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(54) WEARABLE ELECTRONIC DEVICE COMPRISING OPENING/CLOSING DEVICE

(57) The present disclosure relates to a wearable
electronic device. The wearable electronic device ac-
cording to an embodiment of the present invention com-
prises: a speaker; a microphone spaced apart from the
speaker; a housing for containing the speaker and the
microphone, the housing comprising an output conduit
configured to transfer sounds output from the speaker
and an acoustic conduit configured to transfer sounds
received by the microphone; an opening/closing device
configured to open/close at least a part of the acoustic
conduit; a sensing device configured to sense informa-
tion regarding sounds received by the microphone; at
least one processor; and a memory for storing instruc-
tions. The instructions, when executed by the at least one
processor, may cause the wearable electronic device to
generate operations of the at least one processor for
controlling the opening/closing device on the basis of
the information sensed by the sensing device.
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Description

[Technical Field]

[0001] Various embodiments disclosed herein relate to
a wearable electronic device, for example, a wearable
electronic device including an opening device.

[Background Art]

[0002] With the development of electronic technology,
various types of wearable electronic devices are being
miniaturized and have various functions.
[0003] One or more components related to an acoustic
effect may be disposed on the printed circuit board of a
wearable electronic device. The components related to
the acoustic effect may include, for example, a speaker
and a microphone. These components may be disposed
inside the housing of the wearable electronic device with
various shapes and arrangement structures correspond-
ing to the various exterior designs of the wearable elec-
tronic device.
[0004] A wearable electronic device including a speak-
er and a microphone may be, for example, an in-ear
earphone (or an earset, a headphone, a headset) or a
hearing aid. The wearable electronic device may be worn
in proximity to a user’s ear and may be manufactured in a
compact size for this purpose.
[0005] The above information may be provided as
related art to facilitate the understanding of the disclo-
sure. No assertion or determination is made as to
whether any of the foregoing is applicable as prior art
with respect to the disclosure.

[Detailed Description of the Invention]

[Technical Solution]

[0006] A wearable electronic device according to an
embodiment of the disclosure may include: a speaker; a
microphone spaced apart from the speaker; and a hous-
ing configured to accommodate the speaker and the
microphone, the housing including an output passage
configured to transmit sound output from the speaker and
an acoustic passage configured to transmit sound re-
ceived through the microphone; an opening device con-
figured to open and close at least a portion of the acoustic
passage; a detection device configured to sense infor-
mation on the sound received through the microphone; at
least one processor; and memory configured to store
instructions, wherein the instructions, when executed
by the at least one processor, cause the wearable elec-
tronic device to control the opening device, based on the
information sensed by the detection device.
[0007] A method of operating a wearable electronic
device, according to an embodiment of the disclosure,
may include: outputting sound through a speaker while
an acoustic passage formed inside a housing accommo-

dating the speaker is in an open state; sensing informa-
tion on sound received through a microphone disposed
inside the housing; and controlling an opening device
configured to close the acoustic passage, based on the
information on the sound received through the micro-
phone..

[Brief Description of Drawings]

[0008] The above or other aspects, configurations,
and/or advantages of an embodiment of the disclosure
described above may become more apparent from the
following detailed description made with reference to the
accompanying drawings.

FIG. 1 is a block diagram of an electronic device in a
network environment according to various embodi-
ments.
FIG. 2 is a block diagram of an audio module accord-
ing to various embodiments.
FIG. 3A is a perspective view of a wearable electro-
nic device according to various embodiments of the
disclosure.
FIG. 3B is a perspective view of a wearable electro-
nic device according to various embodiments of the
disclosure.
FIG. 3C is a diagram illustrating the wearing of a
wearable electronic device according to an embodi-
ment of the disclosure.
FIG. 4 illustrates a portion of a wearable electronic
device according to an embodiment of the disclo-
sure.
FIG. 5 is a partial cross-sectional view of a wearable
electronic device according to an embodiment of the
disclosure.
FIG. 6A is a partial cross-sectional view of a wear-
able electronic device according to an embodiment
of the disclosure.
FIG. 6B is a partial cross-sectional view of a wear-
able electronic device according to an embodiment
of the disclosure.
FIG. 7 is a block diagram illustrating the transmission
of sound according to an embodiment of the disclo-
sure.
FIG. 8A is a conceptual diagram of a first state of an
opening device according to an embodiment of the
disclosure.
FIG. 8B is a conceptual diagram of a second state of
the opening device according to an embodiment of
the disclosure.
FIG. 8C is a conceptual diagram of a third state of an
opening device according to an embodiment of the
disclosure.
FIG. 9A is a conceptual diagram illustrating the op-
eration of an opening device according to an embo-
diment of the disclosure.
FIG. 9B is a conceptual diagram illustrating the op-
eration of an opening device according to an embo-
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diment of the disclosure.
FIG. 9C is a conceptual diagram illustrating an op-
eration of an opening device according to an embo-
diment of the disclosure.
FIG. 10 is a block diagram illustrating a relationship
between components of a wearable electronic de-
vice according to an embodiment of the disclosure.
FIG. 11 is a block diagram illustrating a method for
operating a wearable electronic device according to
an embodiment of the disclosure.
FIG. 12 is a control block diagram of a wearable
electronic device according to an embodiment of
the disclosure.
FIG. 13 is a control block diagram of a wearable
electronic device according to an embodiment of
the disclosure.
FIG. 14 is a control block diagram of a wearable
electronic device according to an embodiment of
the disclosure.
FIG. 15 is a graph illustrating the effect of a wearable
electronic device according to an embodiment of the
disclosure.
FIG. 16A is a graph illustrating the effect of a wear-
able electronic device according to a comparative
embodiment.
FIG. 16B is a graph illustrating the effect of a wear-
able electronic device according to an embodiment
of the disclosure.
FIG. 17 is a graph illustrating the effect of a wearable
electronic device according to a comparative embo-
diment.
FIG. 18 is a graph illustrating the effect of a wearable
electronic device according to the comparative ex-
ample.

[0009] Throughout the accompanying drawings, simi-
lar parts, components, and/or structures may be as-
signed similar reference numbers.

[Mode for Carrying out the Invention]

[0010] The following description of the accompanying
drawings may provide an understanding of various ex-
emplary embodiments of the disclosure, including claims
and equivalents thereof. The exemplary embodiments
disclosed in the following description include various
specific details to help understanding, but are to be
considered as merely one of the various exemplary em-
bodiments. Accordingly, those skilled in the art will under-
stand that various changes and modifications to the
various embodiments described in the disclosure may
be made without departing from the scope and technical
spirit of the disclosure. Furthermore, for clarity and con-
ciseness, descriptions of well-known functions and con-
figurations may be omitted.
[0011] The terms and words used in the following
description and claims are not limited to dictionary mean-
ings, but may be used to clearly and consistently describe

an embodiment of the disclosure. Therefore, it will be
apparent to those skilled in the art that the following
description of various embodiments of the disclosure is
provided for illustrative purposes and is not intended to
limit the scope of the disclosure or equivalents thereof.
[0012] Unless the context clearly indicates otherwise,
the singular forms "a," "an,", and "the" are to be under-
stood to include plural forms. Thus, for example, "a sur-
face of a component" may be understood to include one
or more surfaces of the component.
[0013] FIG. 1 is a block diagram illustrating an electro-
nic device 101 in a network environment 100 according to
various embodiments.
[0014] Referring to FIG. 1, the electronic device 101 in
the network environment 100 may communicate with an
electronic device 102 via a first network 198 (e.g., a short-
range wireless communication network), or an electronic
device 104 or a server 108 via a second network 199
(e.g., a long-range wireless communication network).
According to an embodiment, the electronic device 101
may communicate with the electronic device 104 via the
server 108. According to an embodiment, the electronic
device 101 may include a processor 120, memory 130,
an input module 150, a sound output module 155, a
display module 160, an audio module 170, a sensor
module 176, an interface 177, a connecting terminal
178, a haptic module 179, a camera module 180, a power
management module 188, a battery 189, a communica-
tion module 190, a subscriber identification module (SIM)
196, or an antenna module 197. In some embodiments,
at least one of the components (e.g., the connecting
terminal 178) may be omitted from the electronic device
101, or one or more other components may be added in
the electronic device 101. In some embodiments, some
of the components (e.g., the sensor module 176, the
camera module 180, or the antenna module 197) may
be implemented as a single component (e.g., the display
module 160). The processor 120 may execute, for ex-
ample, software (e.g., a program 140) to control at least
one other component (e.g., a hardware or software com-
ponent) of the electronic device 101 coupled with the
processor 120, and may perform various data processing
or computation. According to one embodiment, as at
least part of the data processing or computation, the
processor 120 may store a command or data received
from another component (e.g., the sensor module 176 or
the communication module 190) in volatile memory 132,
process the command or the data stored in the volatile
memory 132, and store resulting data in non-volatile
memory 134. According to an embodiment, the proces-
sor 120 may include a main processor 121 (e.g., a central
processing unit (CPU) or an application processor (AP)),
or an auxiliary processor 123 (e.g., a graphics processing
unit (GPU), a neural processing unit (NPU), an image
signal processor (ISP), a sensor hub processor, or a
communication processor (CP)) that is operable inde-
pendently from, or in conjunction with, the main proces-
sor 121. For example, when the electronic device 101
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includes the main processor 121 and the auxiliary pro-
cessor 123, the auxiliary processor 123 may be adapted
to consume less power than the main processor 121, or to
be specific to a specified function. The auxiliary proces-
sor 123 may be implemented as separate from, or as part
of the main processor 121.
[0015] The auxiliary processor 123 may control at least
some of functions or states related to at least one com-
ponent (e.g., the display module 160, the sensor module
176, or the communication module 190) among the
components of the electronic device 101, instead of
the main processor 121 while the main processor 121
is in an inactive (e.g., sleep) state, or together with the
main processor 121 while the main processor 121 is in an
active state (e.g., executing an application). According to
an embodiment, the auxiliary processor 123 (e.g., an
image signal processor or a communication processor)
may be implemented as part of another component (e.g.,
the camera module 180 or the communication module
190) functionally related to the auxiliary processor 123.
According to an embodiment, the auxiliary processor 123
(e.g., the neural processing unit) may include a hardware
structure specified for artificial intelligence model proces-
sing. An artificial intelligence model may be generated by
machine learning. Such learning may be performed, e.g.,
by the electronic device 101 where the artificial intelli-
gence is performed or via a separate server (e.g., the
server 108). Learning algorithms may include, but are not
limited to, e.g., supervised learning, unsupervised learn-
ing, semi-supervised learning, or reinforcement learning.
The artificial intelligence may include a plurality of artifi-
cial neural network layers. The artificial neural network
may be a deep neural network (DNN), a convolutional
neural network (CNN), a recurrent neural network (RNN),
a restricted Boltzmann machine (RBM), a deep belief
network (DBN), a bidirectional recurrent deep neural
network (BRDNN), deep Q-network or a combination
of two or more thereof but is not limited thereto. The
artificial intelligence model may, additionally or alterna-
tively, include a software structure other than the hard-
ware structure.
[0016] The memory 130 may store various data used
by at least one component (e.g., the processor 120 or the
sensor module 176) of the electronic device 101. The
various data may include, for example, software (e.g., the
program 140) and input data or output data for a com-
mand related thereto. The memory 130 may include the
volatile memory 132 or the non-volatile memory 134.
[0017] The program 140 may be stored in the memory
130 as software, and may include, for example, an oper-
ating system (OS) 142, middleware 144, or an application
146.
[0018] The input module 150 may receive a command
or data to be used by another component (e.g., the
processor 120) of the electronic device 101, from the
outside (e.g., a user) of the electronic device 101. The
input module 150 may include, for example, a micro-
phone, a mouse, a keyboard, a key (e.g., a button), or

a digital pen (e.g., a stylus pen).
[0019] The sound output module 155 may output
sound signals to the outside of the electronic device
101. The sound output module 155 may include, for
example, a speaker or a receiver. The speaker may be
used for general purposes, such as playing multimedia or
playing record. The receiver may be used for receiving
incoming calls. According to an embodiment, the receiver
may be implemented as separate from, or as part of the
speaker.
[0020] The display module 160 may visually provide
information to the outside (e.g., a user) of the electronic
device 101. The display module 160 may include, for
example, a display, a hologram device, or a projector and
control circuitry to control a corresponding one of the
display, hologram device, and projector. According to an
embodiment, the display module 160 may include a
touch sensor adapted to detect a touch, or a pressure
sensor adapted to measure the intensity of force incurred
by the touch.
[0021] The audio module 170 may convert a sound into
an electrical signal and vice versa. According to an
embodiment, the audio module 170 may obtain the
sound via the input module 150, or output the sound
via the sound output module 155 or a headphone of an
external electronic device (e.g., an electronic device 102)
directly (e.g., wiredly) or wirelessly coupled with the
electronic device 101.
[0022] The sensor module 176 may detect an opera-
tional state (e.g., power or temperature) of the electronic
device 101 or an environmental state (e.g., a state of a
user) external to the electronic device 101, and then
generate an electrical signal or data value corresponding
to the detected state. According to an embodiment, the
sensor module 176 may include, for example, a gesture
sensor, a gyro sensor, an atmospheric pressure sensor, a
magnetic sensor, an acceleration sensor, a grip sensor, a
proximity sensor, acolor sensor, an infrared (IR) sensor, a
biometric sensor, a temperature sensor, a humidity sen-
sor, or an illuminance sensor.
[0023] The interface 177 may support one or more
specified protocols to be used for the electronic device
101 to be coupled with the external electronic device
(e.g., the electronic device 102) directly (e.g., wiredly)
or wirelessly. According to an embodiment, the interface
177 may include, for example, a high definition multi-
media interface (HDMI), a universal serial bus (USB)
interface, a secure digital (SD) card interface, or an audio
interface.
[0024] A connecting terminal 178 may include a con-
nector via which the electronic device 101 may be phy-
sically connected with the external electronic device
(e.g., the electronic device 102). According to an embo-
diment, the connecting terminal 178 may include, for
example, a HDMI connector, a USB connector, a SD
card connector, or an audio connector (e.g., a headphone
connector).
[0025] The haptic module 179 may convert an elec-
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trical signal into a mechanical stimulus (e.g., a vibration or
a movement) or electrical stimulus which may be recog-
nized by a user via his tactile sensation or kinesthetic
sensation. According to an embodiment, the haptic mod-
ule 179 may include, for example, a motor, a piezoelectric
element, or an electric stimulator.
[0026] The camera module 180 may capture a still
image or moving images. According to an embodiment,
the camera module 180 may include one or more lenses,
image sensors, image signal processors, or flashes.
[0027] The power management module 188 may man-
age power supplied to the electronic device 101. Accord-
ing to one embodiment, the power management module
188 may be implemented as at least part of, for example,
a power management integrated circuit (PMIC).
[0028] The battery 189 may supply power to at least
one component of the electronic device 101. According to
an embodiment, the battery 189 may include, for exam-
ple, a primary cell which is not rechargeable, a secondary
cell which is rechargeable, or a fuel cell.
[0029] The communication module 190 may support
establishing a direct (e.g., wired) communication channel
or a wireless communication channel between the elec-
tronic device 101 and the external electronic device (e.g.,
the electronic device 102, the electronic device 104, or
the server 108) and performing communication via the
established communication channel. The communica-
tion module 190 may include one or more communication
processors that are operable independently from the
processor 120 (e.g., the application processor (AP))
and supports a direct (e.g., wired) communication or a
wireless communication. According to an embodiment,
the communication module 190 may include a wireless
communication module 192 (e.g., a cellular communica-
tion module, a short-range wireless communication mod-
ule, or a global navigation satellite system (GNSS) com-
munication module) or a wired communication module
194 (e.g., a local area network (LAN) communication
module or a power line communication (PLC) module).
A corresponding one of these communication modules
may communicate with the external electronic device via
the first network 198 (e.g., a short-range communication
network, such as BluetoothTM, wireless-fidelity (Wi-Fi)
direct, or infrared data association (IrDA)) or the second
network 199 (e.g., a long-range communication network,
such as a legacy cellular network, a 5G network, a next-
generation communication network, the Internet, or a
computer network (e.g., LAN or wide area network
(WAN)). These various types of communication modules
may be implemented as a single component (e.g., a
single chip), or may be implemented as multi compo-
nents (e.g., multi chips) separate from each other. The
wireless communication module 192 may identify and
authenticate the electronic device 101 in a communica-
tion network, such as the first network 198 or the second
network 199, using subscriber information (e.g., interna-
tional mobile subscriber identity (IMSI)) stored in the
subscriber identification module 196.

[0030] The wireless communication module 192 may
support a 5G network, after a 4G network, and next-
generation communication technology, e.g., new radio
(NR) access technology. The NR access technology may
support enhanced mobile broadband (eMBB), massive
machine type communications (mMTC), or ultra-reliable
and low-latency communications (URLLC). The wireless
communication module 192 may support a high-fre-
quency band (e.g., the mmWave band) to achieve,
e.g., a high data transmission rate. The wireless com-
munication module 192 may support various technolo-
gies for securing performance on a high-frequency band,
such as, e.g., beamforming, massive multiple-input and
multiple-output (massive MIMO), full dimensional MIMO
(FD-MIMO), array antenna, analog beam-forming, or
large scale antenna. The wireless communication mod-
ule 192 may support various requirements specified in
the electronic device 101, an external electronic device
(e.g., the electronic device 104), or a network system
(e.g., the second network 199). According to an embodi-
ment, the wireless communication module 192 may sup-
port a peak data rate (e.g., 20Gbps or more) for imple-
menting eMBB, loss coverage (e.g., 164dB or less) for
implementing mMTC, or U-plane latency (e.g., 0.5ms or
less for each of downlink (DL) and uplink (UL), or a round
trip of 1ms or less) for implementing URLLC.
[0031] The antenna module 197 may transmit or re-
ceive a signal or power to or from the outside (e.g., the
external electronic device) of the electronic device 101.
According to an embodiment, the antenna module 197
may include an antenna including a radiating element
composed of a conductive material or a conductive pat-
tern formed in or on a substrate (e.g., a printed circuit
board (PCB)). According to an embodiment, the antenna
module 197 may include a plurality of antennas (e.g.,
array antennas). In such a case, at least one antenna
appropriate for a communication scheme used in the
communication network, such as the first network 198
or the second network 199, may be selected, for exam-
ple, by the communication module 190 (e.g., the wireless
communication module 192) from the plurality of anten-
nas. The signal or the power may then be transmitted or
received between the communication module 190 and
the external electronic device via the selected at least one
antenna. According to an embodiment, another compo-
nent (e.g., a radio frequency integrated circuit (RFIC))
other than the radiating element may be additionally
formed as part of the antenna module 197.
[0032] According to various embodiments, the anten-
na module 197 may form a mmWave antenna module.
According to an embodiment, the mmWave antenna
module may include a printed circuit board, a RFIC dis-
posed on a first surface (e.g., the bottom surface) of the
printed circuit board, or adjacent to the first surface and
capable of supporting a designated high-frequency band
(e.g., the mmWave band), and a plurality of antennas
(e.g., array antennas) disposed on a second surface
(e.g., the top or a side surface) of the printed circuit board,
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or adjacent to the second surface and capable of trans-
mitting or receiving signals of the designated high-fre-
quency band.
[0033] At least some of the above-described compo-
nents may be coupled mutually and communicate signals
(e.g., commands or data) therebetween via an inter-
peripheral communication scheme (e.g., a bus, general
purpose input and output (GPIO), serial peripheral inter-
face (SPI), or mobile industry processor interface (MIPI)).
[0034] According to an embodiment, commands or
data may be transmitted or received between the elec-
tronic device 101 and the external electronic device 104
via the server 108 coupled with the second network 199.
Each of the electronicdevices 102 or104 may be a device
of a same type as, or a different type, from the electronic
device 101. According to an embodiment, all or some of
operations to be executed at the electronic device 101
may be executed at one or more of the external electronic
devices 102, 104, or 108. For example, if the electronic
device 101 should perform a function or a service auto-
matically, or in response to a request from a user or
another device, the electronic device 101, instead of,
or in addition to, executing the function or the service,
may request the one or more external electronic devices
to perform at least part of the function or the service. The
one or more external electronic devices receiving the
request may perform the at least part of the function or
the service requested, or an additional function or an
additional service related to the request, and transfer an
outcome of the performing to the electronic device 101.
The electronic device 101 may provide the outcome, with
or without further processing of the outcome, as at least
part of a reply to the request. To that end, a cloud
computing, distributed computing, mobile edge comput-
ing (MEC), or client-server computing technology may be
used, for example. The electronic device 101 may pro-
vide ultra low-latency services using, e.g., distributed
computing or mobile edge computing. In another embo-
diment, the external electronic device 104 may include an
internet-of-things (IoT) device. The server 108 may be an
intelligent server using machine learning and/or a neural
network. According to an embodiment, the external elec-
tronic device 104 or the server 108 may be included in the
second network 199. The electronic device 101 may be
applied to intelligent services (e.g., smart home, smart
city, smart car, or healthcare) based on 5G communica-
tion technology or IoT-related technology.
[0035] The electronic device according to various em-
bodiments may be one of various types of electronic
devices. The electronic devices may include, for exam-
ple, a portable communication device (e.g., a smart-
phone), a computer device, a portable multimedia de-
vice, a portable medical device, a camera, a wearable
device, or a home appliance. According to an embodi-
ment of the disclosure, the electronic devices are not
limited to those described above.
[0036] It should be appreciated that various embodi-
ments of the present disclosure and the terms used

therein are not intended to limit the technological features
set forth herein to particular embodiments and include
various changes, equivalents, or replacements for a
corresponding embodiment. With regard to the descrip-
tion of the drawings, similar reference numerals may be
used to refer to similar or related elements. It is to be
understood that a singular form of a noun corresponding
to an item may include one or more of the things, unless
the relevant context clearly indicates otherwise. As used
herein, each of such phrases as "A or B," "at least one of A
and B," "at least one of A or B," "A, B, or C," "at least one of
A, B, and C," and "at least one of A, B, or C," may include
any one of, or all possible combinations of the items
enumerated together in a corresponding one of the
phrases. As used herein, such terms as "1st" and
"2nd," or "first" and "second" may be used to simply
distinguish a corresponding component from another,
and does not limit the components in other aspect
(e.g., importance or order). It is to be understood that if
an element (e.g., a first element) is referred to, with or
without the term "operatively" or "communicatively", as
"coupled with," "coupled to," "connected with," or "con-
nected to" another element (e.g., a second element), it
means that the element may be coupled with the other
element directly (e.g., wiredly), wirelessly, or via a third
element.
[0037] As used in connection with various embodi-
ments of the disclosure, the term "module" may include
a unit implemented in hardware, software, or firmware,
and may interchangeably be used with other terms, for
example, "logic," "logic block," "part," or "circuitry". A
module may be a single integral component, or a mini-
mum unit or part thereof, adapted to perform one or more
functions. For example, according to an embodiment, the
module may be implemented in a form of an application-
specific integrated circuit (ASIC).
[0038] According to various embodiments, each com-
ponent (e.g., a module or a program) of the above-de-
scribed components may include a single entity or multi-
ple entities, and some of the multiple entities may be
separately disposed in different components. According
to various embodiments, one or more of the above-de-
scribed components may be omitted, or one or more
other components may be added. Alternatively or addi-
tionally, a plurality of components (e.g., modules or pro-
grams) may be integrated into a single component. In
such a case, according to various embodiments, the
integrated component may still perform one or more
functions of each of the plurality of components in the
same or similar manner as they are performed by a
corresponding one of the plurality of components before
the integration. According to various embodiments, op-
erations performed by the module, the program, or an-
other component may be carried out sequentially, in
parallel, repeatedly, or heuristically, or one or more of
the operations may be executed in a different order or
omitted, or one or more other operations may be added.
[0039] FIG. 2 is a block diagram 200 of an audio
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module 170 according to various embodiments. Refer-
ring to FIG. 2, the audio module 170 may include, for
example, an audio input interface 210, an audio input
mixer 220, an analog-to-digital converter (ADC) 230, an
audio signal processor 240, a digital-to-analog converter
(DAC) 250, an audio output mixer 260, or an audio output
interface 270.
[0040] The audio input interface 210 may receive an
audio signal corresponding to sound acquired from the
outside of the electronic device 101 through a micro-
phone (e.g., a dynamic microphone, a condenser micro-
phone, or a piezoelectric microphone) that is a part of the
input module 150 or configured separately from the elec-
tronic device 101. For example, when the audio signal is
acquired from an external electronic device 102 (e.g., a
headset or a microphone), the audio input interface 210
may receive the audio signal by being connected to the
external electronic device 102 directly through the con-
nection terminal 178, or wirelessly through the wireless
communication module 192 (e.g., via Bluetooth commu-
nication). According to an embodiment, the audio input
interface 210 may receive a control signal (e.g., a volume
adjustment signal received through the input button)
related to the audio signal acquired from the external
electronic device 102. The audio input interface 210 may
include multiple audio input channels, and may receive a
different audio signal for each corresponding audio input
channel among the multiple audio input channels. Ac-
cording to an embodiment, additionally or alternatively,
the audio input interface 210 may receive an audio signal
from another component (e.g., the processor 120 or the
memory 130) of the electronic device 101.
[0041] The audio input mixer 220 may mix multiple
input audio signals into at least one audio signal. Accord-
ing to an embodiment, the audio input mixer 220 may mix
multiple analog audio signals input through the audio
input interface 210 into at least one analog audio signal.
[0042] The ADC 230 may convert an analog audio
signal into a digital audio signal. According to an embodi-
ment, the ADC 230 may convert an analog audio signal
received through the audio input interface 210, or alter-
natively or additionally an analog audio signal mixed
through the audio input mixer 220, into a digital audio
signal.
[0043] The audio signal processor 240 may perform
various types of processing on a digital audio signal
received from the ADC 230 or on a digital audio signal
received from another component of the electronic de-
vice 101. According to an embodiment, the audio signal
processor 240 may perform, with respect to one or more
digital audio signals, sampling rate conversion, applica-
tion of one or more filters, interpolation processing, am-
plification or attenuation of the entire or partial frequency
band, noise processing (e.g., noise or echo attenuation),
channel change (e.g., switching between mono and
stereo), mixing, or extraction of a designated signal.
According to an embodiment, one or more functions of
the audio signal processor 240 may be implemented in

the form of an equalizer.
[0044] The DAC 250 may convert a digital audio signal
into an analog audio signal. According to an embodiment,
the DAC 250 may convert a digital audio signal pro-
cessed by the audio signal processor 240 or a digital
audio signal acquired from another component (e.g., the
processor 120 or the memory 130) of the electronic
device 101 into an analog audio signal.
[0045] The audio output mixer 260 may mix multiple
audio signals to be output into at least one audio signal.
According to an embodiment, the audio output mixer 260
may mix an audio signal converted into an analog signal
through the DAC 250 and another analog audio signal
(e.g., an analog audio signal received through the audio
input interface 210) into at least one analog audio signal.
[0046] The audio output interface 270 may output an
analog audio signal converted through the DAC 250, or
additionally or alternatively an analog audio signal mixed
by the audio output mixer 260, to the outside of the
electronic device 101 through the sound output module
155. The sound output module 155 may include, for
example, a speaker such as a dynamic driver or a ba-
lanced armature driver, or a receiver. According to an
embodiment, the sound output module 155 may include
multiple speakers. In this case, the audio output interface
270 may output an audio signal having multiple channels
(e.g., stereo or 5.1 channels) through at least some of the
multiple speakers. According to an embodiment, the
audio output interface 270 may be connected to the
external electronic device 102 (e.g., an external speaker
or a headset) directly through a connection terminal 178
or wirelessly through the wireless communication mod-
ule 192 to output an audio signal.
[0047] According to an embodiment, the audio module
170 may generate at least one digital audio signal by
mixing multiple digital audio signals by using at least one
function of the audio signal processor 240, without se-
parately including the audio input mixer 220 or the audio
output mixer 260.
[0048] According to an embodiment, the audio module
170 may include an audio amplifier (not shown) (e.g., a
speaker amplifier circuit) capable of amplifying an analog
audio signal input through the audio input interface 210 or
an audio signal to be output through the audio output
interface 270. According to an embodiment, the audio
amplifier may be configured as a module separate from
the audio module 170.
[0049] FIG. 3A is a perspective view of a wearable
electronic device 300 according to an embodiment of
the disclosure, viewed from one direction. FIG. 3B is a
perspective view of the wearable electronic device 300
according to an embodiment of the disclosure, viewed
from a direction different from that of FIG. 3A. FIG. 3C is a
view illustrating the wearable electronic device 300 in a
worn state. The components to be described with refer-
ence to FIGS. 3A to 3C may be partially or entirely
identical to the components described with reference
to FIGS. 1 and 2. The components to be described with
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reference to FIGS. 3A to 3C may be partially or entirely
identical to the components to be described with refer-
ence to FIGS. 4 to 18.
[0050] According to an embodiment, the wearable
electronic device 300 may include a housing 310. The
housing 310 may form the exterior of the wearable elec-
tronic device 300. The housing 310 may be worn in a
user’s ear. For example, at least a portion of the housing
310 may have a curved surface.
[0051] According to an embodiment, the housing 310
may include a first housing 311. The housing 310 may
include a second housing 312. For example, the first
housing 311 and the second housing 312 may be inte-
grally formed. For example, an antenna (e.g., the anten-
na 360 in FIG. 5), a first substrate (e.g., the first substrate
370 in FIG. 5), a battery (e.g., the battery 380 in FIG. 5),
and/or a microphone (e.g., the microphones 340 and 350
in FIG. 5) may be disposed inside the first housing 311.
For example, a speaker (e.g., the speaker 390 in FIG. 5)
may be disposed inside the second housing 312.
[0052] According to an embodiment, the wearable
electronic device 300 may include a port 320. For ex-
ample, the port 320 may protrude to the outside of the
housing 310. For example, the port 320 may be integrally
formed with the second housing 312. For example, the
port 320 may be coupled to the second housing 312.
Sound output from the speaker (e.g., the speaker 390 in
FIG. 5) may be transmitted to the outside of the housing
310 through the port 320.
[0053] According to an embodiment, the housing 310
may include openings 313 and 314. The openings 313
and 314 may be formed through the surface of the
housing 310. The openings 313 and 314 may be formed
in the first housing 311. Sound outside the housing 310
may be transmitted into the housing 310 through the
openings 313 and 314.
[0054] According to an embodiment, the wearable
electronic device 300 may include a grill 330. The grill
330 may be disposed on the opening 313. The grill 330
may be coupled to the housing 310. The grill 330 may
filter out impurities entering the opening 313.
[0055] According to an embodiment, there may be
multiple openings 313 and 314. For example, the multiple
openings 313 and 314 may include a first opening 313
and a second opening 314. The first opening 313 and the
second opening 314 may be spaced apart from each
other. Each of the first opening 313 and the second
opening 314 may be referred to as an "opening."
[0056] According to an embodiment, the wearable
electronic device 300 may be worn in a user’s ear E. In
a state in which the wearable electronic device 300 is
worn in the user’s ear E, the openings 313 and 314 may
be exposed to the outside.
[0057] FIG. 4 illustrates a state in which a housing (e.g.,
the housing 310 in FIG. 3A) of the wearable electronic
device 300 according to an embodiment of the disclosure
is removed. FIG. 5 is a cross-sectional view of the struc-
ture illustrated in FIG. 4. The components to be described

with reference to FIGS. 4 and 5 may be partially or entirely
identical to the components described with reference to
FIGS. 1 to 3C. The components to be described with
reference to FIG. 4 and FIG. 5 may be partially or entirely
identical to the components to be described with refer-
ence to FIG. 6 to FIG. 18.
[0058] According to an embodiment, the wearable
electronic device 300 may include a microphone 340
or 350. In an embodiment, multiple microphones 340
and 350 may be arranged. For example, the micro-
phones 340 and 350 may include a first microphone
340 and/or a second microphone 350. The first micro-
phone 340 and the second microphone 350 may be
spaced apart from each other. The first microphone
340 and the second microphone 350 may be referred
to as a "microphone." The microphones 340 and 350 may
receive sound from outside a housing (e.g., the housing
310 in FIG. 3A). For example, the microphones 340 and
350 may perform an active noise cancellation (ANC)
function. For example, the microphones 340 and 350
may be disposed inside the first housing (e.g., the first
housing 311 in FIG. 3A). The microphones 340 and 350
may include microphone holes 341 and 351, respec-
tively. The first microphone 340 may include a first micro-
phone hole 341. The second microphone 350 may in-
clude a second microphone hole 351. The microphones
340 and 350 may receive sound from outside the housing
(e.g., the housing 310 in FIG. 3A) through the microphone
holes 341 and 351. For example, air (e.g., wind) flowing
outside the housing (e.g., the housing 310 in FIG. 3A)
may be introduced into the microphones 340 and 350
through the microphone holes 341 and 351, and the
microphones 340 and 350 may detect sound generated
by the flow of the air.
[0059] According to an embodiment, the microphone
340 may receive sound from outside the housing 310.
Region M illustrated in FIG. 5 is an enlarged view of the
area near the microphone 340 in a cross-sectional view of
the wearable electronic device 300 including the housing
310. The wearable electronic device 300 may include a
chamber 316. The housing 310 may be coupled to the
grill 330. The wearable electronic device 300 may include
a hole 315 communicating with the microphone hole 341
of the microphone 340. Sound outside the housing 310
may be received by the microphone 340 through the
chamber 316 and the hole 315.
[0060] According to an embodiment, the wearable
electronic device 300 may include an antenna 360.
The antenna 360 may be disposed inside a first housing
(e.g., the first housing 311 in FIG. 3A). The antenna 360
may transmit and/or receive a signal in the housing (e.g.,
the housing 310 in FIG. 3A).
[0061] According to an embodiment, the wearable
electronic device 300 may include a first substrate 370.
For example, the first substrate 370 may be electrically
connected to the microphones 340 and 350, the antenna
360, a second substrate 375, a battery 380, and/or a
speaker 390.
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[0062] According to an embodiment, the wearable
electronic device 300 may include the second substrate
375. The second substrate 375 may be electrically con-
nected to the first substrate 370. For example, the second
substrate 375 may connect the first substrate 370 to the
microphones 340 and 350. For example, the second
substrate 375 may connect the first substrate 370 to
the battery 380. For example, the second substrate
375 may connect the first substrate 370 to the speaker
390. For example, the second substrate 375 may include
a flexible printed circuit board (FPCB).
[0063] According to an embodiment, the wearable
electronic device 300 may include the battery 380. For
example, the battery 380 may be disposed inside the first
housing (e.g., the first housing 311 in FIG. 3A). The
battery 380 may supply power to the microphones 340
and 350 and the speaker 390.
[0064] According to an embodiment, the wearable
electronic device 300 may include the speaker 390.
For example, the speaker 390 may be disposed inside
a second housing (e.g., the second housing 312 in FIG.
3A). The speaker 390 may output sound to the outside of
the housing (e.g., the housing 310 in FIG. 3A).
[0065] According to an embodiment, the wearable
electronic device 300 may include an ear tip 325. The
ear tip 325 may be inserted into the user’s ear. For
example, the ear tip 325 may be fixed to the port 320.
[0066] According to an embodiment, the wearable
electronic device 300 may include an output passage
321. The output passage 321 may be formed inside the
port 320. The output passage 321 may face the speaker
390. Sound generated by the speaker 390 may be trans-
mitted to the outside of the housing 310 through the
output passage 321.
[0067] FIG. 6A is a cross-sectional view of the wear-
able electronic device 300 in a first state, taken along
reference line B-B’ shown in FIG. 3B. FIG. 6B is a cross-
sectional view of the wearable electronic device 300 in a
second state, taken along reference line B-B’ shown in
FIG. 3B. The components to be described with reference
to FIGS. 6A and 6B may be partially or entirely identical to
the components described with reference to FIGS. 1 to 5.
The components to be described with reference to FIGS.
6A and 6B may be partially or entirely identical to the
components to be described with reference to FIGS. 7 to
18.
[0068] According to an embodiment, the wearable
electronic device 300 may include a housing 310, a port
320, a substrate 370, a battery 380, and a speaker 390.
The substrate 370, the battery 380, and the speaker 390
may be disposed inside the housing 310. The port 320
may include an output passage 321 configured to trans-
mit sound generated by the speaker 390 to the outside of
the housing 310.
[0069] According to an embodiment, the wearable
electronic device 300 may include a microphone 410.
The microphone 410 may be disposed inside the output
passage 321. The microphone 410 may be disposed

inside the port 320. The microphone 410 may receive
sound from outside the housing 310. The microphone
410 may be referred to as a "third microphone." The
wearable electronic device 300 may include a micro-
phone (e.g., the microphone 440 in FIG. 7) including
multiple microphones (e.g., the first and second micro-
phones 340 and 350 in FIG. 5 and the microphone 410 in
FIG. 6A).
[0070] According to an embodiment, the wearable
electronic device 300 may include an acoustic passage
420. The acoustic passage 420 may be formed inside the
housing 310. The acoustic passage 420 may be a portion
of a space formed inside the housing 310. The acoustic
passage 420 may connect the opening 314 to the output
passage 321. The acoustic passage 420 may extend
from the opening 314 toward the output passage 321.
The acoustic passage 420 may communicate with the
outside of the housing 310 through the opening 314. The
acoustic passage 420 may be in communication with the
outside of the housing 310 through the output passage
321. The acoustic passage 420 may be referred to as a
"passage." The acoustic passage 420 may be referred to
as a "bypass passage." The acoustic passage 420 may
be referred to as a "vent hole." The acoustic path 420 may
be referred to as a "sound path." The acoustic passage
420 may be referred to as a "tunnel." The acoustic
passage 420 may be referred to as a "flow passage."
[0071] According to an embodiment, the acoustic pas-
sage 420 may include a passage 421. The passage 421
may be formed inside the housing 310. Sound outside the
housing 310 may pass through the inside of the passage
421. The passage 421 may be referred to as a "conduit."
The passage 421 may be referred to as a "first conduit."
The passage 421 may be referred to as a "stream." The
passage 421 may be referred to as a "first channel."
[0072] According to an embodiment, the acoustic pas-
sage 420 may include a first passage 423. The first
passage 423 may communicate with the opening 314.
The first passage 423 may connect the opening 314 to
the passage 421. Sound outside the housing 310 may be
transmitted to the first passage 423 through the opening
314. The sound transmitted to the first passage 423 may
be transmitted to the passage 421. The housing 310 may
include a recess 317 that forms the opening 314. The
recess 317 may be recessed from the outer surface of the
housing 310 to the inside of the housing 310. The wear-
able electronic device 300 may include a battery outer
wall 381. The battery outer wall 381 may be disposed
inside the housing 310. The battery outer wall 381 may be
spaced apart from a portion of the inner surface of the
housing 310. The first passage 423 may be formed
between the outer wall of the battery 381 and a portion
of the inner surface of the housing 310. The first passage
423 may be referred to as an "inlet." The first passage 423
may be referred to as an "upstream portion." The first
passage 423 may be referred to as an "inlet passage."
[0073] According to an embodiment, the acoustic pas-
sage 420 may include a second passage 424. The sec-

5

10

15

20

25

30

35

40

45

50

55



10

17 EP 4 819 636 A1 18

ond passage 424 may communicate with the output
passage 321. The second passage 424 may connect
the output passage 321 to the passage 421. Sound out-
side the housing 310 may be transmitted to the second
passage 424 through the passage 421. The sound trans-
mitted to the second passage 424 may be transmitted to
the output passage 321. The wearable electronic device
300 may include a speaker outer wall 391. The speaker
outer wall 391 may be disposed inside the housing 310.
The speaker outer wall 391 may be spaced apart from
another portion of the inner surface of the housing 310.
The second passage 424 may be formed between the
speaker outer wall 391 and the other portion of the inner
surface of the housing 310. The second passage 424
may be referred to as an "outlet." The second passage
424 may be referred to as a "downstream portion." The
second passage 424 may be referred to as an "outlet
passage."
[0074] According to an embodiment, the acoustic pas-
sage 420 may include a channel 422. The channel 422
may be formed inside the housing 310. The channel 422
may be connected to the passage 421. The channel 422
may connect the passage 421 to the second passage
424. According to an embodiment, the channel 422 may
be formed to be openable and closable. The channel 422
may be referred to as a "second channel." The channel
422 may be referred to as a "connecting passage." The
channel 422 may be referred to as a "closable conduit".
The channel 422 may be referred to as a "flow passage."
[0075] According to an embodiment, the wearable
electronic device 300 may include an opening device
430. The opening device 430 may open the acoustic
passage 420. The opening device 430 may close the
acoustic passage 420. The opening device 430 may
adjust the opening degree of the acoustic passage
420. The opening device 430 may open the channel
422. The opening device 430 may close the channel
422. The opening device 430 may adjust the opening
degree of the channel 422. The opening device 430 may
be referred to as a "closing device." The opening device
430 may be referred to as an "opening member." The
opening device 430 may be referred to as a "closing
member." The opening device 430 may be referred to
as a "door." The opening device 430 may be referred to as
a "closer." The opening device 430 may be referred to as
an "opening and closing device."
[0076] According to an embodiment, the opening de-
vice 430 may include a first opening member 431 and/or a
second opening member 432. For example, the first
opening member 431 and the second opening member
432 may be disposed to face each other. For example, at
least one of the first opening member 431 and the second
opening member 432 may be disposed to be movable
toward the other. For example, the first opening member
431 and the second opening member 432 may be dis-
posed to be movable toward each other. The first opening
member 431 may be referred to as a "first closing mem-
ber." The first opening member 431 may be referred to as

a "first door." The first opening member 431 may be
referred to as a "first closer." The second opening mem-
ber 432 may be referred to as a "secondclosing member."
The second opening member 432 may be referred to as a
"second door." The second opening member 432 may be
referred to as a "second closer."
[0077] Referring to FIG. 6A, the first opening member
431 and the second opening member 432 may be spaced
apart from each other. For example, the channel 422 may
be formed between the first opening member 431 and the
second opening member 432. The channel 422 may be
opened. Sound outside the housing 310 may be trans-
mitted to the output passage 321 through the passage
421 and the channel 422. For example, the state in which
the channel 422 is opened may be defined as a "first
state."
[0078] Referring to FIG. 6B, the first opening member
431 and the second opening member 432 may be in
contact with each other. The channel 422 may not be
formed. The channel 422 may be closed. Sound outside
the housing 310 may not be transmitted to the output
passage 321. For example, the state in which the channel
422 is closed may be defined as a "second state".
[0079] FIG. 7 is a block diagram conceptually illustrat-
ing a sound transmission path according to an embodi-
ment of the disclosure. The components to be described
with reference to FIG. 7 may be partially or entirely
identical to the components described with reference
to FIGS. 1 to 6B. The components to be described with
reference to FIG. 7 may be partially or entirely identical to
the components to be described with reference to FIGS.
8A to 18.
[0080] According to an embodiment, the wearable
electronic device 300 may include a microphone 440.
The microphone 440 may include multiple microphones
(e.g., the first and second microphones 340 and 350 in
FIG. 5 and the third microphone 410 in FIG. 6A). The
multiple microphones 340, 350, and 410 may be dis-
posed inside a housing (e.g., the housing 310 in FIG.
6A). Sound outside the housing 310 may be received by
the microphone 440.
[0081] According to an embodiment, the wearable
electronic device 300 may include a signal processing
device 450. The signal processing device 450 may iden-
tify a signal (e.g., a vibration) corresponding to the sound
received by the microphone 440. The signal processing
device 450 may identify, in the form of an analog or digital
signal, the signal corresponding to the sound received by
the microphone 440.
[0082] According to an embodiment, the wearable
electronic device 300 may include a converter 460.
The converter 460 may convert the signal for the sound
processed by the signal processing device 450. For
example, the converter 460 may convert a digital signal
for the sound processed by the signal processing device
450 into an analog signal. For example, the converter 460
may include a DAC.
[0083] According to an embodiment, the wearable
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electronic device 300 may include a speaker 390. The
speaker 390 may output the signal converted by the
converter 460 to the outside of the housing 310. Sound
output from the speaker 390 may be transmitted to the
outside of the housing 310. For example, the sound
output from the speaker 390 and transmitted to the out-
side of the housing 310 may be received by the micro-
phone 440.
[0084] FIG. 8A is a diagram conceptually illustrating
the opening device 430 in the first state of the wearable
electronic device 300. FIG. 8B is a diagram conceptually
illustrating the opening device 430 in a third state of the
wearable electronic device 300. FIG. 8C is a diagram
conceptually illustrating the opening device 430 in a
second state of the wearable electronic device 300.
The components to be described with reference to FIGS.
8A to 8C may be partially or entirely identical to the
components described with reference to FIGS. 1 to 7.
The components to be described with reference to FIGS.
8A to 8C may be partially or entirely identical to the
components to be described with reference to FIGS.
9A to 18.
[0085] According to an embodiment, the opening de-
vice 430 may include a first opening member 431 and a
second opening member 432. The description of the first
and second opening members 431 and 432 with refer-
ence to FIGS. 6A and 6B may be substantially equally
applied to the first and second opening members 431 and
432. A channel 422 may be formed between the first
opening member 431 and the second opening member
432.
[0086] According to an embodiment, the channel 422
may be defined as "a space bounded by the components
included in the wearable electronic device 300, or a set of
boundary surfaces of the components." For example, the
channel 422 may include a space formed between the
inner surface of the housing 310 and the battery outer
wall 381. For example, the channel 422 may include a
space formed between the inner surface of the housing
310 and the speaker outer wall 391. For example, the
channel 422 may include a space formed between the
first opening member 431 and the second opening mem-
ber 432.
[0087] According to an embodiment, the channel 422
may be defined as "a portion of a space formed inside the
housing 310." The opening device 430 may be disposed
to be movable toward the channel 422. The first opening
member 431 may move toward the channel 422 and may
close a portion of the channel 422. The first opening
member 431 may be located inside the channel 422.
The second opening member 432 may move toward
the channel 422 and may close a portion of the channel
422. The second opening member 432 may be disposed
inside the channel 422.
[0088] According to an embodiment, the wearable
electronic device 300 may include a support member
435. For example, the support member 435 may be
disposed inside a housing (e.g., the housing 310 in

FIG. 6A). For example, the support member 435 may
be fixed inside the housing 310. For example, the support
member 435 may be a portion of the housing or a portion
of a component disposed inside the housing. The open-
ing device 430 may be movably disposed on the support
member 435. The support member 435 may support the
opening device 430. The support member 435 may in-
clude a first support member 433 on which the first open-
ing member 431 is movably disposed. The support mem-
ber 435 may include a second support member 434 on
which the second opening member 432 is movably dis-
posed.
[0089] Referring to FIG. 8A, the wearable electronic
device 300 may be in a first state. For example, the first
state may be defined as a fully open state of the channel
422. In the first state, the first opening member 431 and
the second opening member 432 may be spaced apart
from each other. In the first state, the channel 422 may be
formed between the first opening member 431 and the
second opening member 432.
[0090] Referring to FIG. 8B, the wearable electronic
device 300 may be in a third state. For example, the third
state may be defined as a semi-open state of the channel
422. The distance between the first opening member 431
and the second opening member 432 in the third state
may be smaller than that in the first state. In the third state,
a channel 422 may be formed between the first opening
member 431 and the second opening member 432.
[0091] According to an embodiment, the wearable
electronic device 300 may be in a second state. For
example, the second state may be defined as a fully
closed state of the channel 422. For example, in the
second state, the first opening member 431 and the
second opening member 432 may come into contact
with each other. In the second state, the channel 422
may not be formed. In an embodiment, as illustrated in
FIG. 8C, in the second state of the wearable electronic
device 300, the distance between the first opening mem-
ber 431 and the second opening member 432 may be
smaller than that in the third state, and the channel 422
may be formed between the first opening member 431
and the second opening member 432.
[0092] Referring to FIGS. 8A to 8C, the first opening
member 431 and the second opening member 432 may
be spaced apart from each other. The channel 422 may
be formed between the first opening member 431 and the
second opening member 432. A first gap G1 between the
first opening member 431 and the second opening mem-
ber 432 in the first state may be greater than a second gap
G3 between the first opening member 431 and the sec-
ond opening member 432 in the second state. The first
gap G1 between the first opening member 431 and the
second opening member 432 in the first state may be
greater than a third gap G2 between the first opening
member 431 and the second opening member 432 in the
third state. The second gap G3 between the first opening
member 431 and the second opening member 432 in the
second state may be smaller than the third gap G2
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between the first opening member 431 and the second
opening member 432 in the third state.
[0093] FIG. 9A is a diagram illustrating a method for
operating the opening member 430 according to an
embodiment. FIG. 9B is a diagram illustrating a method
for operating the opening member 430 according to an
embodiment. FIG. 9C is a diagram illustrating a method
for operating the opening member 430 according to an
embodiment. The components to be described with re-
ference to FIGS. 9A to 9C may be partially or entirely
identical to the components described with reference to
FIGS. 1 to 8C. The components to be described with
reference to FIGS. 9A to 9C may be partially or entirely
identical to the components to be described with refer-
ence to FIGS. 10 to 18.
[0094] According to an embodiment, the opening de-
vice 430 may be opened and closed by an electrostatic
actuation method. The opening device 430 may be
opened and closed by an electromagnetic actuation
method. The opening device 430 may be opened and
closed by a piezoelectric actuation method.
[0095] Referring to FIG. 9A, the opening device 430
may include a conductive member 436, a first circuit 437,
and a second circuit 438. In a first state, a first opening
member 431 and a second opening member 432 may be
spaced apart from each other to form a gap G there-
between. A channel 422 may be formed between the first
opening member 431 and the second opening member
432. In the first state, a first circuit 437 may be electrically
connected to the second opening member 432. In the first
state, a repulsive force may be formed between the first
opening member 431 and the second opening member
432. In a second state, the first opening member 431 and
the second opening member 432 may be in close contact
with each other to close the channel 422. In the second
state, at least a portion of the first opening member 431
may be bent. The first opening member 431 may include
a bending portion 431a. In the second state, the second
circuit 438 may be electrically connected to a conductive
member 436. In the second state, an attractive force may
be formed between the first opening member 431 and the
second opening member 432. In an embodiment, the first
opening member 431 may include a material having
elasticity. In the first state, the gap G may be formed
between the first opening member 431 and the second
opening member 432, and in the second state, the at-
tractive force may be formed between the first opening
member 431 and the second opening member 432.
When transitioning from the first state to the second state,
a current may be applied to at least one of the first
opening member 431 and the second opening member
432, and an attractive force may be generated between
the first opening member 431 and the second opening
member 432. When transitioning from the second state to
the first state, a current may not be applied to the first
opening member 431 and the second opening member
432, and the first opening member 431 and the second
opening member 432 may be spaced apart by the re-

storing force of the first opening member 431.
[0096] Referring to FIG. 9B, the opening device 430
may include a coil 536 and a first circuit 537. In a first
state, the first opening member 431 and the second
opening member 432 may be spaced apart from each
other to form a gap G therebetween. A channel 422 may
be formed between the first opening member 431 and the
second opening member 432. In the first state, the circuit
537 may block an electrical connection between the first
opening member 431 and the second opening member
432. For example, in the first state, a repulsive force may
be formed between the first opening member 431 and the
second opening member 432. In a second state, the first
opening member 431 and the second opening member
432 may be in close contact with each other to close the
channel 422. In the second state, at least a portion of the
first opening member 431 may be bent. The first opening
member 431 may include a bending portion 431a. In the
second state, the first circuit 537 may electrically connect
the first opening member 431 to the second opening
member 432. In the second state, a current may be
applied to the coil 536. In the second state, an attractive
force may be formed between the first opening member
431 and the second opening member 432. In the second
state, an electromagnetic force may be formed between
the first opening member 431 and the second opening
member 432 due to the current applied through the first
circuit 537 and the current applied through the coil 536. A
support member 435 may include a conductive material.
[0097] Referring to FIG. 9C, the opening device 430
may include a first circuit 637 and a second circuit 638. In
a first state, the first opening member 431 and the second
opening member 432 may be spaced apart from each
other to form a gap G therebetween. A channel 422 may
be formed between the first opening member 431 and the
second opening member 432. In the first state, the first
circuit 637 may block an electrical connection between
the first opening member 431 and the second opening
member 432. For example, in the first state, a repulsive
force may be generated between the first opening mem-
ber 431 and the second opening member 432. In a
second state, the first opening member 431 and the
second opening member 432 may be in close contact
with each other to close the channel 422. In the second
state, at least a portion of the first opening member 431
may be bent. The first opening member 431 may include
a bending portion 431a. In the second state, the first
circuit 637 may electrically connect the first opening
member 431 to the second opening member 432. In
the second state, the second circuit 638 may apply a
voltage to the first opening member 431. The first opening
member 431 may include a piezoelectric element. The
first opening member 431 may include a material that
contracts when voltage is applied thereto. The first open-
ing member 431 may include a conductive material.
[0098] FIG. 10 is a block diagram conceptually illus-
trating the relationship between components 430, 471,
472, 481, 482, and 483 of the wearable electronic device
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300. FIG. 11 is a block diagram conceptually illustrating a
method for operating the wearable electronic device 300.
The components to be described with reference to FIGS.
10 and 11 may be partially or entirely identical to the
components described with reference to FIGS. 1 to 9C.
The components to be described with reference to FIGS.
10 and 11 may be partially or entirely identical to the
components to be described with reference to FIGS. 12 to
18.
[0099] According to an embodiment, the wearable
electronic device 300 may include a processor 471.
The processor 471 may be substantially identical to
the processor 120 described with reference to FIG. 1.
The description of the processor 120 with reference to
FIG. 1 may be equally applied to the processor 471. The
wearable electronic device 300 may include memory
472. The memory 472 may be substantially identical to
the memory 130 described with reference to FIG. 1. The
description of the memory 130 with reference to FIG. 1
may be equally applied to the memory 472.
[0100] According to an embodiment, the wearable
electronic device 300 may include an opening device
430. The description of the opening device 430 with
reference to FIGS. 6A to 9C A may be substantially
equally applied to the opening device 430.
[0101] According to an embodiment, the wearable
electronic device 300 may include a signal processing
device 450 and a converter 460. The description of the
signal processing device 450 and the converter 460 with
reference to FIG. 7 may be substantially equally applied
to the signal processing device 450 and the converter
460.
[0102] According to an embodiment, the wearable
electronic device 300 may include an input device 481.
The input device 481 may be exposed to the outside of a
housing (e.g., the housing 310 in FIG. 6A). The input
device 481 may be arranged to be touchable. A user may
input a signal to the input device 481. For example, the
wearable electronic device 300 may change the operat-
ing mode of the wearable electronic device 300, based on
a signal input by the user to the input device 481.
[0103] According to an embodiment, the wearable
electronic device 300 may include a detection device
482. The detection device 482 may detect a signal for
sound received through a microphone 440. The detection
device 482 may detect noise in the sound received
through the microphone 440. The detection device 482
may detect howling of sound received through the micro-
phone 440. The detection device 482 may include a
measuring device 4821 that senses a signal (e.g., a
sound wave) received through the microphone 440.
For example, the detection device 482 may include a
detector 4822 that detects howling from a signal sensed
by the measuring device 4821.
[0104] According to an embodiment, the wearable
electronic device 300 may include a tuning device 483.
The tuning device 483 may adjust a signal for sound
output through the speaker 390.

[0105] According to an embodiment, the processor
471 may receive a signal from the input device 481.
For example, the processor 471 may receive information
about an operating mode of the wearable electronic
device 300 from the input device 481. The processor
471 may receive a signal from the detection device 482.
For example, the processor 471 may receive, from the
detection device 482, information about howling of sound
received through the microphone 440. The processor
471 may transmit a signal to the tuning device 483.
The processor 471 may transmit a signal to the opening
device 430. For example, the processor 471 may adjust
the opening device 430 so that the wearable electronic
device 300 operates in a first state, a second state, or a
third state. For example, the processor 471 may adjust
the opening degree of a channel (e.g., the channel 422 in
FIGS. 8A and 8B) such that the wearable electronic
device 300 operates in the first state, the second state,
or the third state.
[0106] According to an embodiment, noise (e.g., howl-
ing) included in the sound received through the micro-
phone 440 may be detected by the detection device 482.
When the noise is detected by the detection device 482,
the processor 471 may adjust the opening device 430.
[0107] FIG. 12 is a control block diagram of the wear-
able electronic device 300 operating in a first mode
according to an embodiment of the disclosure. The com-
ponents to be described with reference to FIG. 12 may be
partially or entirely identical to the components described
with reference to FIGS. 1 to 11. Referring to FIG. 12, the
components to be described may be partially or entirely
identical to the components to be described with refer-
ence to FIGS. 13 to 18.
[0108] Referring to FIGS. 10, 11, and 12, the wearable
electronic device 300 may include a processor 471 and
memory 472. The processor 471 may include at least one
processor, and the description of the processor 120 with
reference to FIG. 1 may be equally applied to the pro-
cessor 471. The description of the memory 130 with
reference to FIG. 1 may be equally applied to the memory
471. The memory 472 may store instructions. The mem-
ory 472 may be executed by the processor 471. The
memory 472, when executed by the processor 471,
may cause the processor 471 to perform predetermined
operations.
[0109] Referring to FIGS. 10, 11, and 12, a method for
operating the wearable electronic device 300 may in-
clude an operation 1010 in which the wearable electronic
device 300 operates in a first mode. The first mode may
be defined as a mode in which the wearable electronic
device 300 operates in a state which the opening device
430 has opened a channel (e.g., the channel 422 in FIGS.
8A and 8B). The processor 471 may operate the wear-
able electronic device 300 in the first mode, based on a
signal input to the input device 481. The user may input a
signal to the input device 481 to cause the wearable
electronic device 300 to operate in the first mode. The
first mode may be referred to as an "ambient sound
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listening mode."
[0110] Referring to FIGS. 10, 11, and 12, the method
for operating the wearable electronic device 300 may
include an operation 1020 in which the wearable electro-
nic device 300 detects howling of sound received from
the microphone 440. The detection device 482 may
detect noise (e.g., howling) included in the sound re-
ceived through the microphone 440. The detection de-
vice 482 may detect a wave of the sound received
through the microphone 440. For example, the measur-
ing device 4821 may detect the wave of the sound
received through the microphone 440. The detection
device 482 may detect information about noise (e.g.,
howling) from the wave of the sound received through
the microphone 440. For example, the detector 4822 may
detect information about a frequency band in which the
wave is amplified, in a wave graph of sound received
through the microphone 440.
[0111] Referring to FIGS. 10, 11, and 12, the method for
operating the wearable electronic device 300 may in-
clude a first output operation 1030 of the wearable elec-
tronic device 300. The first output operation 1030 may be
an operation in which the processor 471 adjusts the
opening degree of the opening device 430. For example,
when the processor 471 receives the information about
the noise (e.g., howling) from the detection device 482,
the processor 471 may control the opening device 430 to
reduce the opening degree of the opening device 430.
[0112] Referring to FIGS. 10, 11, and 12, the method
for operating the wearable electronic device 300 may
include a second output operation 1050 of the wearable
electronic device 300. The second output operation 1050
may be an operation in which the processor 471 main-
tains the opening degree of the opening device 430. For
example, when the processor 471 does not receive the
information about the noise (e.g., howling) from the de-
tection device 482, the processor 471 may maintain the
opening degree of the opening device 430 in a fully
opened state. When the processor 471 does not receive
the information about the noise (e.g., howling) from the
detection device 482, the processor 471 may control the
opening device 430 such that the opening device 430
operates in the first state shown in FIG. 8A.
[0113] Referring to FIGS. 10, 11, and 12, the method
for operating the wearable electronic device 300 may
include an operation 1040 of tuning sound output through
the speaker 390. When receiving the information about
the noise (e.g., howling) from the detection device 482,
the processor 471 may control the tuning device 483,
based on the information. For example, the processor
471 may receive, from the detection device 482, informa-
tion about a frequency band in which the noise is gener-
ated, and may control the tuning device 483 to reduce the
output (e.g., amplitude of the wave) of the frequency
band. According to an embodiment of the disclosure,
the processor 471 may tune sound based on the degree
to which the opening device 430 opens and closes the
channel 422. Operation 1040 of tuning the sound may

also be performed by the signal processing device 450 in
the manner described above.
[0114] FIG. 13 is a control block diagram of the wear-
able electronic device 300 operating in a second mode
according to an embodiment of the disclosure. The com-
ponents to be described with reference to FIG. 13 may be
partially or entirely identical to the components described
with reference to FIG. 1 to FIG. 12. The components to be
described with reference to FIG. 13 may be partially or
entirely identical to the components to be described with
reference to FIGS. 14 to 18.
[0115] Referring to FIGS. 10, 11, and 13, the wearable
electronic device 300 may include a processor 471 and
memory 472. The processor 471 may include at least one
processor, and the description of the processor 120 with
reference to FIG. 1 may be equally applied to the pro-
cessor 471. The description of the memory 130 with
reference to FIG. 1 may be equally applied to the memory
471. The memory 472 may store instructions. The mem-
ory 472 may be executed by the processor 471. The
memory 472, when executed by the processor 471,
may cause the processor 471 to perform predetermined
operations.
[0116] Referring to FIGS. 10, 11, and 13, a method for
operating the wearable electronic device 300 may in-
clude an operation 2010 in which the wearable electronic
device 300 operates in a second mode. The second
mode may be defined as a mode in which the wearable
electronic device 300 operates in a state in which the
opening device 430 has closed a channel (e.g., the
channel 422 in FIGS. 8A and 8B). The processor 471
may operate the wearable electronic device 300 in the
second mode, based on a signal input to the input device
481. The user may input a signal to the input device 481 to
cause the wearable electronic device 300 to operate in
the second mode. The second mode may include an
operation of recording sound received through the micro-
phone 440 by using the microphone 440. For example,
the second mode may be referred to as a "recording
mode."
[0117] Referring to FIGS. 10, 11, and 13, the method
for operating the wearable electronic device 300 may
include an operation 2020 of closing the opening device
430. When the processor 471 receives, through the input
device 481, a signal indicating that the wearable electro-
nic device 300 operates in the second mode, the pro-
cessor 471 may control the opening device 430 such that
the opening device 430 is closed.
[0118] Referring to FIGS. 10, 11, and 13, the method
for operating the wearable electronic device 300 may
include an operation 2030 of receiving sound. When the
wearable electronic device 300 operates in the second
mode, the wearable electronic device 300 may receive
sound through the microphone 440.
[0119] Referring to FIGS. 10, 11, and 13, the method
for operating the wearable electronic device 300 may
include an operation 2040 of tuning and storing the
received sound. When the wearable electronic device
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300 operates in the second mode, the sound received
through the microphone 440 may be processed by the
tuning device 483 and then stored.
[0120] Referring to FIGS. 10, 11, and 13, the method
for operating the wearable electronic device 300 may
include an operation 2050 of tuning and outputting
sound. When the wearable electronic device 300 oper-
ates in the second mode, sound recorded by the micro-
phone 440 may be processed by the tuning device 483
and then output through the speaker 390.
[0121] Referring to FIGS. 10, 11, and 13, the method
for operating the wearable electronic device 300 may
include an operation 2060 of determining whether the
second mode is continued. While the wearable electronic
device 300 is operating in the second mode, the proces-
sor 471 may receive a signal for the mode of the wearable
electronic device 300 from the input device 481. The
signal may be a signal for switching the mode of the
wearable electronic device 300 from a second mode to
a first mode. For example, when receiving a signal for the
second mode from the input device 481, the processor
471 may maintain the closed state of the opening device
430. For example, when the processor 471 does not
receive a signal for the second mode from the input
device 481, the processor 471 may control the opening
device 430 such that the opening device 430 is opened.
For example, when the processor 471 receives a signal
for the first mode from the input device 481, the processor
471 may control the opening device 430 such that the
opening device 430 is opened.
[0122] Referring to FIGS. 10, 11, and 13, the method
for operating the wearable electronic device 300 may
include an operation 2070 of opening the opening device
430. While the wearable electronic device 300 is operat-
ing in the second mode, the processor 471 may receive,
from the input device 481, a signal for stopping the
operation in the second mode. When the signal for stop-
ping the operation in the second mode is received from
the input device 481, the processor 471 may open the
opening device 430. when the signal for stopping the
operation in the second mode is received from the input
device 481, the processor 471 may open the opening
device 430 as shown in FIG. 8A or 8B.
[0123] FIG. 14 is a control block diagram of the wear-
able electronic device 300 operating in a first mode
according to an embodiment of the disclosure. The com-
ponents to be described with reference to FIG. 14 may be
partially or entirely identical to the components described
with reference to FIGS. 1 to 13. The components to be
described with reference to FIG. 14 may be partially or
entirely identical to the components to be described with
reference to FIGS. 15 to 18.
[0124] Referring to FIGS. 10, 11, and 14, the wearable
electronic device 300 may include a processor 471 and
memory 472. The processor 471 may include at least one
processor, and the description of the processor 120 with
reference to FIG. 1 may be equally applied to the pro-
cessor 471. The description of the memory 130 with

reference to FIG. 1 may be equally applied to the memory
471. The memory 472 may store instructions. The mem-
ory 472 may be executed by the processor 471. The
memory 472, when executed by the processor 471,
may cause the processor 471 to perform predetermined
operations.
[0125] Referring to FIGS. 10, 11, and 14, a method for
operating the wearable electronic device 300 may in-
clude an operation 3010 in which the wearable electronic
device 300 operates in a first mode. The first mode may
be defined as a mode in which the wearable electronic
device 300 operates in a state in which the opening
device 430 opened a channel (e.g., the channel 422 in
FIGS. 8A and 8B). The processor 471 may operate the
wearable electronic device 300 in the first mode, based
on a signal input to the input device 481. The user may
input a signal to the input device 481 to cause the wear-
able electronic device 300 to operate in the first mode.
For example, the first mode may be referred to as "am-
bient sound listening mode."
[0126] Referring to FIGS. 10, 11, and 14, the method
for operating the wearable electronic device 300 may
include an operation 3020 of opening the opening device
430. The processor 471 may open the opening device
430 while the wearable electronic device 300 is operating
in the first mode.
[0127] Referring to FIGS. 10, 11, and 14, the method
for operating the wearable electronic device 300 may
include an operation 3030 of receiving sound through the
microphone 440 and outputting the received sound
through the speaker 390.
[0128] Referring to FIGS. 10, 11, and 14, the method
for operating the wearable electronic device 300 may
include an operation 3040 in which the wearable electro-
nic device 300 detects howling of the sound received
from the microphone 440. The detection device 482 may
detect noise (e.g., howling) included in the sound re-
ceived from the microphone 440. The detection device
482 may detect a wave of the sound received through the
microphone 440. For example, the measuring device
4821 may detect a wave of the sound received through
the microphone 440. The detection device 482 may
detect information about noise (e.g., howling) from the
wave of the sound received through the microphone 440.
For example, the detector 4822 may detect information
about a frequency band in which the wave has been
amplified, in a wave graph of the sound received through
the microphone 440.
[0129] Referring to FIGS. 10, 11, and 14, the method
for operating the wearable electronic device 300 may
include an operation 3050 of identifying the level of
howling. The processor 471 may receive the information
about the noise detected by the detection device 482.
The processor 471 may identify the level of noise de-
tected by the detection device 482 (e.g., the amplitude of
a frequency band in which howling has occurred).
[0130] Referring to FIGS. 10, 11, and 14, the method
for operating the wearable electronic device 300 may
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include an operation 3060 of adjusting the opening de-
gree of the opening device 430. The processor 471 may
compare the level of noise detected by the detection
device 482 with stored information (instructions). For
example, the stored information may be stored in the
memory 482. The memory 482 may store information
about the opening degree of the opening device 430
corresponding to the level of noise. The memory 482
may store information about the opening degree of the
opening device 430 corresponding to the frequency band
of the noise. The processor 471 may adjust the opening
degree of the opening device 430, based on the above
information. For example, the processor 471 may control
the opening device 430 to an opening degree corre-
sponding to the level of noise detected by the detection
device 482. For example, the processor 471 may control
the opening device 430 to an opening degree corre-
sponding to the frequency band of the noise detected
by the detection device 482.
[0131] Referring to FIGS. 10, 11, and 14, the method
for operating the wearable electronic device 300 may
include a tuning operation 3070. After the opening de-
gree of the opening device 430 is adjusted by the pro-
cessor 471, sound received through the microphone 440
may be processed by the tuning device 483 and the
signal processing device 450. For example, the tuning
device 483 and the signal processing device 450 may
process sound through an EQ tuning method.
[0132] FIGS. 15, 16A, and 16B are diagrams illustrat-
ing the effects of the wearable electronic device 300
according to various embodiments of the disclosure.
The components to be described with reference to
FIG. 15, FIG. 16A, and FIG. 16B may be partially or
entirely identical to the components described with re-
ference to FIG. 1 to FIG. 14.
[0133] Referring to FIG. 15, information about sound
transmitted through the speaker 390 when the acoustic
passage 420 is opened or closed by the opening device
430 may be observed. Graph S1 is a graph representing
sound information (e.g., dB) according to frequency
bands when the acoustic passage 420 is opened. Graph
S2 is a graph representing sound information (e.g., dB)
according to frequency bands when the acoustic pas-
sage 420 is closed. It can be observed that when the
acoustic passage 420 is opened, the level (dB) of sound
in the first frequency band (e.g., less than 3K) is higher
than when the acoustic passage 420 is closed. It can be
observed that when the acoustic passage 420 is opened,
the level (dB) of sound in a second frequency band (e.g.,
3K to 5K) is lower than when the acoustic passage 420 is
closed. Accordingly, the wearable electronic device 300
according to various embodiments of the disclosure may
control the operation of the opening device 430 according
to sound transmitted through the acoustic passage 420,
thereby adjusting the level (dB) of sound output through
the speaker 390.
[0134] Referring to FIGS. 16A and 16B, the wearable
electronic device according to an embodiment of the

disclosure may be compared with a wearable electronic
device according to a comparative embodiment. FIG.
16A is a graph of information about sound according to
a comparative embodiment in which control of an open-
ing device is not performed. FIG. 16B is a graph of
information about sound according to an embodiment
of the disclosure in which control of the opening device
430 is performed. Referring to FIG. 16A, it can be ob-
served that sound is amplified in a predetermined fre-
quency band (e.g., 1000 to 10000 Hz) H1 by the sound
transmitted through an acoustic passage. In the wear-
able electronic device according to the comparative em-
bodiment in FIG. 16A, howling may occur due to the
amplification of sound in the frequency band H1. Refer-
ring to FIG. 16B, in the wearable electronic device ac-
cording to an embodiment of the disclosure, sound is not
amplified in the frequency band (e.g., 1000 to 10000 Hz)
H2, and thus howling does not occur.
[0135] FIGS. 17 and 18 are diagrams illustrating howl-
ing occurring in a wearable electronic device according to
a comparative embodiment. FIG. 17 is a diagram visually
illustrating howling that occurs when sound is amplified in
a predetermined frequency band. FIG. 18 is a drawing
illustrating that a frequency shift occurs due to the opera-
tion of the wearable electronic device for removing the
howling.
[0136] A wearable electronic device may be worn in the
user’s ear. The wearable electronic device may include a
housing in which a speaker and a microphone are dis-
posed. The speaker may output sound to the outside of
the housing, and the microphone may receive sound
from the outside of the housing. The sound output to
the outside of the housing through the speaker may be
received again by the microphone via an acoustic pas-
sage formed inside the housing. When the acoustic
passage is permanently opened, the sound output to
the outside of the housing through the speaker may be
continuously received by the microphone through the
acoustic passage, thereby causing amplification in a
predetermined frequency band.
[0137] A problem to be solved in the disclosure may be
to reduce noise in sound received through a microphone.
[0138] A problem to be solved in the disclosure may be
to control the transmission of sound through an acoustic
passage.
[0139] Problems to be solved in the disclosure are not
limited to the aforementioned problems, and may be
variously defined without departing from the spirit and
scope of the disclosure.
[0140] An electronic device according to various em-
bodiments of the disclosure may reduce noise in sound
by controlling the opening degree of an acoustic passage
based on whether noise is included in sound received by
the microphone.
[0141] The electronic device according to various em-
bodiments of the disclosure may control an opening
device for adjusting the opening degree of the acoustic
passage, based on whether noise is included in sound.
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[0142] The effects obtainable from the disclosure are
not limited to the effects mentioned above, and other
effects not mentioned will be clearly understood by those
skilled in the art to which the disclosure pertains from the
following description.
[0143] According to an embodiment of the disclosure,
a wearable electronic device (e.g., 300 in FIGS. 1 to 18)
may include a speaker (e.g., 390 in FIGS. 1 to 18).
[0144] According to an embodiment of the disclosure,
the wearable electronic device (e.g., 300 in FIGS. 1 to 18)
may include a microphone (e.g., 440 in FIGS. 1 to 18)
spaced apart from the speaker (e.g., 390 in FIGS. 1 to
18).
[0145] According to an embodiment of the disclosure,
the wearable electronic device (e.g., 300 in FIGS. 1 to 18)
may include a housing (e.g., 310 in FIGS. 1 to 18) con-
figured to accommodate the speaker (e.g., 390 in FIGS. 1
to 18) and the microphone (e.g., 440 in FIGS. 1 to 18), and
including an output passage (e.g., 321 in FIGS. 1 o 18)
configured to transmit sound output from the speaker
(e.g., 390 in FIGS. 1 to 18) and an acoustic passage (e.g.,
420 in FIGS. 1 to 18) configured to transmit sound re-
ceived by the microphone (e.g., 440 in FIGS. 1 to 18).
[0146] According to an embodiment of the disclosure,
the wearable electronic device (e.g., 300 in FIGS. 1 to 18)
may include an opening device (e.g., 430 in FIGS. 1 to 18)
configured to open and close at least a portion of the
acoustic passage (e.g., 420 in FIGS. 1 to 18).
[0147] According to an embodiment of the disclosure,
the wearable electronic device (e.g., 300 in FIGS. 1 to 18)
may include a detection device (e.g., 482 in FIGS. 1 to 18)
configured to sense information about the sound re-
ceived by the microphone (e.g., 440 in FIGS. 1 to 18).
[0148] According to an embodiment of the disclosure,
the wearable electronic device (e.g., 300 in FIGS. 1 to 18)
may include at least one processor (e.g., 120 or 471 in
FIGS. 1 to 18).
[0149] According to an embodiment of the disclosure,
the wearable electronic device (e.g., 300 in FIGS. 1 to 18)
may include memory (e.g., 130 or 472 in FIGS. 1 to 18)
configured to store instructions.
[0150] According to an embodiment of the disclosure,
the instructions, when executed by the at least one
processor (e.g., 120 or 471 in FIGS. 1 to 18), may cause
the wearable electronic device (e.g., 300 in FIGS. 1 to 18)
to operate the at least one processor (e.g., 120 or 471 in
FIGS. 1 to 18) to control the opening device (e.g., 430 in
FIGS. 1 to 18), based on the information sensed by the
detection device (e.g., 482 in FIGS. 1 to 18).
[0151] According to an embodiment of the disclosure,
the information sensed by the detection device (e.g., 482
in FIGS. 1 to 18) may be information about howling
included in the sound received by the microphone
(e.g., 440 in FIGS. 1 to 18).
[0152] According to an embodiment of the disclosure,
the detection device (e.g., 482 in FIGS. 1 to 18) may be
configured to identify whether the howling has occurred,
based on a wave of the sound received by the micro-

phone (e.g., 440 in FIGS. 1 to 18).
[0153] According to an embodiment of the disclosure,
the detection device (e.g., 482 in FIGS. 1 to 18) may
include a measuring device (e.g., 4821 in FIGS. 1 to 18)
configured to sense the wave of the sound received by
the microphone (e.g., 440 in FIGS. 1 to 18).
[0154] According to an embodiment of the disclosure,
the detection device (e.g., 482 in FIGS. 1 to 18) may
include a detector (e.g., 4822 in FIGS. 1 to 18) configured
to identify whether the howling has occurred, based on
the waves sensed by the measuring device (e.g., 4821 in
FIGS. 1 to 18).
[0155] According to an embodiment of the disclosure,
the instructions may be configured to, when executed by
the at least one processor (e.g., 120 or 471 in FIGS. 1 to
18), cause the wearable electronic device (e.g., 300 in
FIGS. 1 to 18) to control, based on the information sensed
by the detection device (e.g., 482 in FIGS. 1 to 18), the
opening device (e.g., 430 in FIGS. 1 to 18) such that the
opening degree of the acoustic passage (e.g., 420 in
FIGS. 1 to 18) is adjusted.
[0156] According to an embodiment of the disclosure,
the instructions may be configured to, when executed by
the at least one processor (e.g., 120 or 471 in FIGS. 1 to
18), cause the wearable electronic device (e.g., 300 in
FIGS. 1 to 18) to control the opening device (e.g., 430 in
FIGS. 1 to 18) to close the acoustic passage (e.g., 420 in
FIGS. 1 to 18) in case that the howling sound is included
in the sound received by the microphone (e.g., 440 in
FIGS. 1 to 18).
[0157] According to an embodiment of the disclosure,
the instructions may be configured to, when executed by
the at least one processor (e.g., 120 or 471 in FIGS. 1 to
18), cause the wearable electronic device (e.g., 300 in
FIGS. 1 to 18) to control the opening device (e.g., 430 in
FIGS. 1 to 18) to open the acoustic passage (e.g., 420 in
FIGS. 1 to 18) in case that the howling is not included in
the sound received by the microphone (e.g., 440 in FIGS.
1 to 18).
[0158] According to an embodiment of the disclosure,
the instructions may be configured to, when executed by
the at least one processor (e.g., 120 or 471 in FIGS. 1 to
18), cause the wearable electronic device (e.g., 300 in
FIGS. 1 to 18) to control the opening device (e.g., 430 in
FIGS. 1 to 18) such that the opening degree of the
acoustic passage (e.g., 420 in FIGS. 1 to 18) varies
depending on the level of the howling included in the
sound receive by the microphone (e.g., 440 in FIGS. 1 to
18).
[0159] According to an embodiment of the disclosure,
the instructions may be configured to, when executed by
the at least one processor (e.g., 120 or 471 in FIGS. 1 to
18), cause the wearable electronic device (e.g., 300 in
FIGS. 1 to 18) to operate in one of a first mode, in which
the acoustic passage (e.g., 420 in FIGS. 1 to 18) is
opened, and a second mode, in which the acoustic
passage (e.g., 420 in FIGS. 1 to 18) is closed.
[0160] According to an embodiment of the disclosure,

5

10

15

20

25

30

35

40

45

50

55



18

33 EP 4 819 636 A1 34

the instructions may be configured to, when executed by
the at least one processor (e.g., 120 or 471 in FIGS. 1 to
18), cause the wearable electronic device (e.g., 300 in
FIGS. 1 to 18) to control the opening device (e.g., 430 in
FIGS. 1 to 18) to open the acoustic passage (e.g., 420 in
FIGS. 1 to 18) in case that the wearable electronic device
(e.g., 300 in FIGS. 1 to 18) switches from the second
mode to the first mode.
[0161] According to an embodiment of the disclosure,
the housing (e.g., 310 in FIGS. 1 to 18) may include an
opening (e.g., 314 in FIGS. 1 to 18) that communicates
with the outside of the housing (e.g., 310 in FIGS. 1 to 18).
[0162] According to an embodiment of the disclosure,
the acoustic passage (e.g., 420 in FIGS. 1 to 18) may
extend from the opening (e.g., 314 in FIGS. 1 to 18)
toward the output passage (e.g., 321 in FIGS. 1 to 18).
[0163] According to an embodiment of the disclosure,
the acoustic passage (e.g., 420 in FIGS. 1 to 18) may
include a passage (e.g., 421 in FIGS. 1 to 18) formed
inside the housing (e.g., 310 in FIGS. 1 to 18) toward the
output passage (e.g., 321 in FIGS. 1 to 18).
[0164] According to an embodiment of the disclosure,
the acoustic passage (e.g., 420 in FIGS. 1 to 18) may
include a channel (e.g., 422 in FIGS. 1 to 18) that is
connected to the passage (e.g., 421 in FIGS. 1 to 18) and
is formed to be closable by the opening device (e.g., 430
in FIGS. 1 to 18).
[0165] According to an embodiment of the disclosure,
the acoustic passage (e.g., 420 in FIGS. 1 to 18) may
include a first passage (e.g., 423 in FIGS. 1 to 18) that
connects the opening (e.g., 314 in FIGS. 1 to 18) to the
passage (e.g., 421 in FIGS. 1 to 18).
[0166] According to an embodiment of the disclosure,
the acoustic passage (e.g., 420 in FIGS. 1 to 18) may
include a second passage (e.g., 424 in FIGS. 1 to 18) that
connects the channel (e.g., 422 in FIGS. 1 to 18) to the
output passage (e.g., 321 in FIGS. 1 to 18).
[0167] According to an embodiment of the disclosure,
the opening device (e.g., 430 in FIGS. 1 to 18) may
include a first opening member (e.g., 431 in FIGS. 1 to
18).
[0168] According to an embodiment of the disclosure,
the opening device (e.g., 430 in FIGS. 1 to 18) may
include a second opening member (e.g., 432 in FIGS.
1 to 18) spaced apart from the first opening member (e.g.,
431 in FIGS. 1 to 18).
[0169] According to an embodiment of the disclosure,
the opening device (e.g., 430 in FIGS. 1 to 18) may
operate in one of a first state, in which a first gap is formed
between the first opening member (e.g., 431 in FIGS. 1 to
18) and the second opening member (e.g., 432 in FIGS. 1
to 18), and a second state, in which a second gap smaller
than the first gap is formed between the first opening
member (e.g., 431 in FIGS. 1 to 18) and the second
opening member (e.g., 432 in FIGS. 1 to 18).
[0170] According to an embodiment of the disclosure,
the opening device (e.g., 430 in FIGS. 1 to 18) may
operate according to one of an electrostatic actuation

method, an electromagnetic actuation method, or a
piezoelectric actuation method.
[0171] According to an embodiment of the disclosure,
the wearable electronic device (e.g., 300 in FIGS. 1 to 18)
may include a tuning device (e.g., 483 in FIGS. 1 to 18)
configured to tune sound output through the speaker
(e.g., 390 in FIGS. 1 to 18) after the opening device
(e.g., 430 in FIGS. 1 to 18) is controlled.
[0172] According to an embodiment of the disclosure,
a method for operating a wearable electronic device
(e.g., 300 in FIGS. 1 to 18) may include an operation
of outputting sound through a speaker (e.g., 390 in FIGS.
1 to 18) while an acoustic passage (e.g., 420 in FIGS. 1 to
18) formed inside a housing (e.g., 310 in FIGS. 1 to 18)
accommodating the speaker (e.g., 390 in FIGS. 1 to 18) is
opened.
[0173] According to an embodiment of the disclosure,
a method for operating the wearable electronic device
(e.g., 300 in FIGS. 1 to 18) may include an operation of
sensing information about sound received through a
microphone (e.g., 440 in FIGS. 1 to 18) disposed inside
the housing (e.g., 310 in FIGS. 1 to 18).
[0174] According to an embodiment of the disclosure,
a method for operating the wearable electronic device
(e.g., 300 in FIGS. 1 to 18) may include an operation of
controlling an opening device (e.g., 430 in FIGS. 1 to 18)
configured to close the acoustic passage (e.g., 321 in
FIGS. 1 to 18), based on the information about the sound
received through the microphone (e.g., 440 in FIGS. 1 to
18).
[0175] According to an embodiment of the disclosure,
the operation of controlling the opening device (e.g., 430
in FIGS. 1 to 18) may include an operation of adjusting the
opening degree of the acoustic passage (e.g., 420 in
FIGS. 1 to 18), based on the level of howling included in
the sound received through the microphone (e.g., 440 in
FIGS. 1 to 18).
[0176] According to an embodiment of the disclosure,
the operation of controlling the opening device (e.g., 430
in FIGS. 1 to 18) may include an operation of closing the
acoustic passage (e.g., 420 in FIGS. 1 to 18) when the
howling is included in the sound received through the
microphone (e.g., 440 in FIGS. 1 to 18), and opening the
acoustic passage (e.g., 420 in FIGS. 1 to 18) when the
howling is not included in the sound received through the
microphone (e.g., 440 in FIGS. 1 to 18).
[0177] Although the detailed description of the disclo-
sure has been made with respect to specific embodi-
ments, it will be apparent to those skilled in the art that
various modifications are possible without departing from
the scope of the disclosure.
[0178] Although the disclosure has been described
with reference to an embodiment, it should be under-
stood that the embodiment is provided merely for illus-
trative purposes and does not limit the disclosure. It will
be apparent to those skilled in the art that various
changes may be made in the form and details of the
disclosure without departing from the scope of the dis-
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closure, including the appended claims and equivalents
thereof.

Claims

1. A wearable electronic device (300) comprising:

a speaker (390);
a microphone (440) spaced apart from the
speaker (390);
a housing (310) accommodating the speaker
(390) and the microphone (440), and including
an output passage (321) configured to transfer a
sound output from the speaker (390) and a
sound passage (420) configured to transfer a
sound received by the microphone (440);
an opening device (430) configured to close or
open at least a portion of the sound passage
(420);
a detecting device (482) configured to sense
information related to the sound received by
the microphone (440);
at least one processor (120, 471); and
memory (130, 472) storing instructions config-
ured to, when executed by the at least one
processor (120, 471), cause the wearable elec-
tronic device (300) to:
control the opening device (430) based on the
information sensed by the detecting device
(482).

2. The wearable electronic device of claim 1,
wherein the information sensed by the detecting
device (482) is information related to howling in-
cluded in the sound received by the microphone
(440).

3. The wearable electronic device of claim 2,
wherein the detecting device (482) is configured to
identify generation of the howling based on a wave of
the sound received by the microphone (440).

4. The wearable electronic device of any one of claims
1 to 3,
wherein the detecting device (482) includes:

a sensing device (4821) configured to sense a
wave of the sound received by the microphone
(440); and
a detector (4822) configured to identify genera-
tion of the howling based on the wave sensed by
the sensing device (4821).

5. The wearable electronic device of any one of claims
1 to 4,
wherein the instructions are configured to, when
executed by the at least one processor (120, 471),

cause the wearable electronic device (300) to:
control the opening device (430) to control an open-
ing level of the sound passage (420) based on the
information sensed by the detecting device (482).

6. The wearable electronic device of any one of claims
1 to 5,
wherein the instructions are configured to, when
executed by the at least one processor (120, 471),
cause the wearable electronic device (300) to:

control the opening device (430) to close the
sound passage (420) when howling is included
in the sound received by the microphone (440),
and
control the opening device (430) to open the
sound passage (420) when howling is not in-
cluded in the sound received by the microphone
(440).

7. The wearable electronic device of any one of claims
1 to 6,
wherein the instructions are configured to, when
executed by the at least one processor (120, 471),
cause the wearable electronic device (300) to:
control the opening device (430) to control an open-
ing level of the sound passage according to a level of
howling included in the sound received by the micro-
phone (440).

8. The wearable electronic device of any one of claims
1 to 7,
wherein the instructions are configured to, when
executed by the at least one processor (120, 471),
cause the wearable electronic device (300) to:
operate in one of a first mode where the sound
passage (420) operates in an open state and a
second mode where the sound passage (420) oper-
ates in a closed state.

9. The wearable electronic device of claim 8,
wherein the instructions are configured to, when
executed by the at least one processor (120, 471),
cause the wearable electronic device (300) to:
control the opening device (430) such that the sound
passage (420) is opened when a mode of the wear-
able electronic device (300) is changed from the
second mode to the first mode.

10. The wearable electronic device of any one of claims
1 to 9,

wherein the housing (310) includes an opening
(314) communicated with an outside of the
housing (310),
wherein the sound passage (420) extends from
the opening (314) toward the output passage
(321).
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11. The wearable electronic device of any one of claims
1 to 10,
wherein the sound passage (420) includes:

a passage (421) formed inside the housing (310)
toward the output passage (321); and
a channel (422) connected to the passage (421)
and configured to be closable by the opening
device (430).

12. The wearable electronic device of claim 11,

wherein the housing (310) includes an opening
(314) communicated with an outside of the
housing (310),
wherein the sound passage (420) includes:

a first passage (423) connecting the open-
ing (314) and the passage (421); and
a second passage (424) connecting the
channel(422) and the output passage(321).

13. The wearable electronic device of any one of claims
1 to 12,
wherein the opening device (430) comprises:

a first opening member (431); and
a second opening member (432) spaced apart
from the first opening member (431),
wherein the opening device (430) is configured
to operate in one of a first state in which a first
gap is formed between the first opening member
(431) and the second opening member (432)
and a second state in which a second gap smal-
ler than the first gap is formed between the first
opening member (431) and the second opening
member (432).

14. The wearable electronic device of any one of claims
1 to 13,
wherein the opening device (430) is configured to
operate in one of an electrostatic actuation method,
an electromagnetic actuation method or a piezoelec-
tric actuation method.

15. The wearable electronic device of any one of claims
1 to 14, further comprising:
a tuning device (483) configured to tune a sound
output from the speaker(390) after the opening de-
vice (430) is controlled.
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