of a different material, only
when a vibration may be generated in each medium due
to the sound vibration and a proper distance may be
maintained between the mediums to transmit the sound
vibration, the amount of a sound vibration lost in the trans-
mission process may be minimized. When the distance
between the mediums is too small, since the vibration in
each medium due to the sound vibration may be dis-
turbed, the sound vibration may not be properly trans-
mitted between the mediums. Also, when the distance
between the mediums is too large, since the sound vi-
bration may be transmitted through the mediums instead
of through the air, the transmission of the sound vibration
between the mediums may be difficult. The sound vibra-
tion may be transmitted through a solid or liquid medium
except the air.
[0037] The sound vibration generated by the vibrator
112 may be transmitted through the vibrator cover 111
to the body surface of the user. Thus, the distance be-
tween the vibrator 112 and the vibrator cover 111 and
the distance between the body surface of the user and
the vibrator cover 111 may be properly maintained to
optimally transmit the sound vibration.
[0038] The vibrator cover 111 may include a material
that may maintain a certain distance between the body
surface and the vibrator 112. For example, the vibrator
cover 111 may include a hard silicon material that may
maintain a predetermined distance from a skin surface
of the user. However, the vibrator cover 111 is not limited
thereto and may include any material that may maintain
a predetermined distance between the skin surface of
the user and the vibrator 112.
[0039] The vibrator 112 may convert an audio signal
into a sound vibration and output the sound vibration.
The sound vibration generated by the vibrator 112 may
be output toward the body surface of the user. When the
sound vibration generated by the vibrator 112 is output
through a path other than the body surface of the user,
the sound vibration may leak to the outside to cause user
privacy invasion and noise damage to other persons.
Thus, in order to prevent the outside leakage of the sound
vibration generated by the vibrator 112, the sound output
unit 110 may further include the vibrator support 113 and
the support cover 114.
[0040] The area of the vibrator support 113 on the side
contacting the vibrator 112 may be minimized so that the
sound vibration generated by the vibrator 112 may not
leak in an opposite direction to the side contacting the
body surface. Since the contact area with the vibrator
112 generating the sound vibration is minimized, the
amount of a sound vibration leaking to the outside after
transmission to the vibrator support 113 may be mini-
mized. On the other hand, the area of the vibrator support
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113 on the side not contacting the vibrator 112 may be
relatively large for stable support of the vibrator 112, un-
like the side contacting the vibrator 112. For example, as
for the vibrator support 113, the side contacting the vi-
brator 112 may have a smaller area, and the opposite
side thereof may have a larger area and have the shape
of a cone, a triangular pyramid, a diamond, or the like.
[0041] The support cover 114 may be located at a lower
end of the vibrator support 113 to cover the vibrator sup-
port 113. The support cover 114 may be filled with a
soundproofing material so that the sound vibration gen-
erated by the vibrator 112 may not leak outside the sup-
port cover 114.
[0042] 210 of FIG. 2 represents an example of a struc-
ture of a combination of the vibrator cover 111, the vibra-
tor 112, the vibrator support 113, and the support cover
114. The vibrator cover 111 and the support cover 114
may be formed to cover the side surfaces and the front
and rear surfaces of the vibrator 112 and the vibrator
support 113 respectively.
[0043] FIG. 3 is an exemplary diagram illustrating an
example of a process for transmitting an audio signal of
a device, according to an exemplary embodiment.
[0044] Referring to FIG. 3, when an audio signal to be
output by the device 100 is input, the sound output unit
110 may convert the input audio signal into a sound vi-
bration (116). The sound vibration may be output through
the sound output unit 110 (117). The output sound vibra-
tion may be transmitted through the vibrator cover 111
to the body surface of the user.
[0045] The vibrator cover 111 may be configured to
well transmit the sound vibration to the body surface of
the user. For example, the vibrator cover 111 may include
a material that may maintain a certain distance from the
body surface of the user.
[0046] When the device 100 including the sound output
unit 110 moves toward a face of the user (131), the output
sound vibration may be transmitted through the skull to
the user and the user may hear an audio signal (132).
[0047] The sound output unit 110 may further include
the vibrator support 113 and the support cover 114 so
that the sound vibration generated by the vibrator may
not leak in the opposite direction to the body direction of
the user. Thus, since the sound vibration leaking to the
outside may be minimized, the sound vibration may be
transmitted in an optimal state to the user through the
body surface of the user.
[0048] FIG. 4 is an exemplary diagram illustrating an
example of a user’s posture for hearing an audio signal,
according to an exemplary embodiment.
[0049] 410 to 430 of FIG. 4 represent an example of a
user’s posture for hearing a sound vibration through the
skull.
[0050] Referring to 410 of FIG. 4, the user may hear
an audio signal by touching an ear with a hand mounted
with the sound output unit 110 outputting a sound vibra-
tion. The sound vibration output by the sound output unit
110 may be transmitted through the hand to the ear, so

that the user may hear an audio signal. Since the sound
vibration may be transmitted better through the body sur-
face or the skull than through the air, the user may take
a posture for transmitting the sound vibration through his
body to his ear.
[0051] Referring to 420 of FIG. 4, the user may hear
an audio signal by touching an earhole with a finger
mounted with the sound output unit 110 outputting a
sound vibration. The sound vibration output by the sound
output unit 110 may be transmitted through the finger
and the earhole to the user, so that the user may hear
an audio signal.
[0052] Referring to 430 of FIG. 4, the user may hear
an audio signal by touching a face with a hand mounted
with the sound output unit 110 outputting a sound vibra-
tion. The sound vibration output by the sound output unit
110 may be transmitted through the hand and the face
to the skull. The user may hear an audio signal by sensing
the sound vibration transmitted through the skull.
[0053] FIG. 5 is a block diagram illustrating an internal
structure of a device according to an exemplary embod-
iment.
[0054] Referring to FIG. 5, a device 500 may include
a vibrator 510, a vibrator cover 520, a sensor 530, a con-
trol unit 540, and a distance adjusting unit 550.
[0055] The vibrator 510 may output an audio signal. In
detail, the vibrator 510 may convert an audio signal,
which is to be output by the device 500, into a sound
vibration and output the sound vibration. The user may
hear an audio signal by the bone conduction method.
The sound vibration output by the vibrator 510 may be
transmitted to the user through the skin surface and the
skull of the user.
[0056] The vibrato cover 520 may be provided on the
vibrator 510 to transmit the audio signal (i.e., the sound
vibration) output from the vibrator 510 to the skin surface
of the user mounted with the device 500. It is important
to maintain a certain distance between the vibrator cover
520 and the skin surface of the user so that the sound
vibration output from the vibrator 510 may be transmitted
to the user while having an optimal sound quality and
volume. When a predetermined distance is not main-
tained between the vibrator cover 520 and the skin sur-
face of the user, the sound quality and volume of the
sound vibration transmitted to the user may be degraded.
Thus, the vibrator cover 520 may include a material that
may maintain a certain distance from the skin surface of
the user. Also, the distance between the vibrator cover
520 and the skin surface of the user may be adjusted by
the distance adjusting unit 550 so that the distance may
be maintained to be constant.
[0057] The sensor 530 may include a pressure sensor
for measuring a pressure between the device 500 and
the skin surface of the user. The distance between the
device 500 and the skin surface of the user may be es-
timated based on the pressure between the device 500
and the skin surface of the user. For example, as the
pressure measured by the sensor 530 increases, the dis-
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tance between the device 500 and the skin surface of
the user decreases. According to the pressure measured
by the sensor 530, the device 500 may adjust the distance
between the device 500 and the skin surface of the user
to maintain a predetermined distance between the device
500 and the skin surface of the user. The sensor 530 is
not limited to the pressure sensor and may further include
any sensor that may measure the distance between the
device 500 and the skin surface of the user.
[0058] The control unit 540 may preprocess the audio
signal based on the pressure value measured by the sen-
sor 530 to optimally output the audio signal. For example,
the control unit 540 may preprocess the audio signal
based on the distance between the device 500 and the
skin surface of the user, to which the sound vibration is
to be transmitted.
[0059] The control unit 540 may preprocess the audio
signal by considering that the sound quality and volume
of the sound vibration may be degraded when a prede-
termined distance is not maintained between the device
500 and the skin surface of the user. According to the
distance between the device 500 and the skin surface of
the user, the control unit 540 may preprocess the audio
signal to increase the volume of the sound vibration.
[0060] Also, based on the pressure value measured
by the sensor 530, the control unit 540 may control the
distance adjusting unit 550 to adjust the distance be-
tween the device 500 and the skin surface of the user to
optimally output the audio signal. The distance adjusting
unit 550 may adjust the distance between the device 500
and the skin surface of the user by using a strap or a
lifting unit in the device 500.
[0061] The distance adjusting unit 550 may adjust the
distance between the device 500 and the skin surface of
the user under the control of the control unit 540. The
distance adjusting unit 550 may adjust the distance by
using a strap or a lifting unit provided inside or outside
the device 500. By winding the strap on the skin surface
of the user, the device 500 may be attached to the skin
surface of the user. Since the distance between the de-
vice 500 and the skin surface may decrease as the strap
is tightened, the device 500 may adjust the distance by
using the strap.
[0062] The lifting unit may be located inside or outside
the device 500 to lift the device 500 to adjust the distance
between the device 500 and the skin surface of the user.
Also, the distance between the device 500 and the skin
surface of the user may be adjusted by winding the strap
or adjusting the length of the strap under the control of
the control unit 540. The strap may include a material
that may adjust the length of the strap under the control
of the control unit 540.
[0063] A method of adjusting the distance by the dis-
tance adjusting unit 550 will be described below in detail
with reference to FIG. 6.
[0064] FIG. 6 is an exemplary diagram illustrating an
example of adjusting the distance between the skin and
the device 500, according to an exemplary embodiment.

[0065] Referring to 610 and 620 of FIG. 6, lifting units
611 and 621 may be located in the device 500 and may
be lifted to adjust the distance between the device 500
and the skin surface mounted with the device 500. As
illustrated in 610 and 620 of FIG. 6, when the lifting units
611 and 621 are lifted while contacting the vibrator 510
or the sensor 530, the pressure between the device 500
and the skin may increase and thus the distance between
the device 500 and the skin may decrease.
[0066] Referring to 630 of FIG. 6, the device 500 may
adjust the distance between the device 500 and the skin
by winding a strap 631. Also, the device 500 may adjust
the distance between the device 500 and the skin by
adjusting the length of the strap 631. The strap 631 may
include a material the length of which may be adjusted
by the device 500. The distance between the device 500
and the skin may be reduced by winding the strap 631
or reducing the length of the strap 631.
[0067] The distance adjusting unit 550 of the device
500 may include at least one of the exemplary configu-
rations illustrated in 610 to 630 of FIG. 6. The distance
adjusting unit 550 may adjust the distance between the
device 500 and the skin by including at least one of the
lifting units 611 and 621 and the strap 631.
[0068] FIG. 7 is a block diagram illustrating an internal
structure of a device 700 for outputting an audio signal,
according to an exemplary embodiment.
[0069] Referring to FIG. 7, the device 700 may include
a vibrator 710, a vibrator cover 720, a sensor 730, a con-
trol unit 740, a distance adjusting unit 750, and a micro-
phone 760. The device 700 of FIG. 7 may correspond to
the device 500 of FIG. 5 and may further include the
microphone 760 in comparison with the device 500 of
FIG. 5.
[0070] The microphone 760 may acquire an audio sig-
nal output by the vibrator 710. The control unit 740 may
analyze the characteristic of the audio signal acquired
by the microphone 760 and preprocess the audio signal
of a current frame or adjust the distance based on a result
of the analysis. By receiving the feedback about the audio
signal by using the microphone 760, the control unit 740
may output the preprocessed audio signal or adjust the
distance to optimally output the audio signal of the current
frame. The microphone 760 may be configured to acquire
the audio signal output by the vibrator 710 by contacting
the skin surface.
[0071] The distance between the device 500 and the
skin may change according to the movement of the user.
When the distance between the device 500 and the skin
changes, the sound quality and volume of the audio sig-
nal output by the vibrator 710 may change. Thus, by using
the audio signal input by the microphone 760, the control
unit 740 may preprocess the audio signal or adjust the
distance so that the audio signal may be transmitted with
the optimal sound quality and volume in real time to the
user.
[0072] Also, for example, the sound quality, volume,
and energy of the output audio signal of the input audio
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signal may vary according to the skin thickness, the skin
state of the user, and the transmission path of the sound
vibration. For example, since the conductivity of the
sound vibration may change according to the state and
type of the transmission medium for the sound vibration,
the characteristics of the sound quality and volume of the
audio signal transmitted to the user may change. For
example, the skin thickness of a fat person and a thin
person may vary according to the fat mass thereof. Thus,
the sound vibrations transmitted to a fat person and a
thin person may have different frequency band-depend-
ent energy values even in the case of the same input
audio signal. The device 500 may preprocess and output
the audio signal so that the audio signal may be output
with the characteristics similar to the characteristics of
the input audio signal.
[0073] FIG. 8 is an exemplary diagram illustrating an
example of a microphone according to an exemplary em-
bodiment.
[0074] As illustrated in FIG. 8, a microphone 810 of a
device 800 according to an exemplary embodiment may
be provided at a strap of the device 800. An audio signal
output by a vibrator 820 may be output in the form of a
sound vibration that is transmitted through the skin sur-
face and the skull instead of through the air. Thus, the
microphone 810 provided at the strap may receive the
audio signal output by the vibrator 820 through the skin
surface of the user.
[0075] The microphone 810 may be provided at the
strap as illustrated in FIG. 8, but is not limited thereto and
may be provided at the body surface of the user that may
receive the sound vibration.
[0076] FIG. 9 is a flowchart illustrating a method for
outputting an audio signal, according to an exemplary
embodiment.
[0077] Referring to FIG. 9, in operation S910, the de-
vice 100 may receive the audio signal of a previous frame
output by the device 100 through the surface of the object
mounted with the device 100. The device 100 may re-
ceive the audio signal of the previous frame by using a
microphone that may receive the audio signal through
the surface of the object. The object may include the body
of the user hearing the audio signal. By analyzing the
received audio signal of the previous frame, the device
100 may preprocess and output the audio signal of the
current frame so that the audio signal of the current frame
may be transmitted with the optimal sound quality and
volume to the user.
[0078] The device 100 may receive and process the
audio signal on a frame-by-frame basis, but is not limited
thereto and may receive and process the audio signal on
a various time unit-by-unit basis. Hereinafter, for conven-
ience of description, it is assumed that the device 100
receives and processes the audio signal on a frame-by-
frame basis.
[0079] In operation S920, the device 100 may analyze
the characteristic of the audio signal of the previous frame
received in operation S910.

[0080] For example, the device 100 may acquire the
difference between the input audio signal and the re-
ceived audio signal in order to analyze the characteristic
of the received audio signal. The input audio signal may
refer to the audio signal that is input to the vibrator 112
of the device 100, corresponding to the audio signal re-
ceived by the microphone. The device 100 may obtain
an energy spectrum of the input audio signal and the
received audio signal in the frequency domain and ac-
quire an energy value difference in each frequency band.
[0081] Also, for example, in addition to the energy val-
ue difference in each frequency band, the device 100
may acquire the difference value of the sound quality,
tone, or volume between the input audio signal and the
received audio signal.
[0082] The device 100 may acquire the difference be-
tween the input audio signal and the received audio signal
as the characteristic of the audio signal of the previous
frame.
[0083] As another example, the device 100 may ac-
quire the characteristic of the audio signal, such as the
sound quality, tone, or volume of the audio signal re-
ceived by the microphone, as the characteristic of the
audio signal of the previous frame. For example, the de-
vice 100 may predetermine a reference value about the
sound quality, tone, or volume of the audio signal for each
frequency band or each time point. The device 100 may
obtain the signal characteristic such as the sound quality,
tone, or volume of the received audio signal and acquire
the difference value between the reference value and the
value representing the characteristic of the audio signal
as the characteristic of the audio signal of the previous
frame.
[0084] In operation S930, the device 100 may preproc-
ess the audio signal of the current frame based on the
analyzed characteristic of the audio signal of the previous
frame to optimally output the audio signal of the current
frame.
[0085] For example, the device 100 may preprocess
the audio signal of the current frame according to a dif-
ference value from the reference value or the input audio
signal of the audio signal of the previous frame. The de-
vice 100 may preprocess the audio signal of the current
frame by correcting the audio signal of the current frame
by the difference value. When correcting the volume of
the audio signal, the device 100 may correct the audio
signal of the current frame by the difference value of the
volume for each frequency band or each time point. When
the energy value of the audio signal of the previous frame
is smaller than the reference value or the energy value
of the input audio signal in a predetermined frequency
band, the device 100 may process the audio signal of
the current frame so that the energy value of the audio
signal of the current frame may increase by the difference
value in the predetermined frequency band.
[0086] In operation S940, the device 100 may output
the audio signal preprocessed in operation S930 through
the vibrator. Through the preprocessing process, the out-
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put audio signal may approach the input audio signal.
Thus, the user may hear the output audio signal (i.e., the
sound vibration) with the minimized sound change de-
pending on the change in the distance between the de-
vice 100 and the user’s skin or the state of the transmis-
sion medium of the sound vibration.
[0087] According to an exemplary embodiment, the
audio signal output as the sound vibration may be trans-
mitted with the optimal sound quality and volume to the
user.
[0088] The methods according to the exemplary em-
bodiments may be stored in a non-transitory computer-
readable recording medium by being implemented in the
form of program commands that may be performed by
various computer means. The non-transitory computer-
readable recording medium may include program com-
mands, data files, and data structures either alone or in
combination. The program commands may be those that
are especially designed and configured for the inventive
concept, or may be those that are publicly known and
available to those of ordinary skill in the art. Examples of
the non-transitory computer-readable recording medium
may include magnetic recording mediums such as hard
disks, floppy disks, and magnetic tapes, optical recording
mediums such as compact disk-read only memories (CD-
ROMs) and digital versatile disks (DVDs), magneto-op-
tical recording mediums such as floptical disks, and hard-
ware devices such as read-only memories (ROMs), ran-
dom-access memories (RAMs) and flash memories that
are especially configured to store and execute program
commands. Examples of the program commands may
include machine language codes created by a compiler,
and high-level language codes that may be executed by
a computer by using an interpreter.
[0089] While the inventive concept has been particu-
larly shown and described with reference to exemplary
embodiments thereof, those of ordinary skill in the art will
understand that various deletions, substitutions, or
changes in form and details may be made therein without
departing from the scope of the inventive concept as de-
fined by the following claims. Thus, the scope of the in-
ventive concept will be defined not by the above detailed
descriptions but by the appended claims. All modifica-
tions within the equivalent scope of the claims will be
construed as being included in the scope of the inventive
concept.

Claims

1. A device for outputting an audio signal, the device
comprising:

a vibrator configured to output the audio signal;
a vibrator cover provided on the vibrator to trans-
mit the output audio signal to a surface of an
object mounted with the device;
a sensor configured to measure a pressure be-

tween the surface of the object and the vibrator
cover;
a distance adjusting unit configured to adjust a
distance between the surface of the object and
the vibrator cover based on the pressure meas-
ured by the sensor to optimally output the audio
signal; and
a control unit configured to control the vibrator,
the sensor, and the distance adjusting unit.

2. The device of claim 1, wherein
the control unit preprocesses the audio signal based
on a pressure value measured by the sensor to op-
timally output the audio signal, and
the vibrator outputs the audio signal preprocessed
by the control unit.

3. The device of claim 1, further comprising a micro-
phone configured to receive an audio signal of a pre-
vious frame output by the vibrator,
wherein
the control unit analyzes a characteristic of the re-
ceived audio signal of the previous frame and pre-
processes an audio signal of a current frame based
on the analyzed characteristic of the audio signal of
the previous frame to optimally output the audio sig-
nal of the current frame, and
the vibrator outputs the audio signal of the current
frame preprocessed by the control unit.

4. The device of claim 3, wherein the microphone re-
ceives the audio signal of the previous frame output
by the vibrator through the surface of the object.

5. The device of claim 1, wherein the distance adjusting
unit adjusts a distance between the surface of the
object and the device by lifting the device on the sur-
face of the object or inside the device.

6. The device of claim 1, wherein
the distance adjusting unit comprises a strap wound
on the surface of the object, and
the distance adjusting unit adjusts the distance be-
tween the surface of the object and the vibrator cover
by winding the strap or by adjusting a length of the
strap.

7. The device of claim 1, wherein the vibrator cover
comprises a material that is capable of maintaining
a predetermined distance between the surface of the
object and the device when the device is attached
to the surface of the object.

8. The device of claim 1, further comprising a vibrator
support provided on an opposite side in an output
direction of the audio signal with respect to the vi-
brator and configured to support the vibrator while
having a minimized contact area with the vibrator.
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9. A method for outputting an audio signal from a de-
vice, the method comprising:

receiving an audio signal of a previous frame
output by the device through a surface of an ob-
ject mounted with the device;
analyzing a characteristic of the received audio
signal of the previous frame;
preprocessing an audio signal of a current frame
based on the analyzed characteristic of the au-
dio signal of the previous frame to optimally out-
put the audio signal of the current frame; and
outputting the preprocessed audio signal of the
current frame.

10. The method of claim 9, wherein the preprocessing
of the audio signal comprises:

acquiring a reference value about the output au-
dio signal of the previous frame;
acquiring a difference value between the refer-
ence value and a value representing the ana-
lyzed characteristic of the audio signal of the pre-
vious frame; and
preprocessing the audio signal of the current
frame based on the difference value.

11. The method of claim 9, wherein the preprocessing
of the audio signal comprises:

acquiring an input audio signal corresponding
to the output audio signal of the previous frame;
acquiring a characteristic of the input audio sig-
nal;
acquiring a difference between the characteris-
tic of the input audio signal and the characteristic
of the audio signal of the previous frame; and
preprocessing the audio signal of the current
frame based on the acquired difference.

12. The method of claim 9, further comprising adjusting
a distance between the surface of the object and the
device based on the analyzed characteristic of the
audio signal of the previous frame to optimally output
the audio signal of the current frame.

13. A non-transitory computer-readable recording me-
dium that stores a program for implementing the
method of any one of claims 9 to 12.
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